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Abstract—The Pala region of southwestern Chad 
belongs to the Central Africa mobile zone. The 
Neoproterozoic formations of the Pala region 
include metavolcano-sedimentary rocks set up in 
a back-arc basin and granitoids intruded during 
the pan-African basin closure. They were affected 
by intense NNE-SSW deformation and greenschist 
facies metamorphism. Although few studies have 
been conducted in this area, these formations 
have acknowledged concentrations in gold, 
uranium, thorium and various other metals. Here 
we realized a prospecting by gamma-ray 
spectrophotometry and analyzed 312 samples of 
sediments and rocks for U and Th. U and Th 
content were mapped to specify the areas of 
interest. The result of this research is important to 
develop geological and mining mapping, the only 
way to guide research of uranium and protect the 
environment.  
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Introduction  

Geological formations in the Pala region of Mayo-
Kebbi in southwestern Chad form part of the "mobile 
zone" [2] in Central Africa. This vast domain, 
belonging to the pan-African between 900 and 550 Ma 
[4, 18, 5] is the result of the collision between the 
cratons of Congo to the South, the craton of West 
Africa to the West and the Sahara metacraton to the 
East (Fig. 1). The Pala region lies in an intermediate 
position between the pan-African Trans-Saharan fold 
Belt thrusted westward onto the West African craton 
and the pan-African Central Africa Fold Belt thrusted 
southward onto the Congo Craton. In the Mayo-Kebbi 
region, pan-African convergence was accompanied by 
intense tectonic movements, syn- to late-tectonic 
granitization and NE-SW-oriented shear zones [19, 
10, 34, 35, 20, 8, 18]. These processes are generally 
highly favorable to the production of metal 
concentrations, but also to their remobilization, 
dissemination, differentiation and concentration in 
usable deposits. The geological area of Pala is an 
excellent metallogenic province but is, until now, 

poorly studied. Recognized mineralizations are varied 
and are particularly relevant to gold, uranium, thorium, 
arsenic, chromium, tantalum, antimony, cobalt, 
tungsten and antimony [25, 30, 16, 31]. Concurrently 
to this wealth of metals, the search for and 
exploitation of these mineralizations is hampered by 
the complexity of the deposits resulting from 
successive processes of concentration and 
dissemination. It is difficult to know where to search 
for mineralizations, which may lead to unnecessary 
work. Consequently, uncontrolled artisanal mining 
(particularly gold) is thus causing environmental 
degradation. For the research of uranium, it is 
therefore important to develop geological and mining 
mapping, the only way to guide research and protect 
the environment. This work involves targeting carriers 
and producing the distribution map of uranium and 
associated thorium concentrations. 

 

 

Figure 1. Location of the study area. CC: Congo 
Craton; SMC: Saharan metacraton ; TC, Touareg 
Craton; WAC, West Africa Craton. Zone mobile 
panafricaine: Trans-Saharian Fold Belt (TSFB) ; 
Central African Fold Belt (CAFB) ; East-African Fold 
Belt (EAFB). Black Star : area studied. 
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Location, physiography and geological settings 

The studied area is located in the Mayo-Kebbi 
region, in the South-West of Chad between latitude 
9°20’ to 9°35’ North and longitude 14°46’ to 15° East 
(Fig. 2). It belongs to the neoproterozoic basin of 
Goueygoudoum [22, 8] so named Pala Belt. The Pala 
belt-oriented SSW-NNE disappears towards the South 
in the Cretaceous basin of Lamé and towards the 
North under the mio-Holocene deposits of the Logone 
Chari basin.  

  

Figure 2. Geological map of Pala region. 1 : Paleo-
Neoproterozoic Adamaoua-Yadé Block. 2 : 
Neoproterozoic volcano sedimentary basins. 3 : 
Undifferentiated syn to post tectonic igneous rocks 4 : 
Cretaceous basins. Mio-Pliocene deposits. Box: 
Location of the study area. 

This region has a Sudano-Guinean climate 
according to the Aubréville Classification [1]. It is 
tropical semi-humid with a dry season from November 
to April and a wet season from May to November. The 
annual rainfall ranges from 900 to 1000 mm. The 
water system is dense with many water tributaries that 
feed the Mayo-Kebbi. The meandering morphology of 
the hydrographic netwook is imposed by faults 
systems that have affected the substratum. The 
average altitude is 380 meters above sea level. The 
reliefs are not much accentuated with many small 
hills. The climate characteristics have lead to the 
formation of leached tropical ferruginous soils 
composed of clay minerals (kaolinite, smectite, illite), 
iron oxides and hydroxides and quartz residual 
minerals and various heavy minerals). The area is 
covered by thick ferruginous soils and lateritic 
carapace and shows only few bedrock outcrops. The 
Pala belt outcrops between the Torrok village in the 
north and Pala in the south where it is covered by the 
Cretaceous sediments. A detailed map of the study 
area (Fig. 3) shows that the Pala belt is constituted of 
volcano-sedimentary formations similar to the green 
belt rocks. The Pala schists comprise clastic and 
epiclastic rocks, interlayered with felsic to mafic 

