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ABSTRACT 

Mapping and documentation of lithological varieties and their corresponding geochemistry at the Kitongo uranium mi- 

neralization were concerned. The Kitongo U occurrence is hosted by granitic rocks that include interleaved sequences 

of metasedimentary and metavolcanic rocks of the collectively termed Poli Group. U-mineralization and Na-metasoma- 

tism are related and structurally controlled. The most promising uraniferous bodies are intimately related to intersect- 

tions between the ductile ENE-trending faults and the brittle conjugate R’ faults postdating the shearing event. The con- 

centration of uranium at fault intersections rather than along individual faults suggests that these zones that are dilata- 

tional in nature were also highly permeable and therefore the hydrothermal fluids ponded there could readily precipitate 

U therein. A two-stage albitization has altered the foliated granitic host rock and the second albitization that has over- 

printed the first one is more effective at fault intersections. Whole rock geochemistry was performed by using ICP-MS 

and ICP-AES respectively for major oxides, trace and REE. The U-bearing rock suite exhibits restricted range in SiO2 

concentration (62.89% - 70.91%) and Al2O3 (13.16% - 18.59%) and it is poor in MgO (0.02% - 1.03%), CaO (0.24% - 

1.88%) and K2O (0.08% - 5.32%). The mineralized rocks are however comparatively richer in Na2O (4.33% - 10.92%) 

compared to their barren counterparts. The host granite and associated granodioritic rocks in the area are weakly meta-

luminous, peralkaline, and are calc-alkaline. They are moderately to strongly fractionated and have tholeiitic and sho-

shonitic affinities with moderate to high HFSE (high field strength elements) and LILE (large ion lithophile elements) 

enrichment. The Rb/Sr, Rb/Ba and Sr/Ba ratios are 0.31, 0.14 and 1.48, respectively. U content in the mineralized gran-

ite is up to 651 ppm while the non-mineralized rock has only 2.4 ppm U. The REE patterns of the granite show LREE 

enrichment and strong Eu negative anomalies (Eu/Eu* = 0.03 to 0.48). The main mineralization stage characterized by 

local U, Na, Pb, Zn, Ga, Hf, Sr, Fe, Al, P and Zr enrichments is related to the second albitization event and could proba-

bly be associated in time with the calcite-uranium stage. The identification of fault segments favorable for uranium 

mineralization in northern Cameroon (Poli area) is important for understanding the genesis of hydrothermal ore deposits 

within continental strike-slip faults and therefore has great implications for exploration strategies. 
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1. Introduction 

Low uranium commodity prices over many years up to 

the mid-2000s contributed to low expenditure on uranium 

exploration and dearth of discoveries of new U deposits 

around the world. The Athabasca Basin (Canada) was one 

of the few regions in which major uranium discoveries 

were made during 1990s and early 2000s [1]. However, 

as the principal fuel for the world nuclear power plants, 

uranium has become a valuable source of energy in many 

countries and increasing demand from emerging econo- 

mies such as China and India, and new market potentials 

in the Middle East have boosted the search for uranium 

deposits worldwide in the last five years [2]. In recent years, 

the world market of U has been characterized by an im-

balance between demand and supply and persistently 

depressed uranium prices. However, the future for ura-

nium exploration and exploitation is not that pessimistic. 

For example, it is projected that available uranium stock-

piles between the period 2006-2020 is ~200 Kt, whereas 

the supply deficit of U over the same period is ~180 - 

260 Kt [3]. Therefore, in the long term, new U occur-

rences must be sought, explored, mapped and evaluated *Corresponding author. 
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ready for production. This optimism is perhaps responsi-

ble for the renewed interest in uranium exploration espe-

cially in currently non-producing countries like Camer-

oon. This optimism also takes cognizance of the current 

outcry against nuclear energy following the Fukushima 

incidence in Japan but the authors hold the view that this 

will not, at least in the short run, derail the nuclear energy 

sector. 

The exploration for U in Cameroon, which peaked in 

the period between 1971 and 1986 led to the discovery of 

two significant uranium occurrences in the country, as 

described in the IAEA-Uranium Deposit (UDEPO) data- 

base [4]. These include the Lolodorf occurrence (south- 

eastern Cameroon) and the Kitongo occurrence (northern 

Cameroon). Previous works suggest that the Kitongo ura- 

nium occurrence is the result of structurally-controlled 

metasomatic replacement in syn-orogenic granitic plutons 

of Pan African age intruded along a deep-seated fault [4]. 

The ore is mainly of disseminated type and although the 

mineralization is envisaged to be thick, it has low grade [4]. 

The “cataclastic” ore type with uraninite as main ore min-

eral, is associated with fault zone; it constitutes the most 

economic ore type and has locally a considerable thickness. 

The vein type is subordinate with very thin veinlets (<1 

cm), but with higher grades (>0.1% U3O8). The historical 

U3O8 resources at Kitongo are estimated between 10,000 

and 25,000 tones at a grade of 0.1% U3O8 [5]. The miner-

alization is also associated with different alteration proc-

esses. Any, if not most of the deposits that were discov-

ered during previous exploration efforts are included in the 

expanded UDEPO database [6]. The resources for many of 

these deposits will however require additional exploration 

before they are sufficiently well defined to be reliable as 

future exploitation candidates. It is against this background 

that the present study was carried out. 

The work described in this contribution was under- 

taken at a time of renewed interest in the Kitongo ura- 

nium occurrence for which Mega Uranium Corporation 

Cameroon PLC. now has exclusive exploration and re- 

serve definition rights (see www.megauranium.com/main/? 

kitongololodorf). The primary objective of this study was 

to map in greater details the northwestern part of the Ko- 

gué batholiths to which the Kitongo uranium mineralize- 

tion belongs and to document its lithological varieties and 

their corresponding geochemistry. Presently, Mega Ura-

nium is actively engaged in diamond drilling of the Ki-

tongo prospect and such detailed maps and integrated 

geochemical data will hopefully assist in the broader un- 

derstanding of the controls of uranium mineralization and 

its genesis at Kitongo. 

2. Regional Geology 

The Kitongo U occurrence that belongs to the Kogué gra- 

nitic batholiths lies within the Central African Fold Belt 

(CAFB) that is regarded as a mobile zone [7-10]. This is 

an intermediate domain between the West African Craton 

(WAC), the São Francisco-Congo Craton (SFCC) and 

enigmatic east Saharan Craton (Figure 1). The CAFB in 

Cameroon is bordered in the south by the Ntem complex 

(Congo craton) that continues across the Atlantic as the 

São Francisco craton in Brazil [11,13]. Northwards and 

beyond this unit the so-called “East Saharan Block” (ESB), 

almost entirely masked by the Chad basin, is located (Fi- 

gure 1). The geology of the northern margin of the CAFB 

in Cameroon is known through the well exposed Poli 

Group that represents an early Neoproterozoic back-arc 

basin formed between 830 and 665 Ma ([14-16]. 

The CAFB was interpreted as a zone of continent-con- 

tinent collision [13,17-27] involving three major land-

masses: the São Francisco-Congo Craton (SFCC), the Eas- 

tern Sahara block and the West African Craton [11] (Fi- 

gure 1). It comprises two main granulitic rock suites: an 

Archaean generation in the forefront basement of the Ou- 

banguides chain and a post Archaean generation likely 

Pan African within the inner zone of that orogeny [28]. 

Recent petrologic and isotopic data enable to define 

the following three main Pan-African geotectonic units at 

the northern boundary of the SFCC: the Yaoundé Group 

(southern Cameroon), the Adamawa domain (central Ca- 

meroon) and the Poli Group (northern Cameroon) (Fig- 

ure 2). The study area is located in the Poli Group (Fig- 

ure 3) dominated by metavolcanic and metasedimentary 

rocks [14,31]. The lithostratigraphy is poorly defined 

because these rocks are interleaved and have been strong- 

ly deformed [31-34] although the metavolcanic unit is 

widely believed to alternate with metasedimentary units. 

