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ABSTRACT  

Obudu Plateau, located between Latitudes 6
o
30’N, 6

o
45’N and Longitude 9

o
15’E, 10

o
00’E in part 

of the Bamenda Basement massif. The Precambrian Basement rocks of Obudu area consist of 

migmatites, gneisses, schists and amphibolites in addition to intrusive bodies of granites, dolerites 

and charnochites, all of which have been subjected to varying degrees of chemical weathering. 

Thick lateritic crusts, developed over these rocks were sampled laterally at thirty (30) locations 

(to depths of 2m) for chemical analysis and economic evaluation. The analysis which were by 

AAS and XRD gave results which revealed that within this 2m depth, silica, Na2O, K2O and CaO 

are depleted in preference to Al2O3 and Fe2O3 which are enriched to value as high as 27% and 

28% respectively. Furthermore, Kaolinite is predominant over other clays like illite and 

Monmorillonite. Statistical and empirical analyses reveal that even though these crusts are Al2O3 

and Fe2O3 enriched, they have not reached the threshold of typical ores of iron and aluminum 

(Bauxite) respectively. 
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INTRODUCTION 

Among the primary factors of lateralization, climate is considered the most important. Prevalent 

in the humid equatorial and tropical climatic regions are high temperature and high rainfall, either 

year round or in the raining season. Such climatic conditions favor the chemical alteration of 

parent rocks which is accompanied by silica extraction and the abundance of Iron and aluminum 

sesquioxides. 

The formation of laterites on the basement and older sediments of West Africa is believed to have 

commenced in the Cretaceous and extended to the younger sediments during lower to mid 

Tertiary times [1]. 

The percolation of very high amount of rainfall through the soil causes de-silication. Soluble salts such 

as bases of calcium, sodium and potassium are completely removed from the tropical soil during 

lateralization, leaving behind highly stable oxides and hydroxides of iron and aluminium. Excessive 
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accumulation of hydroxides of iron and aluminium lead to the formation of indurated rock-like layer 

beneath the surface called laterite. Laterites are rapidly developed upon iron rich parent materials such as 

basalts, but thick laterites are common in basement areas where they form on iron-deficient gneisses and 

schist. 

LOCATION AND GEOLOGY 

The study area (Figure 1) is part of Obudu Plateau in Cross River State of Nigeria. It lies within 

the reactivated Precambrian Basement of Nigeria, which forms a portion of the pan-African 

Tectonothermal belt located between the West African Craton, to the West and the Gabon-Congo 

Craton, to the east. It is bounded by longitudes 9
0
 15’E to 10

0
 00’E and latitudes 6

0
 30’N to 6

0
 45’ 

N. The Obudu Plateau represents a terminal portion of the western Bamenda Massif of the 

Cameroons that wedges into eastern Nigeria [2]. 

The dominant rock unit in the area is the migmatite-gneiss suite while schist and quartzite are 

comparatively less in abundance. Igneous bodies like granites, dolerites, charnockites and diorites 

intrude into this dominantly gneissic and schistose complex [3, 4, 5, 2]. There is also an 

abundance of quartz and pegmatite veins with NE-SE alignments in agreement with the regional 

foliation, lineation fold axes and fault plane orientations, typical of a pan African Terrain.  

 

 

 

 

 

 

 

 

  

 

 

Fig 1: Geological map of Nigeria showing location of study area [6] 
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Fig. 2: Geological map of Obudu Plateau, S.E. Nigeria – showing sample locations. 

METHOD OF STUDY 

 

Lateral sampling was done through the whole area from New Ikwete, through Sankwala, Bebi to 

Obudu, Fig. 2. The depths of sampling were limited to between 1m and 2m. This is because from 

the chemical data of some vertical weathering profiles, done in area [7], the uppermost layers of 

each of the profiles are found to be more enriched in the essential oxides of iron and aluminium. 

The sampling was done by the use of 10m X 15.4cm post-hole diameter steel anger. Lateral 

sample spacing was random, mainly determined by accessibility to exposure (outcrop). A total of 

30 representative samples were collected, labelled and sent to the laboratory for analyses.   

