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Abstract  Statistical applications such as correlation, factor analyses and spatial distribution plots have been applied to 

soils in Akuse area, South-eastern Ghana, to determine minor and trace elements sources, distribution patterns and probable 

causes for such distributions. Composite soil samples taken on a grid of 1km×1km from the study area showed twenty-five 

minor and trace elements namely V, Cr, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Mo, Sb, Cs, Ba, La, Ce, Hf, Ta, Pb, Bi, Th and 

U. From the statistical mean analyses, Chromium (Cr) showed the highest mean concentration, followed by Zircon (Zr), 

Strontium (Sr), Barium (Ba) and Vanadium (v). Elements such as Nickel, Copper, Zinc and Cerium showed average mean 

values ranging from 84.3ppm-47.9ppm. The rest of the elements had lower mean concentrations indicating lesser 

concentrations in the study area. Elemental association in the study environment were shown by the Pearson Correlation 

Coefficient. Element pairs such as Cr-Ni, Zn-Rb, Ni-Ba, Zn-Ba and Cu-Zn showed strongly positive correlation coefficient, 

indicating their occurrence together in the study area. Others such as Zn-Zr and Ga-Zr were negatively correlated as they do 

not occur together. The applied factor analyses categorized the sources of the elements into natural and anthropogenic with 

some elements originating from both sources. Plotted Geochemical contours showed the central portion mainly covered by 

pyroxenites lithology had high concentrations of arsenic, barium, cerium, cobalt, gallium and nickel whilst the northwest had 

higher concentrations of copper, zinc and rubidium. This distribution was attributed to topographic features, changes in the 

geology of the bedrock and anthropogenic factors. Arsenic, Bismuth and Thorium were relatively less in concentrations as 

compared to other elements. The distribution of Cr, Co, Ni, Rb, Th and Ba differentiated the geology of the area and hence 

distinguished between felsic, basic and ultra-basic precursors. The wide range in trace element characteristics of the soil is an 

indication for inefficient mixing of the various source rock lithologies during the soil formation processes. The basic gneisses 

which cover most parts of the survey area showed relatively low concentrations in minor and trace elements as compared to 

areas covered by pyroxenites intrusions. 
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1. Introduction 

The study area (Figure 1) forms part of the Accra plains 

in south-eastern Ghana, lying between latitude 5°45 south 

and 6°05 North and Longitude 0°05 East and 0°20 West. 

The relief of the area is generally gentle and undulating 

with few highlands. The uplifted nature of the area leads to 

higher rates of physical erosion exposing fresh bedrock to 

the environment thereby facilitating chemical weathering of 

the rocks. Akuse’s subtropical to tropical climate also 

makes it very susceptible to some of the heaviest amounts 

of rainfall.  Heavy metals are  found universally  in both  
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polluted and unpolluted environments. The level of heavy 

metals in the environment varies between different regions 

(Morais et al., 2012). Although heavy metals occur 

naturally in the earth’s crust, they tend to be concentrated in 

agricultural soils because of the application of commercial 

fertilizers, manures and sewage sludge containing heavy 

metals (Zeng et al., 2008). Soils in the area are mostly 

affected by human activities as farming is the main source 

of income for the indigenes. The purpose of this research 

was to determine the distribution of minor and trace 

elements in the area, determine the probable causes for 

these distributions, analyze their association with some 

precious metals and provide valuable information regarding 

the origin of the rocks in the study area. The popularity of 

residual soil surveying as an exploration method is a simple 

reflection of the reliability of soil anomalies as ore guide 

(Gill, 1997). Mineralized parent rocks always introduce 

some kind of chemical pattern in residual soils originating 

from weathering of the rock. Weathering of ore deposits 

http://creativecommons.org/licenses/by/4.0/


 Geosciences 2019, 9(1): 8-17 9 

 

 

leads to redistribution of elements in secondary dispersion 

halos in weathered rocks, soils, vegetation, and drainage 

systems. This vastly increases the area in which evidence 

for the presence of element mineral target can be detected. 

Elemental redistribution could be through mechanical 

movement of fragments under gravity, movement through 

diffusion or ionic movement of solution. Chemically, the 

distribution of minor and trace elements with high lithophile 

affinity is largely controlled by their ionic radii or size. 