The lower metasedimentary unit (Sakje unit) has been af- 

fected by medium- to high-grade metamorphism [32,34], 

while the upper unit underwent low grade metamorphism. 

However in some localities, transition from the low grade 

upper sedimentary unit to the Sakjé unit is gradational as 

at “Buffle Noir” and in western Poli (Figure 3) [33,35]. 

In both regions, the upper and lower metasediments show 

comparable greywacke composition [14,35]. The metase- 

dimentary unit on a wider scale is composed of either pu- 

rely volcanogenic clastic rocks (mainly tuffs) or variably 

reworked clastic rocks (metagreywackes). Conglomerate 

layers are frequently observed in most of the sedimentary 

sequences. The metavolcanic unit includes rhyolite and 

tholeiitic basalts. The tectonics of the Poli region is mar- 

ked by E-W antiform and synform characterizing gentle 

folding of a regional flat-lying foliation probably formed 

during an early thrust evolution. Many generations of wren- 

ch zones in that area crosscut those early folds and folia- 

tion related to the thrusting and nappe refolding. These 

include the left and right wrench movements: the D2 and 

D3 Pan-African phases involving major sinistral and dex- 

tral SZ that have almost operated at right angle. The left  
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Figure 1. Geological sketch map of Central-North Africa (western Gondwana), and location of Cameroon [11] modified from 

[12]. 

 

wrench movement (ca 613 - 585 Ma) is represented by the 

major Balché (BSZ) and “Buffle Noir”-Mayo Baléo shear 

zones (BNMB) and the synthetic shear zones represented 

by the Godé-Gormaya (GGSZ) and Mayo Nolti shear 

zones (MNSZ); the right wrench movement younger in 

age (ca 585 - 540 Ma) than the left one is represented by 

the “Vallée des Roniers” shear zone (VRSZ) and Demsa 

shear zone (DSZ) coeval with down-slip movements par-

allel to the Godé and Gormaya segments [11]. Granitic 

intrusions, mainly of Pan-African age, are widespread in 

the Poli Group (Figures 2 and 3). A Rb-Sr age of ca 590 

± 16 Ma on biotite from these rocks [9] can be approxi- 

mated to the emplacement age of the massif. The empla- 

cement of post-collisional granitoids was controlled by 

strike slip faults. The metamorphism is of medium- to 

high-pressure type and localized anatexis resulted in the 

genesis of migmatites. The associated plutonism evolved 

from calc-alkaline to alkaline compositions [21,36]. 

at the northwestern margin of the Kogué granitic batho-

liths (note that the northwestern margin of the Kogué 

granitic batholiths shall also be referred to as the Kitongo 

granite). It covers an area of ~2.34 km2, i.e. ~1.8 km in 

length and ~1.3 km in width. Detailed geological data 

from the area under study are scarce and are mainly re- 

connaissance reports. This area consists of a horst-like 

structure with many cliff-faces amongst which the Kiton- 

go cliff-face is the most important in extension (average- 

ly 250 m of escarpment); it is where galleries were dug. 

This cliff-face corresponds to the Kitongo shear zone tra- 

ce in 2 dimensional view (Figure 4). Thick overburden 

made up of huge number of boulders of various sizes 

exhibiting a chaotic aspect hampers observations. How- 

ever the continuous aspect of outcrops has enabled map- 

ping from which four main rock types were distinguished 

hereafter referred to as: the metavolcanic and metasedi- 

mentary unit, the fault rocks unit, the granodioritic unit 

and the granitic unit. Mafic dikes were also mapped but 

are relatively less important.  3. Local Geology 

3.1. Lithology 
3.1.1. Metasedimentary and Metavolcanic Unit 

The U occurrence mapped in this study (Figures 3 and 4) 

referred to as the Kitongo Uranium occurrence is located  

These rocks belong to the Poli Group and they outcrop at 

the northwest of the Kitongo granite. This unit is essen- 
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tially made up of interleaved dark grey basic meta-volca- 

nic and light grey meta-sedimentary rocks and amphibole- 

bearing schist with a strong N045-078E-trending regio- 

nal foliation. This unit is crosscut by many faults and 

fractures of various strike and dip. In certain areas, qu- 

artzo-feldspathic lenses display boudinage subparallel to 

the general foliation. S-C fabrics associated with the 

early sinistral and late dextral movements are widespread 

as well as microfolds with crenulation cleavages. 

3.1.2. Fault Rocks 

The fault rocks outcrop between the Kitongo granite and 

the granodiorite and at some locations they distinctly se- 

parate the Kitongo hornblende biotite granite from the 

Poli Group sensu strictu (Figure 4). The fault rocks are 

characterized by the interpenetration of Poli Group rocks 

and granite exhibiting a trellis aspect defining a sinistral 

shear zone ~70 m wide within which a well developed 

mylonitic foliation (N050-N080E, 70SE to vertical) is 

 

 

Figure 2. Structural map of the eastern province (coastal region, [11] modified from [29] see location box in Figure 1). 1: 

Quaternary sediments; 2: Neogen volcanics; 3: Mesozoic sediments (Benue Trough); 4: Late syntectonic subalkaline grani-
toids; 5: Lom syntectonic basin (meta-sediments, conglomerates, volcanic ashes and lavas); 6: Western Cameroon Domain 

(WCD; early syntectonic basic to intermediate calc-alkaline intrusions, 660 - 600 Ma); 7a: Poli Group (active margin Neo-
proterozoic supracrustal and juvenile intrusions) 7b: Yaoundé Group (intracratonic deposits); 8: Massenya-Ounianga grav-

ity highs (10 - 30 mGal); 9: Adamawa-Yadé and Nyong Paleoproterozoic remnants; 10: Craton and inferred craton; 11: Ef-
fective elastic thickness curves (km), [30] ;12 - 17 = Structural elements: 12: Foliation and lineation trends; 13: upright and 

overturned antiforms; 14: Main frontal thrust zone (exhumation); 15: Main thrust zone likely associated to crust redoubling 
zone; 16: Right lateral sense of wrench movement; 17: Left lateral sense of wrench movement. Large grey arrow represents 

regional mainstress direction controlling crust thickening and sinistral wrench movement, respectively. 
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Figure 3. Geological map of the Poli region, modified from [16]. (1) Post Pan-African cover; (2) Post tectonic Godé type 
granitoids/Syn-to-tardi tectonic Kogué type granitoids (Hbl-Bt granites); (3) Hbl-Bt ± Grt Pan-African orthogneisses; (4) 
Ms-Chl schists; (5) Goldyna metarhyolites; (6) Ep-Chl Metabasalts; (7) Bt-Ms ± Grt-St-Ky Micaschistes; (8) Bt and Bt-Hbl 

gneisses; (9) Undifferentiated gneisses intercalating with bands of Grt-Ky-Bt metapelites; (10) Mylonitic gneisses associated 
with Grt-Cpx-Opx-Pl bearing granulitic metabasites; (11) Stike-slip fault; TBF represents the Tcholliré-Banyo Fault which is 

the limit between the Adamawa-Yadé Domain and the north-western Domain. 

 

 

Figure 4. Geological map of the Kitongo Uranium deposit, which is structurally dominated by early ductile PSF ENE-WSW 

trending fault and late overprinting brittle conjugate (R’) faults. Intersections between ENE-WSW trending faults and R’ 
faults are the most important sites for uranium. The terminology PSF is from [37]. 
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discernable (Figures 4 and 6). Both the granitic rocks 

and metasediments/metavolcanics are affected with no 

evidence of localized partial melting (Figures 5(a)-(b) 

and Figure 7). 

granodiorite include a stretching lineation as well as mi-

cro S-C fabric in the groundmass. These features are re- 

miniscent of microshearing with mm-cm relative displa- 

cements. Three fault sets are recognisable in this unit, na- 

mely from the oldest to the youngest, the N022E90, N122- 

E90 and N058E90 vertical fault trends. Small ptygmatic 

folds are also present. In hand specimen, the following 

mineral assemblage is observed: amphibole, plagioclase, 

quartz, and biotite and minor muscovite and K-feldspar.  