The samples were analysed for both the major oxides and trace element concentrations using the 

AAS method. Powdered samples were analysed at the Lyel Campbell Laboratory in Glasgow, 

Scotland. The process was accomplished using a Philips – PW 1710 model diffractometer. Peak 

intensities on the x-ray charts were compared with those of the minerals in the Joint Committee on 

Powder Diffraction Studies [8].  

 

DATA PRESENTATION AND DISCUSSIONS 

The chemical data from this exercise is presented from table 1 and 2. 
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Table 1: Results of Major Oxides (Wt. %) 

S/N0 SiO2 AI2O3 Fe2O3 TiO2 MnO MgO CaO Na2O K2O P2O5 LOI Total % 

1 18.02 15.18 18.08 0.94 0.12 1.17 3.99 0.62 3.06 0.55 7.91 99.79 

2 49.04 18.99 16.02 0.63 0.08 0.25 3.06 1.22 2.04 0.99 7.47 99.88 

3 47.91 18.07 17.66 0.08 0.43 2.06 2.33 0.34 0.78 0.85 9.11 99.72 

4 51 19.08 18.16 0.94 0.78 3.08 2.18 0.53 1.64 0.46 1.92 100.01 

5 54.66 18.74 14.08 0.66 0.33 2.09 3.26 2.18 1.56 0.09 2.17 99.98 

6 53.12 16.03 10.22 0.22 0.41 0.32 4.19 2.01 2.61 0.56 9.87 99.68 

7 47.29 18.73 15.63 0.79 0.56 1.02 2.09 1.88 1.42 0.93 5.45 99.93 

8 52.03 25.18 9.06 0.82 0.74 1.64 3.05 1.24 0.39 0.06 5.79 100.02 

9 48.02 17.72 22.84 0.99 0.25 0.52 3.46 0.91 2.76 0.55 3.88 99.99 

10 49.53 19.03 13.26 0.58 0.38 2.08 2.93 0.88 2.71 0.77 7.75 100 

11 57.42 20.06 10.03 1.71 0.12 0.00 0.01 0.04 0.17 0.06 10.15 99.71 

12 53.19 19.85 14.65 0.92 0.18 0.08 0.02 0.00 0.22 0.08 10.16 99.35 

13 32.07 24.67 28.23 1.94 0.13 0.00 0.00 0.02 0.12 0.09 10.15 97.42 

14 22.22 27.1 34.01 0.65 0.06 0.00 0.00 0.00 0.09 0.11 10.12 94.36 

15 42.29 21.87 22.26 0.87 0.27 0.13 0.05 0.95 0.82 0.8 10.18 100.11 

16 58.02 10.18 8.08 0.96 0.52 2.17 7.99 0.63 2.66 0.65 8.06 99.92 

17 54.04 11.99 6.02 0.78 0.38 0.20 4.02 1.33 0.8 0.07 7.56 99.88 

18 47.91 18.07 12.66 0.08 0.43 2.06 7.33 0.34 0.78 0.88 9.21 99.72 

19 61.07 14.08 10.16 0.94 0.78 3.08 5.18 0.53 2.09 0.46 1.64 100.01 

20 59.66 13.74 14.08 0.66 0.33 2.09 3.26 2.18 1.56 0.09 2.33 99.98 

21 53.12 16.03 8.22 0.22 0.41 2.32 4.19 2.01 2.61 0.56 9.99 99.68 

22 52.29 13.73 12.63 0.79 0.56 3.02 6.09 1.88 1.42 0.93 5.59 99.93 

23 62.05 15.18 9.06 0.82 0.74 1.64 3.05 1.24 0.39 0.06 5.81 100.02 

24 58.02 12.72 13.84 0.99 0.25 2.52 3.46 0.91 2.76 0.56 3.96 99.99 

25 49.53 18.03 11.26 0.58 0.38 3.08 4.93 0.88 2.71 0.77 7.85 100 

26 53.20 16.51 13.37 0.91 0.12 0.15 9.06 0.15 1.16 0.04 5.33 100.00 
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Table 2: Trace Element Composition of the Ten near surface Samples of Laterite of Obudu (ppm) 