Such elements with radii similar to those of major elements 

can substitute for them in the common minerals of igneous 

rocks. The crystal structures of these minerals act as sorting 

mechanisms, accepting those atoms of appropriate size and 

rejecting others. The idea of ionic size, coupled with 

geochemical affinity is key to the distinction between 

abundance and availability. Elements that are similar in size 

with geochemical affinity to major elements are dispersed 

in small amounts in common minerals hence their minute 

availability in soils. Other elements that do not readily enter 

the common minerals of igneous rocks remain in the 

residual melt as crystallization proceeds. Minor and trace 

elements can therefore be used to determine the origin, 

igneous processes (Berlo et al. 2004; Norman, M, Garcia, 

M and Pietruszka, A 2005) and crystallization history of 

igneous rocks (Norman, M, Garcia, M and Pietruszka, A 

2005). They also act as geochemical pathfinders as most of 

them are associated with precious metals. Minor and trace 

elements easily disperse around mineralization, creating a 

wide dispersion halo. As pathfinders, they must be 

sufficiently abundant, so that the halo created is 

distinguishable from the surrounding background values. 

 

Figure 1.  Diagrammatic illustration of the study area 

2. Geology and Tectonic Settings 

Tectonically, the study area form part of the 

Trans-Saharan belt (Figure 2) exposed in south eastern 

Ghana and adjoining parts of Togo and Benin, namely the 

Dahomeyide Orogenic Settings (Affaton, P., Rahman, M.A., 

Trompette, R., and Sougy, J., 1991; Castaing, C., Feybesse, 

J.L., Thieblemont, D. Triboulet C. and Chevremont, P. 1994; 

Attoh, K., Dallmeyer, R.D., and Affaton P., 1997), precisely 

the Accra Plains area. The principal tectonic elements of the 

Dahomeyide Orogen are the deformed edge of the West 

African Craton with its cover rocks consisting of craton 

verging nappes and thrust sheets bounded by ductile shear 

zones, the suture zone representing the eastern boundary of 

the autochthonous West African Craton and exotic rocks that 

form the granitoid gneiss complexes east of the suture zone 
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(Attoh kodjopa and Nude P.M 2008). Metamorphism is 

generally in the amphibolite facies (Attoh, K., Hawkins, D., 

Bowring, S., Allen, B., 1991; Nude et, al. 2009). Dahomeyan 

gneiss and schist occupy most of the plains cover. Basic 

gneiss forms a number of large inselbergs in the north and 

center of the study area. The eastern belt of acidic gneiss 

consists mainly of grained metamorphosed rocks richer in 

minerals than rocks in the west. Gneisses with garnet, 

pyroxene and scapolite occur among more ordinary 

quartzo-feldspathic biotite and hornblende-bearing rocks 

(Attoh, K., Hawkins, D., Bowring, S., Allen, B., 1991). 

Eclogites have been recorded from large masses of mafic 

gneisses that include amphibolites and pyroxenites and 

contain much garnet (Nude et, al. 2009). In southeastern 

Ghana, the High Pressure mafic granulites have been 

referred to as Shai Hills gneiss (Attoh, K., Dallmeyer, R.D., 

and Affaton P., 1997), and are tectonically juxtaposed with 

the alkaline gneiss complex in the suture zone. Rocks of the 

Shai Hills Gneiss unit are folded into west and southwest 

verging nappes and crop out in inselbergs of the Accra Plains. 

Most of the isolated hills in the area are asymmetrical with 

steep, west-facing scarp slopes such as the Krobo and 

prominent Osu Yongwa Hills. The distinctive features of the 

rocks exposed on these hills are the prominent modal 

layering and extensive veining. The layering is 

discontinuous and consists of alternating garnet-rich and 

hornblende-rich zones giving the rock a streaky appearance 

and are interpreted to be shear induced. Quartz veins occur in 

all sizes and oriented to the tectonic layering in these rocks. 

 

Figure 2.  Tectonic map of south eastern Ghana (modified by Nude et al, 

2015) 

3. Methodology 

3.1. Sampling Procedures 

The sampling protocol employed in this exploratory work 

is soil sampling. This was determined based on the time and 

resources available, the indicators to measure and the data 

sources to collect information from. To maximize the 

statistical reliability of the project, a 1km x 1 km sampling 

grid, displayed on 1: 250,000 quadrangle maps was applied. 

Each grid or cell was identified by a quadrangle name, a cell 

column and row position. A total of 34 soil samples (Table 1, 

A1-F4) were taken by six groups. After locating a sampling 

point through global positing system (GPS) navigations, the 

location is input into GPS for further work. Samples were 

then taken at a depth range of 50-100cm intended to remove 

the top soil and labeled in a sample bag with an approximate 

weight of 2-3kg. A metal steel was labeled and dipped into 

the sample. Accuracy was maximized as plastic sample bags 

were labeled at each sample point using a permanent marker. 

Labelling prevented sample loss and mixing of samples from 

different sample locations. Important descriptions and 

documentations were made about the sample area and the 

sampled material through the filling of a field sheet with 

information such as site type, date and time, collector’s 

group name, site weather conditions, topography present, 

sample ID, bottom depth sampling, sampling interval, the 

soil horizon, soil color, soil texture, soil moisture condition 

and drainage conditions. 