3.1.3. Granodioritic Unit 

This rock outcrops at the NW of the Kitongo granite and 

it is separated from the latter by the fault rocks (Figure 

4). The rock is greenish and crosscut by aplitic veins. 

Two generations of granodiorite were distinguished; the 

older granodiorite outcropping as large inclusions within 

the younger one. The average orientation of the long axes 

of these inclusions as well as the mineral lineation in 

these plutons are N70-80E. Microstructures within this  

3.1.4. Granitic Unit 

In the study area three granitic facies were mapped. These 

are the porphyritic hornblende-biotite granite, the equi- 

granular hornblende-biotite granite and the microgranite. 

 

    
 

    

Figure 5. Lithologic features of the Kitongo granite (vertical views). (a) and (b) The trellis aspect of the fault rocks evidencing 
the penetration of granite within the amphiboloschist-Poli Group: Amph.sch = amphibloschist, My = mylonites, G = granite, 

m.G = micro-granite, M.B = metabasalt; normal fault markers are sub-vertical components of R’ fault system; (c) Gabbroic 
dike; (d) Lamprophyric dike on the Kitongo cliff-face. 

Copyright © 2012 SciRes.                                                                                  



A. P. KOUSKE  ET  AL. 264 

     

     

   

Figure 6. Equal area lower hemisphere stereonet projection of foliation planes within fault rocks (1, 2, 3, 4, 5 and 7) and Poli 
Group (s.s.) (6 & 8) averagely N70 trending direction. 

 

The porphyritic amphibole-biotite granite is a light co- 

loured rock characterized by the dominance of euhedral 

K-feldspar phenocrysts (2 - 3 cm long), plagioclase feld- 

spar and quartz within a biotite-amphibole dominated gro- 

undmass. The transition from this granite to the equigra- 

nular amphibole-biotite granite is gradational and it is 

marked by the steady decline in K-feldspar phenocrysts 

to medium grain size (~4 mm) and the incipient appear- 

ance of plastic deformation of the Kitongo granite to- 

wards its borders. These gradational processes are linked 

to magmatic and tectonic events interacting at large scale. 

The equigranular amphibole-biotite granite has both pla- 

gioclase and alkali feldspar and it is restricted to the Ki- 

tongo granite’s margin. The rock is medium-grained (~4 

mm) although aggregates of phenocrysts of K-feldspar 

are locally observed. Quartz grains are irregular to elon- 

gated and together with the alignment of amphibole and 

biotite these mineral phases define a strong mineral linea- 

tion and foliation. Accessory minerals in this granite fa- 

cies include chlorite and/or epidote, aegirine/riebeckite and 

disseminated sulphides. The equigranular amphibole-bio- 

tite granite exhibits clear petrographic evidence of sub- 

stantial post-magmatic recrystallization accompanied by 

a two-stage albitization occurring in successive steps. The- 

se albitization events are continuous in time and spatially 

bound to one another through fuzzy transitions. The first 

phase of albitization with weak degree was identifiable 

but in the xenoliths zone and in the porphyritic granite.  
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Figure 7. Lithologic features on the Kitongo SZ. (a) Proto-
mylonite; (b) Ultramylonites, notice the gradational contact 

between the granite and amphiboloschist (horizontal view); 
(c) Breccias occurring in both granite and fault rocks (ver-

tical view). 
 

The second albitization event was more intense and 

overprinted the first. This was only effective around fault 

intersections along the Kitongo shear zone and to a lesser 

extent on the Zenko plain, where the central (core) zone 

is surrounded by alternation of variably altered granites 

outwards exhibiting lithologic zoning. It is characterized  

by the increase in albite, while quartz and alkali feldspar 

decrease without extensive textural changes. Indeed 

where this hydrothermal alteration phase is very strong, 

albitite facies develop. With respect to the degree of al-

bitization and quartz contents, four sub-facies of the equi-

granular granite were distinguished. These facies, from 

the periphery towards the centre are as follows: the relics 

of the original equigranular granite; albitized granite; 

quartz albitite/episyenite and albitite sub-facies. The al-

bitized granite sub-facies reflect the existence of hydro-

thermal alteration gradient intensity across the granite. 

Residual quartz and plagioclase also exist as well as rare 

sulphide grains. In addition, transgranular fractures in 

this sub-facies are filled in by chlorite and/or epidote. 

The quartz albitite/episyenite sub-facies is typified by the 

total disappearance of alkali feldspar but few quartz 

grains can still be observed. The mineralogy is chiefly 

composed of albite, hornblende, aegirine, and accessory 

biotite, chlorite and/or epidote. The albitite sub-facies is 

characterized by the total replacement of alkali feldspar 

by albite. Here albite is either uniformly distributed in 

the rock or forms euhedral crystals filling the quartz dis-

solution cavities, or it forms stringers within the inten-

sively mylonitized bands along the Kitongo shear zone. 

Albitites are red in colour; quartz is totally absent al-

though silicification is often recognized in association 

with secondary calcite along microcracks; the mineral-

ogy comprises albite, aegirine and hornblende, chlorite 

and/or epidote. The microgranite is mainly found on the 

Zenko plain as 0 - 2 m thick veins and trending N160E 

(Figure 4). However, this rock facies is also found 

within the fault rocks area (Figures 5(a) and (b)). The 

mineralogy includes quartz, K-feldspar and sparse biotite 

and amphibole.  

3.1.5. Mafic Dikes 

A series of N-S-trending gabbroic and lamprophyric dikes 

cutting across the granite intrusions are clearly observed 

on the Kitongo cliff face. Gabbroic dikes are melanocra- 

tic and massive and very hard and are characterized by 

inequigranular assemblage made up of fine grains of py- 

roxene, hornblende and phenocrysts of plagioclase (Fig-

ure 5(a)). The lamprophyric dikes also occur on the Zen- 

ko plain where they are only a few meters thick and trend- 

ing N160 (Figure 4). On the cliff face these dikes dip at 

40˚ to 50˚ SW and vary between 0.7 to 1.8 m in width 

(Figure 5(b)). These dikes are greyish in colour, dense 

and fine-grained. The mineral assemblage includes very 

fine grains of biotite, hornblende and pyroxene. 

3.2. Fault Zone Architecture of the Kitongo U 
Occurrence  

The fault zone is the single most important feature in the 

Kitongo area related to the U concentration. It is there- 

fore treated here in greater details. The fault zone at the 
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Kitongo U occurrence includes the Kitongo SZ charac- 

terized by ductile and plastic deformations, and the con- 

jugate fault system made up of brittle structures over- 

printing the SZ. 

3.2.1. The Kitongo SZ 

The Kitongo granite margin at the studied locality is out- 

lined by the Kitongo shear zone (PSF) well exposed along 

the fault rocks. The studied section of the shear zone mea- 

sures about 1.6 km in length and its trend varies between 

NE to ENE (Figure 4). This is a sinistral shear zone with 

two different textures including mylonites and breccias. 