Sample Zr Cu Cr Ni Ba Pb 

1 620 0.5 0.00 7.39 551.96 4.41 

2 490 22.0 0.10 7.81 584.59 15.50 

3 500 22.2 0.36 21.13 514.32 6.12 

4 430 12.0 0.00 10.18 426.61 32.30 

5 360 13.0 0.00 6.96 423.77 2.75 

6 340 20.4 0.00 2.10 412.37 4.03 

7 435 20.2 0.02 4.48 410.20 24.30 

8 480 15.4 0.00 7.90 451.19 14.81 

9 340 17.6 0.00 1.70 426.43 4.43 

10 750 25.0 0.00 4.83 418.16 5.31 

Mean 474.5 16.83 0.048 7.448 13.39 11.496 

For the purpose of the interpretation of this data, it was pertinent to consider that: 

* Concentration of trace elements is a direct function of accessory minerals present,  

* The comparable concentration of certain trace elements with respect to major elements 

indicates the parent rock type, and 

* The comparison between major and trace elements indicates the degree of weathering and 

the primary mineral present [10]. 

The given data conform to the theoretical information on, and description of Laterites earlier 

given. Firstly the data show that all the samples are rich in Iron and Alumina. A close look also 

reveals that the samples are depleted in K2O and Na2O, and more depleted in MgO and CaO. 

There is also a consistently high concentration of Silica, Alumina and Iron (arranged in 

decreasing order of concentration) and a large margin between the concentration of Silica and that 

of the other two. The consistent re-occurrence of the same elements in identical proportion in all 

the analyzed samples indicates a limited compositional diversity of the parent rocks. Certain 

aspects of the data, especially studying trace viz-a-viz major element composition reflect the 

nature and degree of weathering involved in the pedogenesis of the Laterites  in Obudu, for 

example, the high concentration of Iron Oxides is indicative of deep weathering of the parent 

material [9]. 

27 46.29 17.87 22.26 0.87 0.28 0.12 0.05 0.95 0.82 0.08 10.41 100.00 

 

28 55.22 14.06 18.01 0.76 0.73 0.13 0.05 0.19 1.65 0.06 3.45 99.32 

29 62.21 18.42 6.50 0.90 0.06 1.25 0.11 0.17 3.37 0.06 7.05 99.46 

30 63.80 14.91 4.57 0.63 0.08 3.00 2.89 2.66 3.66 0.30 3.51 99.58 



 International journal of advanced scientific and technical research                Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                       ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 307 
 

Furthermore, mature products of weathering are very rich in Alumina compared to bases like 

soda. Hence, Alumina: soda ratio gives the index of maturity (I. M.) Mean Al2O3: Mean Na2O 

was determined for the thirty samples and value was 82.2. This value is very high indicating that 

the laterites of Obudu have reached an advanced stage of chemical weathering [10]. 

ECONOMIC EVALUATION 

Statistical Appraisal: 

The chemical data obtained from the analyses of the lateritic crusts on the basement rocks of 

Obudu were subjected to simple statistical computation of the mean, standard deviation, and 

coefficient of variation in order to reveal their chemical characteristics. Besides, test hypothesis 

and t-distribution tests were also used to evaluate the economic and mineral potential of the 

laterite. 

The simple statistical parameters for major oxides and trace elements are summarized in tables 3 

and 4 respectively. Apart from these computations, t-test was done on the data.   

Table 3: Summary (Simple Statistics) of the Major Oxide Composition of the Laterite on the 

Basement Rocks of Obudu.   

Wt% SiO2 Al203 Fe203 TiO2 

Total No of Samples 30 30 30 30 

Mean 31.49 17.53 14.53 0.79 

Standard Deviation(s) 169.58 94.42 78.25 1.17 

Coefficient of Variation 

X

S
 x 100 

538.52 538.61 148.1  

 

Table 4: Summary (Simple Statistics) of some Trace Element Composition of the Laterite in 

Obudu 

PPM Zr Cu Cr Ni Ba Pb 

Total 30 30 30 30 30 30 

Mean 474.5 16.83 0.048 7.448 13.96 11.496 

Standard 

Deviation(s) 