metavolcanic chloritic schists which form the majority 
of outcrop alternate with talcschists, metadiorites, 
metagabbros, metapyroxenites, and metabasalts. The 
dominant minerals in these low- and medium-level 
green rocks are amphiboles, plagioclases, chlorites, 
and epidotes. These metamorphic formations are 
massive, structured into parallel linear bands strongly 
deformed following high slope and horizontal 
elongation movements. This deformation is related to 
pan-African orogenesis, which affected rocks between 
600 Ma and 540 Ma [8, 21, 12]. The geochemical 
composition of the Pala Belt metabasites is 
characteristic of the arc rear basins [14, 24, 12, 13]. 
Various granitoids intruded the volcano-sedimentary 
formations. The Mayo-Kebbi batholith outcrops in the 
NE study area. This massif described as “Concordant 
granite” or “Syntectonic granite” by ancient authors 
[36, 29], is composed of foliated tonalites, 
trondhjemites and granodiorites containing large 
xenoliths of polydeformed banded amphibolites. 
These granitoïds are calcoalkaline in composition with 
negative Nb–Ta anomalies, indicating a subduction-
related magmatic arc setting [14, 9]. The deformation 
of the Mayo Kebbi tonalites occurred at about 639 ± 
20 Ma according to the syntectonic Landou granite 
[23]. Undeformed massive granites appear at the SE 
of the study area. Their chemical composition is also 
consistent with an active margin context [33]. These 
small, circumscribed, post-tectonic, undeformed 
massifs range from charnockites, porphyrogranites, 
and diorites from 570 Ma [22] to 565 Ma [21, 8]. Their 
composition is calcoalkaline [22, 8]. Metamorphic 
rocks and granitoid are dissected by veins of quartz of 
NNE-SSW and NW-SE directions. 

  

Figure 3 : Detailed geological map of Pala Belt, 
modified after [8] and [25]. 1 : Laterite cover. 2 : 
Cretaceous. 3 : Granodiorites. 4 : Porphyrogranite. 5 : 
Charnockites. 6 : Mayo Kebbi batholith. 7 : Granites 
not deformed. 8 : Metasediments. 9 : Metabasites. 10 
: Metadiorites. 11 : Quartz threads. 12 : Fault. 
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Materials and methods 

 During a first phase of exploration, we used a 
portable Geiger counter GAMMA SCOUT model GS1 
to measure the gamma radiation of outcrops and to 
ensure the interest of the study area. On the areas of 
interest recognized by the Geiger meter we then 
realized a gamma spectrometer mapping with a 
portable gamma/neutron spectrometer to discriminate 
exactly the type of radiation and to locate the areas 
containing uranium. On uranium-containing areas we 
collected sediment samples from wadis. Samples 
were taken at a depth of between 60 cm and 1 m with 
a hand auger. Charnockite and metabolite samples 
were also collected. A total of 312 samples were 
taken. Each sample was systematically located by a 
Global Positioning System (GPS) Garmin 12. 
Sediments were analyzed in the laboratory of the 
Korene Institute of Geology, Mines and Materials 
(KIGAM). The rocks were analyzed by ICP-MS at the 
Nancy Rock and Mineral Analysis Service (SARM). 
The software Surfer 21.2 was used to map the area 
from uranium and thorium levels. 

 Results 

The results of the analyses are shown in Table 1 
with a Shapiro - Wilk test of normality [28] calculated 
with a significance level = 99% and also the 
correlation coefficient between U and Th. 
the test was done to interpret the distribution of thoriu
m and uranium. 

Table 1. 

 

Element LD Mean Median SD Min Max W Statistics p value R 

U 0,03 1,60 0,00 2,74 0,00 26,20 0,60 0,00 
0,758 

Th 0,06 12,21 9,25 17,82 0,00 225,00 0,40 0,00 

 

 Tab 1 : Limit of determination, mean, median, 
standard deviation, minimum, maximum, W statistics 
and p-value of Shapiro-Wilk test and correlation 
coefficient regarding the distribution of U and Th of 
312 samples. All concentrations are expressed in 
ppm. 

Of the 312 samples analysed, 125 contained 
uranium and 187 have a concentration below the limit 
of determination (LD) of 0.03 ppm. Th was quantified 
in all samples except for one sample with a content of 
less than the LD (0.06 ppm). The average U content is 
1.60 ppm with a standard deviation of 2.74 ppm. The 
average Th content is 12.21 ppm with a standard 
deviation of 17.82 ppm. The results of Shapiro-Wilk 
test show (p <0.01) that U and Th are not normally 
distributed. With a correlation coefficient R = 0.758, 
the contents of U and Th are well correlated. The box 
and whisker plots of U and Th show a lack of 
symmetry and several outliers according to the 
anomalous distribution of U and Th. The histograms of 
the U and Th contents (Fig. 5) differ greatly from the 

normal distribution due to the importance of very low 
values. 