The mylonitic fault rock that shows relatively sharp con- 

tacts with the granite includes both protomylonites (Fig-

ure 7(a)) and ultramylonites facies (Figures 7(b) and (c)) 

are commonly associated to stylolites. The plastic defor- 

mation at Kitongo includes pervasive mineral lineation 

and linear fabrics defined by xenoliths within the grani- 

toid. At outcrop scale the mineral lineation has the fol- 

lowing attitude: N050-070E, ≥65˚SE (Figure 8(a)). This  

 

 
(a) 

 
(b) 

Figure 8. Equal area lower hemisphere stereoplots of (a) 

mineral lineation; (b) Xenoliths trend. 

trend is sub-parallel to the general orientation of the Ki- 

tongo SZ. Abundant xenoliths predominantly grey in co- 

lour were observed at the study section of the Kitongo 

granite. They are mostly lensoid in shape and range from 

millimetre to 1.5 m in size and their modal compositions 

generally correspond to micro-granodiorite. They are com- 

mon in the equigranular granite (Figure 9(a)) and within 

the fault rocks (Figures 9(b) and (c)). The xenoliths 

alignment defines a fabric that trends N050-066E, ≥65˚SE 

(Figure 8(b)).  

 

 

 

 

Figure 9. Xenoliths on outcrop: (a) Densely packed xeno-
liths within equigranular granite; (b) Mega xenoliths within 

the fault rocks; (c) Micro-granodioritic xenoliths containing 
porphyritic alkali feldspar (horizontal view). 
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3.2.2. The Conjugate Fault System  

Numerous near-parallel closely spaced and steeply dip-

ping normal faults (R’ fault) and fractures developed at 

high but variable angles to the PSF (Figures 4 and 10) 

extend into the surrounding granitoid, configuring it into 

numerous triangular to irregular blocks (Figure 4). The 

sub-vertical component of these conjugate faults and frac- 

tures represented on Figure 4 were recorded in fault rocks 

(Figures 5(a) and (b)). This conjugate faults system cor- 

responds to a younger tectonic event overprinting the PSF. 

Breccias occur locally in granite and mylonites as a result 

of the intersection of these conjugate faults with the PSF 

(Figure 7(c)). Based on the bisectors between the Kiton- 

go SZ and these R’ faults, seven fault orientations were 

discerned including: the NE-SW-trending (35˚ - 53˚) co- 

planar and steeply dipping (70˚ - 85˚NW to vertical), the 

ENE-WSW-trending (58˚ - 70˚) steeply dipping to verti-

cal, the E-W-trending (85˚-98˚) steeply dipping (72˚ - 

80˚S to vertical), the ESE-WNW-trending (105˚ - 120˚) 

steeply dipping (64˚ - 85˚SW to vertical), the SE-NW- 

trending (126˚ - 145˚) coplanar and steeply (68˚ - 84˚SW 

to vertical), the SSE-NNW-trending (148˚ - 167˚) copla-

nar steeply dipping (67˚ - 88˚WSW, ENE to vertical) struc- 

tures and the N-S-trending (010, 170 - 177) coplanar st- 

eeply dipping (58˚ - 88˚E or W to vertical) structures. 

The ENE-WSW faults system comprises two parallel 

faults including the Kitongo SZ (PSF fault) that trends 

N050˚ - 080˚, 70SE (Figure 4). These features together 

with the late mafic dikes (Figures 5 (c) and (d)) suggest 

extensional deformation and the extension direction in-

ferred from stereonet plots of the conjugate faults is par-

allel to the Kitongo SZ (WSW- ENE) (see Figure 11). 

4. Radioactivity 

Thick overburden at Kitongo masking the most important 

part of the mineralized zones has complicated surface 

radiometric patterns. Additionally, it has not been possi- 

ble to investigate over the Kitongo cliff-face due to its 

vertical slope. However radiometric prospection using a 

hand held scintillometer over the study area enabled the 

identification of four U-anomalies aligned in the same 

trend. This spotted mineralization occurred at fault inter-

sections of the ENE-WSW-trending faults and the over-

printing Riedel fault system. The country rock is the horn- 

blende-biotite equigranular granite that has experienced 

various forms of alteration at these intersections notably 

mylonitization along the Kitongo SZ, albitization, hae- 

matitization, silica dissolution, chloritization and uranium 

mineralization. The intensity of the alteration decreases 

away from the intersections that served as pathways for 

the hydrothermal fluids. This spatial distribution of min- 

eralization at fault intersections therefore reflects an es- 

sential relationship between fault movement, mineralize- 

ing fluids and subsequent U-ore deposition. Very high 

radiometric values, up to 3500 cps (count per second) 

were recorded in the red albitites from fault intersec-

tions, while red albitites along the PSF, away from fault 

intersections showed only background values as well as 

the equigranular granite weakly altered during the first 

phase albitization alone. Uranium mineralization is 

clearly hosted in aureoles of hydrothermally-altered 

rocks and was controlled by the intersections of per-

pendicular to sub-perpendicular fault sets to the ENE- 

WSW-trending faults. Additionally, the highest uranium 

content, of the order of 0.22% U3O8 was recorded along 

the Kitongo SZ at its intersection with the N160E faults 

(R’ fault), where red albitites pervade the fault rocks 

thus, this intersection is actually the main U-ore hosting 

structure (Figure 4). 

5. Whole Rock Geochemistry  

Samples used in this study were exclusively collected 

from outcrops. Whole rock geochemistry was performed 

at Alex Steward Laboratory Group (OMAC) in Ireland 

after a sample preparation consisting of crushing and pul- 

verizing at OMAC Cameroon. The samples were fused 

with lithium metaborate and lithium tetraborate at 1000˚C 

in a graphite crucible furnace. Processed samples were 

then dissolved in dilute HNO3 and analyzed by ICP-AES 

for major elements. The same solution was analyzed by 

ICP-MS for a suite of elements consisting of trace ele- 

ments including REE. The major, trace and REE data for 

the representative rock samples from the study area are 

given in Table 1. 

 

 

Figure 10. Illustration of closely spaced and steeply dipping 
normal R’ faults overprinting the Kitongo SZ (horizontal 

view).  
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Figure 11. Equal area lower hemisphere stereonet projection of fault planes at the sites of measurement I to V and joints; 

these faults correspond to the R’ faults system overprinting the Kitongo. Large black arrows = direction of extention, small 
arrows indicate the “slicken side sense” of the movement. Note the NE-SW extension and the associated NW-SE main stress 

direction inferred from the Riedel fault model. 

 

5.1. Major Elements whole, the wide distribution of rock types on the K2O vs. 

SiO2 diagram (Figure 12(b)) is consistent with the de- 

gree of hydrothermal alteration characterized by the de- 

pletion in K2O. A definite calc-alkaline differentiation trend 

is indicated by all the samples on the Na2O + K2O – FeOt 

– MgO (AFM) ternary plot (Figure 12(c)). The Al2O3/ 

(CaO + Na2O + K2O) versus Al2O3/ (Na2O + K2O) [A/ 

CNK vs. A/NK] diagram [42] (Figure 12(d)), shows 

clustering close to the dividing lines between metalumi-

nous and peralkaline fields but the metaluminous nature 

of the granitoids is further substantiated by the presence 

of calcic phases such as hornblende.  

The equigranular and porphyritic granite have 62.89 - 

70.91 wt% SiO2 and Al2O3 values that range from 13.16 - 

18.59 wt%. Their MgO content is low, 0.02 - 1.03 wt% 

as well as CaO (0.24 - 1.88 wt%) and K2O (0.08 - 5.32 

wt%) while they have higher Na2O content (4.33 - 10.92 

wt%). The fault rocks have variable composition with 

wide variation in major element abundances (57.74 - 

70.86 wt% SiO2, 14.63 - 18.06 wt% Al2O3, 1.46 - 3.70 

wt% CaO, 5.58 - 9.75 wt% Na2O, 0.50 - 2.81 wt% K2O, 

0.93 - 1.07 wt% MgO, 4.52 - 4.99 wt% FeOt) reflecting 

geochemical redistribution of elements during fluid cir-  On the Harker binary diagrams, granitoids and their 

fault rock derivatives form mixed clusters (Figure 13). 