129.45 7.1 0.11 5.5 15.12 10.13 

Coefficient of 

Variation 

X

S
 x 

100 

27.28 42.19 220.47 73.88 108.31 88.98 
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The t-statistical test is based on the t-probability distribution, and is used to establish the 

likelihood that a given sample could be a member of a population with specified characteristics or 

for testing hypothesis about a population parameter [11, 12]. The T-distribution is symmetrical 

about the mean and is mainly used in testing hypotheses and in finding confidence intervals for 

means. It is used when sample size, 

 n ≤ 30 

The aim is to decide; on the basis of experimental or sample evidence whether the statement 

appears to be true or false. The t-statistic may be computed by 

 t =  
nS

X 0
   

Where 
___

X  =mean of the sample 

µo = Hypothetical mean of population 

n   = Number of observations  

s = Standard deviation of observation  

In statistical terms, the test will involve the null hypothesis H0. µ1 ≤ µ0 against the alternative 

hypothesis H1: µ1 > µ0 

The Hypothesis  

In order to assess the effects of weathering on the basement rocks of Obudu area, the chemical 

characteristics of the surficial product of weathering and the economic mineral potential of the 

surficial materials, it was possible for one to hypothesis as follows:  

1.  Tropical weathering of the basement rocks of Obudu and the accompanying leaching has 

led to a marked enrichment of iron oxides and aluminium oxides above the background 

composition of the soil and surficial materials, obtained from data on major and minor 

elements in the parent rocks.  

2.  There is also depletion of silica and soluble salts such as the bases of calcium, sodium and 

potassium in the tropical soil of Obudu owing to this tropical weathering and 

lateralization.  

3.  There is a significant chemical difference between the surficial material and the parent 

rocks due to secondary geochemical process of weathering and ionic mobility.  

 

 

Statistical Evaluation of Fe2O3 and Al2O3 in the Laterite of Obudu  

Iron ores, to be economically profitable must have at least 20 - 30% of iron (Isaacs, 2001).  Thus 

by applying the Statistical test on the Fe203 content of the analysed samples, the hypothetical 

mean of the population, 0 becomes 20%. Of course, the hypothetical mean represents the least-
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standard percentage of iron in any iron ore deposit that will determine its economic profitability.  

The ’t’ is a sample-based probability distribution used in testing hypotheses and in finding 

confidence intervals for means. 

 

From table 3 

The mean for iron oxide,    X  = 14.53 

Number of observations (samples),     n  =  30  

Standard deviation,                                           s  =  0.79  

 

Thus the statistical test implies that  

 

 1.  Ho: 1   20%  

H1: 1   20%   

Where  H0 = null hypothesis 

  H1 = alternative hypothesis 

  1 = sample mean  X  

  20% = hypothetical mean (0) 

 

2. tc = 3.1
3079.0

2053.140







nS

X 
 

 

The computed value of tc = - 1.3 is less than the table value of t = 1.83 for nine degrees of freedom and the 5% ( 

= 0.05) level of significance and so lies in the critical region or region of rejection. Thus the null hypothesis, H0: 

1 < 20% will be accepted, while the alternative hypothesis H1: 1 > 20% will be rejected. 

 

The same procedure was applied for the statistical evaluation of Al2O3. Bauxite is an ore of 

aluminium and to be commercially exploited, it should contain at least 25-30% of aluminum 

oxide [13]. By applying the t-statistical test on the Al203 content in the analysed samples, the 

hypothetical mean of the population, µo becomes 25%. The hypothetical mean represents the least 

standard percentages of Al203 in any ore deposit that will warrant commercial exploitation of 

bauxite. From table 3, the mean of the samples, X=17.53 and standard deviation = 94.42. The 

computed value of tc = -0.5. Again, it is less than the table value of 1.83 and so lies within the 

critical region of rejection. Thus the null hypothesis H0≤20% will be accepted, while the 

alternative hypothesis H1-H0=>20% is rejected. 