 

 

 Figure 4: Box and whiskers plots of concentration 
in Uranium (a) and Thorium (b). Average: cross in the 
box. Median: horizontal bar in the box. 

Where uranium or thorium is not quantified, the 
sample content is considered null due to low LD 
values. 

 

 

 Figure 5. Histograms of Uranium (a) and Thorium 
(b) contents. U-Th levels do not follow normal law. 
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Discussion  

Th and U are incompatible elements because of 
their large ionic radius, their concentration is thus 
controlled by magmatic processes and increases in 
residual liquids. The poor correlation between U and 
Th levels of the samples analysed shows the 
importance of postmagmatic, metamorphic and 
alteration phenomena in the distribution of these 
elements. In the continental crust, acid and basic 
rocks Thorium is 3 to 4 times more abundant than 
Uranium [6, 32]. 

Uranium, unlike thorium, is easily mobilized by 
hydrothermal and low-metamorphic phenomena 
affecting the Th/U ratio. Sediments containing U have 
an average Th/U ratio 4.2, similar to that of [27], but 
values vary widely from 0.7 to 10.0 and are very high 
for sediments with U content below the limit of 
determination. Charnockites have very variable mean 
Th/U ratios, from 3.2 to 9.38 and very high for those 
with U content below the limit of determination. 
Metatasites have very variable mean Th/U ratios, from 
2.3 to 11.76, and very high for those with U content 
below the limit of determination. The variation in the 
Th/U ratio reflects U mobility during a small 
metamorphic episode and subsequent alterations and 
possible Th mobility during a more intense 
metamorphic episode. 

In the Th vs U diagram (Fig. 6), U levels between 
0.6 and 9.8 ppm and Th between 0.3 and 44.6 ppm of 
sediment are dispersed around the PAS content [32]. 
Sediment levels are similar to those of metabasites 
and pan-African intrusive granites [8, 33]. Relatively 
high levels of U (1.5 ppm to 8.5 ppm) and Th (4.7 ppm 
to 37.8 ppm) metabasites are not magmatic in origin 
because they contradict the composition of the base 
rocks of the arc basins with very low U and Th levels 
[15, 3, 26, 11]. Pan-African metamorphism was 
therefore important enough to remobilize the U but 
also the Th element much less mobile. The highest 
levels of U (Min Max) and Th (Min Max) were found in 
the charnockites analysed in this work and in 
previously studied charnockites and diorites [8]. These 
levels are similar to those of pan-African uranium 
granites in Egypt [7]. 

 

 Figure 6. Diagramme U vs Th. Charnokites JCD, 
Diorite JCD, Granites JCD after [8]. Granites RT after 
after [33]. E : Uraniferous panafrican granites of Egypt 
after [7]. Samples with content below the limit of 
determination are not represented. 

  

Cartography of U and Th levels  

The mapping of uranium and thorium 
concentrations was done by plotting with the software 
surfer 9. The U-content map (Fig. 7) shows values 
ranging from 0.5 ppm to 10 ppm. In fine stream 
sediments, levels are most often below the limit of 
determination, with a maximum U-content value of 
1.64 ppm. Values higher than 10 ppm are found only 
in the Sodjé Mbay area north of Pala. These high 
values are related to Charnockites outcrops. The 
highest U-value, 26.2 ppm, is found on the 
charnockite west of Sodjé Mbay. 
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 Figure 7. Map of Uranium distribution in sediment 
and rocks.  

The Th-content map (Fig.8) shows values of 
thorium concentration ranging from 1.5 ppm to 49.5 
ppm. Like uranium, the higher levels of Th are found 
in the charnockite west of the village of Sodjé Mbay. 

 

 Figure 8. Map of thorium distribution in sediments 
and rocks.  

Both maps show a similarity in the distribution of 
uranium and thorium in the study area. Levels are 
very low and variable in sediments, and high levels 
are related to charnockite in western Sodjé Mbay. 

Also, the concentration of thorium is high in the area 
at the west of Pala town. This work involves targeting 
carriers and producing the distribution map of uranium 
and associated thorium concentrations. It is therefore 
important to develop geological and mining mapping, 
the only way to guide research and protect the 
environment. 

Conclusion  

The distribution of uranium and thorium in the 
neoproterozoic formations of Pala is linked to the 
geodynamic context of the region. The origin of the U 
and Thorium is to be found in plutonic rocks, 
especially in charnockites. The U and Th were 
remobilized during pan-African metamorphism. The 
presence of uranium in sediments is related to 
pedogenesis: progressive alteration, leaching, and 
distribution according to topography. Leaching is 
favored by acidic tropical rain. The uranium and 
thorium anomaly maps will help to focus future work 
on the Sodjé Mbay area of interest and also guide 
studies on uranium-accompanying elements such as 
antimony and tantalum.  
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