An overall decreasing trend of CaO, FeOt, and MgO with 

progressive increase of SiO2 signifies the early crystalli- 

zation of mafic minerals, while the downward trend of 

Al2O3 is consistent with feldspar crystallization. K2O and 

Na2O exhibit sympathetic relationship with SiO2 which is 

in accordance with the empirical law of differentiation 

where orthoclase is enriched in late phase differentiation. 

culation within the shear zone. The geochemical classi- 

fication of the rock units in the Kitongo area is shown on 

the total alkali-silica (TAS) diagram [38] (Figure 12(a)). 

Rock samples from the Kitongo U deposit fall in granite 

(s.s.) and syenite fields in TAS diagram (Figure 12(a)). 

On the basis of the classification scheme [39] (Figure 

12(b)) rock specimens of the Kitongo U occurence show 

wide distribution from tholeiite to shoshonite series. As a  
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Hence, a moderate to strong magmatic fractionation is 

inferred. 

On the geotectonic discrimination diagram based on 

multicationic R1-R2 factor [43], the equigranular granite  

plots dominantly in the anorogenic field as well as the 

microgranite. The granodiorite shows wide distribution 

from post-collisional to syn-collisional and late orogenic 

fields (Figure 14(a)). 
 

Table 1. Whole rock chemical composition of selected samples from the Kitongo U occurrence. 

 Unaltered rocks 
Altered and weakly 

mineralized rocks 
Mineralized rocks 

Sample ID 
KIT 

1-1 

KIT 

3-3 

KS 

9-1 

KS 

17-2 

KS 

17-3 

KS 

5-4 

KS

4-3

KS

4-4

KS

5-3

KS

22

KS

2-1

KS

3-1

KS

7-1

KS

8-1

KS 

8-2 

KS 

10 

KS 

11-2 

KS

12-2

KS

23

Major elements 

(wt%) 
                   

SiO2 70.91 69.78 70.46 67.60 70.86 69.40 65.48 67.07 71.12 57.74 64.59 62.89 64.74 64.82 65.38 63.72 64.02 61.41 58.37

TiO2 0.30 0.27 0.50 0.51 0.46 0.27 0.28 0.30 0.26 0.51 0.32 0.26 0.46 0.32 0.31 0.34 0.28 0.57 0.60

Al2O3 13.16 14.83 14.63 14.02 13.51 14.67 18.10 18.59 14.90 18.06 18.17 17.52 17.13 18.14 18.02 18.06 18.03 17.37 16.57

Fe2O3 3.85 3.10 4.52 3.81 3.57 3.63 2.83 2.99 3.45 4.76 3.48 3.35 5.07 4.15 4.11 3.97 3.59 4.99 4.69

MnO 0.061 0.063 0.096 0.063 0.051 0.063 0.039 0.044 0.063 0.087 0.061 0.067 0.067 0.071 0.065 0.090 0.079 0.096 0.121

MgO 0.12 0.20 0.98 1.03 0.85 0.02 0.03 0.04 0.03 1.07 0.16 0.08 0.10 0.07 0.09 0.09 0.11 0.96 0.93

Cr2O3 0.054 0.035 0.039 0.031 0.053 0.037 0.027 0.026 0.022 0.038 0.027 0.034 0.035 0.027 0.029 0.037 0.028 0.028 0.035

CaO 0.81 0.76 1.46 1.88 1.76 0.34 0.24 0.24 0.38 1.82 1.40 0.94 0.70 0.71 0.63 1.33 1.66 1.81 3.70

Na2O 4.33 5.19 5.58 4.80 7.13 6.63 9.95 10.87 8.53 9.58 10.58 10.05 10.36 10.72 10.87 10.92 10.66 9.75 9.03

K2O 5.32 5.21 2.81 3.76 0.53 2.81 0.05 0.06 0.10 0.97 0.09 0.10 0.10 0.10 0.11 0.11 0.08 0.60 0.50

P2O5 0.04 0.08 0.17 0.14 0.14 0.04 0.15 0.09 0.05 0.19 0.55 0.12 0.11 0.11 0.09 0.09 0.07 0.25 0.25

LOI 0.26 0.58 0.70 0.34 0.86 0.32 0.84 0.64 0.68 1.88 0.58 1.12 0.44 1.12 0.94 1.46 1.47 1.02 2.90

Total 99.21 100.09 101.95 98.00 99.76 98.25 98.02 100.97 99.60 96.71 100.01 96.53 99.33 100.35 100.64 100.22 100.09 98.85 97.70

Trace elements 

(ppm) 
                   

Sn 2 2 2 4 3 2 2 1 2 2 2 1 3 1 b.d.l. 2 3 2 2 

Ba 107.2 541.1 689.1 562.8 520.5 45.6 45.3 50.2 41.0 647.2 143.6 196.5 56.4 22.6 29.2 29.0 24.3 245.5 448.9

Nb 112.9 150.4 91.1 97.3 63.0 77.9 149.3 130.9 55.0 124.8 91.8 173.9 83.0 43.9 40.6 52.3 54.9 157.6 96.6

Ta 0.5 1.2 1.4 2.2 1.7 0.3 0.8 0.9 0.4 0.9 1.0 1.0 0.8 2.6 1.4 1.0 0.6 0.7 1.2

Zr 692 484 400 333 313 757 559 682 638 521 638 681 1189 938 888 846 737 482 365

Y 35.3 40.7 33.0 59.9 39.9 27.4 27.5 29.0 24.8 27.9 58.7 39.8 38.8 20.4 21.5 36.6 31.3 36.7 36.7

Sr 64.0 105.7 181.7 267.1 253.6 13.4 60.9 50.5 12.6 474.4 211.7 59.1 41.1 62.1 56.8 117.3 151.0 181.8 508.3

Rb 56.3 49.6 65.5 92.8 21.2 31.3 1.9 1.8 3.5 39.4 2.2 3.0 1.4 2.8 3.0 1.9 1.6 22.4 22.5

Ga 19.2 22.0 18.6 23.6 22.2 24.0 29.9 30.2 25.1 24.8 27.0 24.0 29.7 28.3 28.6 27.9 27.0 22.9 21.6

Zn(b) 80 110 91 126 95 113 46 82 113 118 101 165 132 57 78 111 100 129 107

Hf 16 13 9 10 10 17 14 16 14 12 16 15 26 18 19 18 16 13 10

W 1.0 1.7 0.7 b.d.l. b.d.l. 0.9 b.d.l. b.d.l. b.d.l. 0.5 b.d.l. 0.5 b.d.l. 0.5 0.8 b.d.l. b.d.l. b.d.l. 0.5
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Continued 

Th 12.3 6.7 6.5 5.9 5.7 12.3 10.1 10.6 14.0 10.6 8.2 6.9 18.4 10.1 10.2 9.8 8.5 5.6 6.2

U 4.2 1.2 2.4 2.6 2.0 5.1 20.5 18.3 11.3 14.9 651.1 627.9 88.9 188.8 176.0 119.5 513.8 536.0 147.5

Li (b) b.d.l. b.d.l. 29 26 11 b.d.l. b.d.l. b.d.l. b.d.l. 29 9 b.d.l. 10 b.d.l. 2 2 6 9 13

V 8.3 b.d.l. 44.9 33.8 29.2 b.d.l. 6.2 5.3 b.d.l. 38.3 13.5 7.2 10.9 b.d.l. 5.3 6.4 9.0 34.8 33.7

Pb (b) 13 15 12 15 15 10 6 8 13 12 115 55 22 18 20 20 16 52 22

Rare earth  

elements (ppm) 
                   

La 198.4 68.6 49.2 42.7 49.1 173.2 148.4 149.9 213.1 86.5 107.8 139.2 237.7 184.6 184.5 184.6 160.9 28.8 58.6