Statistical Interpretation 

The statistical interpretation of the data above reveal a high level of homogeneity among the 30 

different samples with respect to their SiO2, Al2O3, Fe2O3, TiO3, MgO and CaO contents. The 

homogeneity was evident among the samples, through the similarity of the listed oxide 

components in table 1. Besides, the samples showed very low standard deviation, which implies 

that the data are closely distributed around the mean. The coefficients of variance of the major 

and trace elements, with the exception of MnO, P2O5, Cr, Ni, Ba and Pb (Table 3 and 4) for all the 
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analysed samples are less than 50% which implies a very small variability among the various 

samples [12]. 

The t-test for Fe2O3 in the samples gave a computed value of tc = -1.3 which is less than the table 

value of t= 1.83 for nine degrees of freedom and 5% level of significance. Thus the null 

hypothesis has to be accepted. The rejection of the alternative hypothesis means that the iron ore 

in the surficial material of Obudu area have less than 20% of Fe2O3 and therefore is not 

economically profitable to be mined. 

Similarly, the t-test for bauxite Al2O3 gave a computed value of tc =-0.57 which is less than the 

table value of t-1.83 for nine degrees of freedom and 5% level of significance, a condition to 

accept the null hypothesis. Thus the acceptance of the null hypothesis and rejection of the 

alternative hypothesis implies that, the surficial material of Obudu area contains less than 25% 

aluminium oxide and therefore cannot be commercially exploited. 

Empirical Interpretation 

The empirical method of interpretation was based on experimental evidence and observation 

considering the near surface samples generally. The silica- sesquioxide ratios of the analyzed 

samples fall between 1.33 and 2.0 implying the samples are lateritic soils [14]. Besides, the ratio 

of Al2O3 to Fe2O3 of the samples fall between 0.21 and 0.22 (values<<1) and also the percentage 

composition of Al2O3 falls below 25% in all the samples which implies that the laterites are non-

bauxites but iron enriched [15]. 

A comparison of the chemical data of the major oxides and trace elements of the surficial 

materials of Obudu (table 1) with the major and trace elements data of the parent rocks of [3] 

reveal marked enrichment of zinc and iron oxides. Thus, positive anomalies with large contrast 

occur for these elements. However, SiO2, Al2O3, TiO3, CaO and the remaining trace elements 

show marked depletion in the various samples. Besides, K2O, MgO and Na20 showed, unusual 

enrichment which could be attributed to cation exchange and low pH of the leaching solution. 

Thus, in spite of the distance and elevation differences of the sample location, the analysed 

samples showed similar chemical and physical characteristics. The relative uniformity of all the 

30 samples in their physical and chemical properties points to a common process of formation 

governed by similar environmental factors. 

The relative depletion of Al2O3, the fairly high content of water and the enrichment of Fe2O3 

favors the formation of hydrated ferric oxide and clay minerals rather than bauxite. The formation 

of the clay minerals may be attributed to the ph of the leaching solution and cation exchange. 

However, the fate of the trace elements during the weathering of the basement rocks of Obudu 

may be attributed to various geological and biological processes on the residual clay minerals, 

thereby leading to the various concentrations of the trace elements through cation adsorption 

processes. 

CONCLUSION 

There has been intense and deep weathering of the basement rock in Obudu for a long time 

resulting in thick piles of laterites.  Integrated geophysical investigation has revealed that the 
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thickness of this weathered material ranges from 2.0m to as high as 19.3m. Mean maturity index 

(M.I) value of 82.04 also corroborates the fact that the weathering is deep and severe [7]. 

The formation of laterites in Obudu is favored by the high temperature and precipitation, 

leaching, capillary rise, stable upland topography, weathering of the parent rocks and the long 

period of weathering since the Cretaceous and Tertiary time.  

Statistical and empirical analyses indicate that even though these crusts are rich in Al2O3 and 

Na2O, they have not reached the threshold of typical ores in Iron and Aluminum.  

The relatively low Al2O3 content in the laterite of Obudu is at variance with occurrence of 

Bauxite in exploitable quantities in parts of Cameroun which share the same geology, climate and 

vegetable. It is thought that the consistently descending topography of Obudu from the peak 

(cattle ranch) westward is a contributory factor. This topography encourages erosion leading to 

accumulation of alluvial materials on the Ogoja plains (in the far west), instead of accumulating 

in situ to form thicker and more mature residual material such as bauxite. 
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