Ce 408.1 150.1 103.9 98.6 100.7 369.9 316.8 313.9 443.0 176.4 223.2 279.7 488.3 348.0 360.6 373.1 321.2 62.9 118.7

Pr 46.8 18.2 12.2 12.5 11.3 40.5 37.0 36.7 48.8 20.1 26.9 21.6 53.2 41.1 41.2 42.0 35.8 7.9 13.8

Nd 173.2 71.5 47.4 50.3 40.8 149.6 137.1 134.3 177.9 73.0 103.1 105.7 191.3 150.7 149.8 153.7 131.2 33.5 52.1

Sm 26.2 13.8 8.7 11.6 8.2 22.8 20.4 19.8 25.7 11.1 18.4 18.3 26.3 20.1 20.3 22.2 19.6 7.2 9.4

Eu 0.3 1.0 0.9 0.9 0.9 0.2 0.4 0.4 0.2 0.9 1.7 1.0 0.3 0.2 0.2 0.3 0.2 0.9 1.4

Gd 19.6 12.4 8.1 11.4 8.1 16.7 13.8 13.6 18.4 8.8 17.2 13.4 19.5 14.2 14.4 17.2 15.0 7.0 8.5

Tb 2.0 1.7 1.1 1.8 1.2 1.7 1.5 1.5 1.7 1.0 2.3 1.2 2.0 1.2 1.2 1.8 1.6 1.1 1.1

Dy 9.3 9.5 6.3 10.9 7.0 7.2 6.9 7.1 7.3 5.5 12.5 10.7 8.9 4.6 4.8 8.7 7.4 6.7 6.7

Ho 1.6 1.7 1.2 2.1 1.4 1.2 1.2 1.3 1.1 1.1 2.2 2.0 1.6 0.8 0.9 1.5 1.3 1.3 1.4

Er 4.5 4.8 3.6 6.2 4.0 3.6 3.2 3.5 3.3 3.2 5.9 5.8 4.9 2.5 2.8 4.4 3.7 4.0 3.9

Tm 0.6 0.6 0.5 0.9 0.6 0.5 0.4 0.5 0.4 0.4 0.7 0.4 0.7 0.3 0.4 0.6 0.5 0.6 0.6

Yb 4.0 4.1 3.5 5.4 3.9 3.7 2.9 3.1 3.2 2.9 4.6 4.6 4.9 2.2 2.7 4.1 3.6 4.0 4.0

Lu 0.7 0.6 0.6 0.8 0.6 0.7 0.5 0.5 0.6 0.5 0.7 0.8 0.9 0.4 0.5 0.7 0.7 0.7 0.6

∑REE 895.25 358.73 247.22 255.87 237.72 791.33 690.69 686.05 944.90 391.23 527.04 604.33
1040.

44 
770.91 784.23 814.82 702.63 166.71 280.50

∑LREE 852.95 323.19 222.32 216.61 210.94 756.17 660.22 655.00 908.81 367.96 481.01 565.56 997.20 744.72 756.57 775.88 668.87 141.35 253.87

∑HREE 42.29 35.54 24.90 39.26 26.79 35.16 30.48 31.05 36.09 23.26 46.03 38.77 43.24 26.19 27.66 38.95 33.76 25.36 26.63

LREE/HREE 20.17 9.09 8.93 5.52 7.87 21.51 21.66 21.09 25.18 15.82 10.45 14.59 23.06 28.44 27.35 19.92 19.81 5.57 9.53

KIT1-1, KIT3-3, KS5-4, KS4-3, KS4-3, KS4-4, KS5-3, KS2-1, KS3-1, KS7-1, KS8-1, KS8-2, KS10, KS11-2 (equigranular granite); KS17-2, KS17-3 (porphy-

ritic granite); KS9-1, KS22, KS12-2, KS23 (faults rocks). (b) Elements measured by ICP-AES. 
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Figure 12. (a) Total alkali-silica (TAS) diagram [38] for chemical classification and nomenclature of the Kitongo granitoids; 
(b) K2O vs. SiO2 diagram [39] illustrating the spread of the Kitongo granitoids from tholeiitic to shoshonitic series , see the 

text for more explanations; (c) AFM diagram of Kitongo granitoids [40]; (d) Shand’s molar parameters Al2O3/(CaO+Na2O+ 
K2O) versus Al2O3/(Na2O+K2O) [A/CNK vs. A/NK] of Kitongo granitoids [41]. 

 

 

Figure 13. Harker variation diagrams of selected SiO2 vs. major oxides for Kitongo granitoids. Symbols are the same as in 

Figure 12. 
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Figure 14. (a) R1-R2 multicationic [43] diagram showing various tectonic fields [44]; (b) Ta-Yb discriminant diagram show-

ing tectonic settings of Kitongo granitoids [45]. Symbols are the same as in Figure 12. 

 

5.2. Trace Elements porphyritic granites) of the Kitongo U occurrence show 

enrichment (237.7 to 1040.4 ppm; average 673.7 ppm). 

The granites exhibit similar REE, LREE and HREE dis- 

tribution patterns, high LREE abundances and compara- 

tively low HREE abundances. In addition chondrite-nor- 

malized REE patterns (Figure 15(a)) for these granites 

are characterized by moderate fractionation of LREE to 

HREE with (La/Lu)N and (Ce/Yb)N values ranging from 

5.84 to 43.53 and 4.75 to 40.27, respectively (La/Sm)N 

ratios of 2.32 to 5.78. The chondrite- normalized REE 

patterns for the fault rocks (Figure 15(b)) are character- 

ized by moderate fractionation of LREE to HREE with 

(La/Lu)N and (Ce/Yb)N values ranging from 4.43 to 19.48 

and 4.05 to 15.98, respectively. Both the granites and the 

fault rocks of the Kitongo area have strong negative Eu 

anomalies (Figures 15(a) and (b)) but this is more pro- 

nounced in the granite (Eu/Eu* = 0.03 to 0.33) as com- 

pared to the fault rocks (Eu/Eu* =0.28 to 0.48). The 

negative Eu anomaly in the granites typically suggests 

feldspar fractionation or indicates separation of melt 

from a plagioclase-rich source. 

The U content of the equigranular granite reaches a ma- 

ximum value of 651 ppm while the Th concentration is 

low (18 ppm). The HFSE show moderate to high enrich- 

ment in the granites (Ce up to 488 ppm), Zr (1189 ppm), 

Y (59.9 ppm), Nb (173.9 ppm), Pb (115 ppm) while the 

transition elements exhibit moderate enrichment (Zn: 46 

- 165 ppm; Ga: 19 - 30 ppm). Amongst the large ion li- 

thophile elements (LILE), Rb (1.4 - 92.8 ppm) Sr (13.4 - 

267.1 ppm) and Ba (22.6 - 562.8 ppm) show moderate to 

high abundances. Predominance of Sr over Rb is indi- 

cated by low Rb/Sr ratio (average 0.31) which is more 

akin to a mantle source, while Rb/Ba and Sr/Ba ratios are 

0.14 and 1.48, respectively. The fault rocks show differ- 

ent trace element characteristics when compared to the 

fresh granite (Table 1). Uranium concentration here ranges 

from 2.4 to 536 ppm while Th values range from 5.6 to 

10.6 ppm. The subduction-related arc magmatism is in- 

dicated by Yb and Ta plot [45] where all of the study 

rocks spread in fields of volcanic arc granite (VAG) and 

within plate granite (WPG), except for the microgranite 

that falls in the field of syn-collisional granite (syn-CO- 

LG) (Figure 14(b)).  6. Hydrothermal Alteration 

The hydrothermal alterations experienced by the host gra- 

nite and associated fault rocks such as albitization, haema- 

titization and uranium mineralization are discernable from 

the whole rock geochemical data. The alteration of K-feld- 

spar to albite is evidenced by a sharp decrease in K con- 

5.3. Rare Earth Elements  

With regards to REE geochemistry, all the samples have 

moderate to high LREE contents and comparatively low 

content of HREE. The REE data for granites (equi- and  
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centration (from ~5.32 wt% in the fresh rock to ~0.08 

wt% in the ore zone granite, and from 2.4 wt% in the 

fresh rock to ~0.5 wt% in the mineralized fault rock) and 

by corresponding increase in Na (from ~4.33 wt% to 

10.92 wt% in the fresh granite and from ~5.58 wt% to 

9.75 wt% in fault rocks (Table 1, Figure 16(a)). The 

decrease of K is probably enhanced by the chloritization 

of biotite although the amount of biotite in the fresh 

rocks is relatively small. Fe and Mg vary slightly from 

~3.10 wt% to ~5.07 wt% and ~0.02 wt% to ~0.16 wt%, 

respectively, from fresh granite to ore zone granite, and 

from ~3.81 wt% to 4.99 wt% and ~0.98 to ~0.96 wt% 

respectively from the barren to the mineralized fault rock. 

Al increases (from ~13.16 wt% in unaltered granite to 

approx. 18.17 in mineralized granite) and (from ~14.63 

wt% to ~17.37 wt% respectively from barren to miner- 

alized fault rocks). P2O5 slightly increase (from ~0.04 

wt% to 0.55 wt% from barren to mineralized granite 

zone) and (from ~0.17 wt% to ~0.25 wt% respectively 

in barren and mineralized fault rocks. The increase of 

P2O5 in ore zones signifies that apatite continued to form 

during the main ore stage. Formation of calcite is reflected 

by increased Ca contents (from average ~0.34 wt% 

 

 

 

Figure 15. (a) Chondrite-normalized REE patterns of Ki-
tongo granite; (b) Chondrite-normalized REE patterns of 

faults rocks. Normalized values [46]. 

 

 

 

Figure 16. Whole rock geochemistry of granitoids from Ki- 

tongo uranium occurrence, with K, Ca, and U plotted as 
function of degree of albitization (expressed as K – (Na + 

Ca). (a)-(c) mineral change: A = unaltered rocks; B = al-
tered and weakly mineralized rocks; C = highly altered and 

mineralized rocks, formation of U-mineral. The evolution 
trend is highlighted by arrowed hyperbole curve. The ellipse 

shows the positive correlation between albitization and U- 
mineralization. 

 

to average ~1.6 wt% with few samples of up to 6.5 wt% 

(Figure 16(a)). The granite host rock U concentrations 

vary from 1.2 to 5.1 ppm (Table 1) with an average of 

2.99 ppm, approximately equal to those in typical granite 

which contains ~3.2 ppm [47] and therefore are not U 

fertile granite. The formation of U minerals is reflected 

by the increase in U concentration from an average of 

~3.40 ppm to ~651 ppm in ore zones (Table 1 and Figure  
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16(c)). Figure 16(c) shows that the main U-ore stage is 

directly related to albitization as an increase in U con-

tent positively correlates with the decrease in K. The 

increase of Ca contents follows almost a similar pattern 

to that of U, increasing slightly during albitization and 

correlating positively with albitization expressed as K – 

(Na + Ca) more at low K concentrations (Figure 16(b)). 

Considering the evolution of K, Na and Ca concentra-

tions (Figure 16), it appears that Na was continuously 

added to the system, whereas Ca increased only after 

initial albitization was almost complete although some 

samples show increasing Ca before this stage. K, Rb, 

Nb, Ba and Si seem to be the only elements removed 

from the system whereas Pb, Zn, Ga, Hf, Sr, Fe, Al, P 

and Zr were added during alteration and mineralization 

in addition to U, Na and Ca (Table 1). 

Variation in Th/U ratios (0.01 - 5.64 and 0.01 - 2.72) 

with lower average values (1.26 and 0.87) respectively in 

granite and fault rock as compared to global Th/U ratio 

of 3.8 [48,49] suggests U mobilization in the system lead- 

ing to either selective enrichment or depletion. Figure 17 

however suggests that there is no increase of Th contents 

with the increase of U. Thus all the recorded radiometric 

anomalies are due to uranium. 

7. Discussion  

7.1. Petrology and Rock Classification 

Pluton margins are likely to be broadly schistose or my- 

lonitic in plutons emplaced diapirically when the body 

was more than 70% crystallized notably along zones of 

ductile shear [50]. The syn- to late-tectonic Kogué mas- 

sif in this study is a diapir whose emplacement was fa- 

vored by the density contrast between the massif and the 

country rock under greenschist facies metamorphic con- 

ditions [36]. The detailed field mapping presented here  

 

 

Figure 17. Whole rock Th and U concentration of grani-
toids from Kitongo uranium occurrence. No increase of Th 

contents is observed with the increase of U. 

shows that the lithology at the Kitongo U occurrence com- 

prised granodiorite, granite locally associated with mafic 

dikes and fault rocks made up of a mélange of two dis- 

tinct rock types: the metamorphic rocks of the Poli Group 

and the Kogué granite. 

The Kitongo granitoids belong to the tholeiite to sho- 

shonite series exhibiting low to high K/Rb ratios respect- 

tively. It is proposed that the magma which gave rise to 

the tholeiittic series, came from an intermediate differen- 

tiating magma. The probable explanation for the tholeii- 

tic character of some samples of both granite and fault 

rocks is hydrothermal alteration that lowered the K con- 

tent of the rocks. I-type granites are metaluminous to weak- 

ly peraluminous (ASI between 0.99 and 1.8) and com- 

monly contain biotite, hornblende and titanium [51]. The 

weakly aluminous and peralkaline Kitongo granitoids have 

clear I-type characteristics. Further, these rocks were ge- 

nerated at a collisional tectonic environment involving 

lower crustal-upper mantle source material, which under- 

went fractional crystallization as evidence by anthipathe- 

tic relationship of SiO2 with CaO, FeOt, MgO and Al2O3 

and sympathetic relationship between K2O and Na2O.  

7.2. Trace and Rare Earth Elements 

In the Yb and Ta plot [45], the studied rocks spread in 

fields of volcanic arc granite (VAG) and within plate gra- 

nite (WPG), except for the microgranite that falls in the 

field of syn-collisional granite (syn-COLG). This overlap 

sample data set in VAG and WPG fields is perhaps pro- 

duced by both the differentiation trend and/or character- 

istics of the source rocks [52]. The REE data for granites 

(equi- and porphyritic granites) of the Kitongo U occur- 

rence show an enrichment (237.7 to 1040.4 ppm; average 

673.7 ppm) compared to the average global REE content 

of about 250 ppm for granites in general [53]. Note that 

the sum of REE in acid and intermediate rocks ranges 

from 220 - 350 ppm [54] and their abundance in the upper 

crust is 156 ppm [48]. The REE enrichment in the Ki- 

tongo granite is similar to the REE enrichment in the 

granite rocks of Ado-Ekiti-Akure area, SW Nigeria [55] 

and the Pan-African granites of Obudu Plateau South- 

eastern Nigeria [56] but more than four times higher than 

those for the No. 302 uranium deposit in Northern Guang- 

dong, South China [57] and more than four to five times 

lower than those of the granitoids of the Kinwat Crystal- 

line Inlier, Nanded and Yeotmal Districts Maharashtra 

[58]. In addition, the granites at Kitongo show LREE-en- 

richment compared to the composition of the average 

upper crust. LREE-enrichment is common in calc-alka- 

line rocks [59,60]. Eu depletion depicted by a strong Eu- 

anomaly in both mineralized and barren granitoids and 

the fault rocks suggests that these rocks have experienced 

feldspar differentiation. 

Copyright © 2012 SciRes.                                                                                  IJG 



A. P. KOUSKE  ET  AL. 275

7.3. Structure and Structural Control on 
U Mineralization  

The internal fabric of the pluton is linked to both magma- 

tic features developed during emplacement and deforma- 

tion [61-66]. The strong foliation recorded within the fault 

rocks and the Poli Group strikes N050-080E and dipping 

70˚SE (Figure 6 and Figure 7(c)) to vertical. The latter 

deformation is compatible with the sinistral and dextral 

strike-slip fault of the D2 deformation phase defined wi- 

thin the regional structures of the northern CAFB in Ca- 

meroon [11,67]. Mineral lineation has N050-070E direc- 

tion and plunge values ≥ 65˚ SE and the preferred orient- 

tation of xenoliths (N050-066 SE with dip ≥ 65˚SE) are 

both parallel to the PSF, the foliation in the fault rocks as 

well as the extension direction. The pitch of the lineation 

and sense of foliation dip show that sinistral movement 

in Kitongo SZ includes a reverse component that indica- 

tes oblique ascent of the Kogué granite northwestward 

during syntectonic emplacement ; this fact is evidenced 

on Figure 7(c). 

Within strike-slip fault systems, synthetic (P) and an-

tithetic (R’) faults commonly intersect at high angles for- 

ming a rhomb-shaped fault network [68]. The bulk per- 

meability structure and strength of a fault zone are con- 

trolled by preexisting and newly developed structures, 

the regional and local stress state, fault-zone geometry, 

and changes in lithology resulting from the coupling of 

mechanical, thermal, fluid flow, and reactive geochemi- 

cal processes [69]. Fluid flow in fault zones can control 

the location, emplacement, and evolution of economic 

mineral deposits and geothermal systems [70-73]. Further- 

more, many hydrothermal deposits within metallogenic 

belts are linearly distributed, as best illustrated by those 

around the Pacific Rim [74]. The Kitongo fault zone con- 

sists in a conjugate fault system overprinting the earlier 

ENE-WSW-trending SZ referred to as the PSF and along 

which mylonites are the major observed features. The Rie- 

del fault system defines an extension direction parallel to 

the PSF (ENE-WSW). This fault architecture is compati- 

ble with the NW-SE stress direction controlling the 

nearby “Vallée des Roniers” dextral SZ (VRSZ) directed 

E-W and its N110 synthetic across the Kogué granite. 

From the Riedel model (Figure 4) and the occurrences of 

dextral kinematic markers in the PSF, this ductile fault 

could have been reactivated and operated as the VRSZ 

synthetic P fault during dextral evolution. Tectonic reac- 

tivation plays a significant role in the mineralization pro- 

cess by providing channel-ways coeval with block move- 

ments on deep faults/fractures which sustain hydrother- 

mal circulation system [68]. Fault intersections over the 

margin of the Kitongo granite yielded to high-permeabi- 

lity channels having trapped the uranium mineralizing 

fluids, and the horizontal section of the distribution of  

mineralized shoots conforms to the final stage of anoma- 

lous structures of geochemical fields of hydrothermal ore 

deposition [75], where hydrothermal alteration led to zo- 

ning marked by alternation of variably alterated granites 

surrounding the mineralized core zones. The spotted U- 

mineralization mapped here occurs at fault intersections 

between the Riedel fault system and the SZ and parallel 

to it, reflecting the deep traces of the Kitongo strike-slip 

faults [74]. 

7.4. Relationship between Albitization and  
Uranium Mineralization and Type of U 
Mineralization 

The relationship between the main alteration event and 

the uranium mineralization can be used for defining the 

genetic type of uranium occurrence [76]. Syn-ore zircon 

precipitated simultaneously with newly formed albite, 

which would suggest an immediate relationship between 

albitization and uranium mineralization [77]. The main 

uranium mineralization in similar deposits is often not 

related to the main albitization event but clearly removed 

in time from it [76]. However, the observations presented 

above differ from these interpretations. Field surveys ha- 

ve revealed a two-stage albitization over the Kitongo ura- 

nium occurrence. The second albitization event overprint- 

ing the first one was more effective at faults intersections. 

The whole rock geochemistry indicates that albitization 

was contemporaneous with uranium mineralization posi- 

tively correlated. Albitization evidenced by the formation 

of albite, decrease of K within the U-bearing lithologies 

(granite and fault rocks 5.32 - 0.08 wt% and 2.4 - 0.5 wt% 

respectively) and increase of Na (4.33 - 10.92 wt% and 

5.58 - 9.75 wt% respectively in granite and the fault 

rocks, Table 1, Figure 16) is followed by the formation 

of calcite. The latter increases slightly during albitization 

from 0.34 up to 6.5 wt% and positively correlates with 

albitization mostly where albitization was intense (Figure 

16). The main uranium mineralization is thus related to 

the second albitization event that has overprinted the first 

albitization phase at fault intersections. This mineralizing 

event is probably associated in time with the calcite- ura-

nium stage and it is characterized by locally abundant U, 

Pb, Zn, and Ga enrichment. Albitization promoted sub-

sequent fluid circulation (for the main stage U minerali-

zation) by creating a more brittle and permeable rock 

assemblage. The high U contents in the host rocks are not 

the main factor controlling the intensity of uranium min-

eralization. Whether the granite is associated with miner-

alization or not and form lean ores or high-grade ores 

was determined by the degree of uranium mobilization. 

Hydrothermal activity remobilizes fixed U into fluid phase 

[57] and eventually transports it to favourable sites where 

ore precipitation is then accompanied by intense altera-

tion processes. The early stage altered hydrothermal fluid 
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is an omen for large-scale mineralization; it can not only 

change the state of U and cause the mobile U increase, 

but also provide a partial uranium source [78]. Thus, the 

Kitongo U occurrence can be classified as Na-metasoma-

tism related, in agreement with [76,77]. 

8. Conclusions  

The following conclusions can be drawn. 

It has not been possible to carry out surface radiometry 

on the whole prospect due to vertical cliff-faces and thick 

overburden masking the most important parts of the area. 

The main rock types at the prospected area comprise: 

the metavolcanic and metasedimentary unit, the fault rocks 

unit, the granodioritic unit and the granitic unit; U occur- 

rence is hosted by granitic rocks that include interleaved 

sequence of metasedimentary and metavolcanic rocks of 

the collectively termed Poli Group.  

Uranium shoots at the Kitongo area are controlled by 

ENE-WSW-trending strike-slip faults. However miner- 

alization does not occur uniformly along this fault. The 

most important segments hosting uranium shoots in the 

area are those intersecting with late Pan-African Riedel 

fault system. 

The Kitongo U occurrence in northern Cameroon is 

Na metasomatism-related and characterized by local al- 

bitization of the host rock granite (U content up to 651.5 

ppm) that is part of the Kogué batholith and the and my- 

lonitic fault rocks (0.22% U3O8) following the shear zone. 

In addition, all the recorded radiometric anomalies are 

due to uranium. 

The main uranium mineralization is related to the sec- 

ond albitization event that has overprinted the first al- 

bitization phase at fault intersections with SZ. This min- 

eralizing event is probably associated in time with the 

calcite-uranium stage. However, the importance of the 

albitization to the mineralization event, in genetic terms, 

may be in its role as potential source for uranium. Ura- 

nium concentration in unaltered rocks at Kitongo is lo- 

wer, thus it is possible that the late magmatic fluids re- 

sponsible for albitization also mobilized U as well as hy- 

drothermal activity remobilizing fixed U and making it 

available for later deposition. Thus, the uranium miner- 

alization is post magmatic and related to hydrothermal 

activities and faulting events. 

The identification of favorable ore hosting segments 

within strike-slip faults has great implication for explora- 

tion strategies. 
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