3.2. Analytical Procedures 

The analytical procedure applied followed Asiedu et al. 

2007. Trace element concentrations of soils were determined 

on powdered samples by an energy-dispersive polarizing 

X-ray fluorescence spectrometer (SPECTRO X-LAB 2000) 

at the Geological Survey Department. The well calibrated 

XRF used gave very accurate results with high precision, 

measuring most of the common metals in alloys such as iron, 

nickel and copper to less than 0.01%. X-Ray Fluorescence 

spectrometer (XRF) was employed due to it relatively high 

detection limit and effectiveness for locating geochemical 

contrast in elements. The technology combines traditional 

X-ray fluorescence methodology with small spot analysis. 

High intensity X-ray beams with diameters ranging from 3 

mm down to a unique 10 µm offer versatile analysis 

capabilities. The samples were dried, crushed and sieved 

with 108 and 106 micrometre sieves to produce finer grains. 

In the laboratory, four (4) grams of each sample was mixed 

with 0.9 grams of wax. The mixture was homogenized with a 

homogenizer programmed to run 15 seconds per minute for 3 

minutes. In order to prevent contamination, acetone was used 

to clean the sample cup thoroughly before use. Homogenized 

samples were sent to a manual press where pressure between 

5 and 10 tonnes was applied to produce round pellets before 

analyses. This XRF system provided a complete elemental 

analyses and qualitative characterization. In all, thirty-four 

(34) soil samples were analysed (Table 1). 
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Table 1.  Trace-element geochemical data from soil samples collected from the study area in Part Per Million (ppm) 

 

Table 2.  Pearson correlation coefficient of Trace-elements analyzed 

 

 

4. Results and Interpretation 

4.1. Statistical Analyses 

Table 3 shows the statistical analysis of the minor and 

trace elements in the study area. The table gives the mean 

concentration, the lower and upper limits as well as the 

standard deviation of each element. Chromium (Cr) shows 

the highest mean concentration. It is followed by Zircon (Zr), 

Strontium (sr), Barium (Ba) and Vanadium (v). Elements 

such as nickel, copper, zinc and cerium showed average 

mean values (84.3ppm-47.9ppm).  

The rest of the elements have lower mean concentrations 

V Cr Co Ni Cu Zn Ga As Rb Sr Y Zr Nb Mo Sb Cs Ba La Ce Hf Ta Pb Bi Th U

AI 166 403 79 61 38 51.3 18.6 1.6 4.1 422.4 16.2 691 13.7 4.7 1.6 7.3 276 16 59 19.1 7.8 1.8 1.7 1.6 9.3

A2 234 234 69 63.6 70 62.1 21 1.3 2.6 208.2 11.6 215.3 10.4 3.7 1.6 7 167 16.2 47.9 9.3 10 2.1 1.7 1.9 7.2

A3 114 363 59 51.8 40 63.2 18.6 0.6 7.6 334.6 12.8 278.2 10.9 3.4 1.4 7.3 239 23.1 52 7.3 7.8 1.7 1.6 1.5 8.9

A4 119 394 67 70.2 35 58.5 20.5 2.1 3.8 396.7 4.8 116 9.9 3 1.5 6.9 169 24 47 6.8 7.7 1.8 1.5 1.5 7.8

A5 117 139 34.7 49.1 35 48.5 17.1 1.1 3.6 366 10.7 841 12.3 5 1.5 7 179 13.9 64 18.6 7.4 1.7 1.5 1.4 7.4

A6 176 836 67 52.5 42 53.1 19.9 1.2 5 374.8 2.4 229.9 10.7 3.6 1.1 7.2 210 21.4 57 8.2 8.2 2.2 1.6 1.6 8.7

B1 95 258 33 37.9 34 43.5 15.8 0.9 7.2 295.9 10.5 749 12.5 4.8 1.6 7 259 13.9 45.5 9.1 7.1 3.7 1.4 1.3 8.6

B2 375 235 141 75.1 82 72.1 24 1.2 3.7 170.5 9.8 255.5 10.7 3.8 1.5 7.2 130 15 44 11 12 2.6 2.1 2.5 8.2

B3 136 529 61 78.6 29 63.4 21.3 0.5 3 538.4 0.8 51.1 4.6 4.1 1.5 7.3 301 15 21 6.9 7.2 1.8 1.6 1.5 7.6

B4 96 267 37 32.5 34 42.9 16.7 1.1 3.7 347.9 8.8 947 11.6 5.3 1.5 6.9 199 15 21 13.5 6.9 1.5 1.6 1.4 8.5

B5 174 254 62 60.3 52 72.6 24.4 0.8 4.3 434.4 2.6 116 11.3 3 1.6 7 171 17.4 40.4 7.6 8.6 1.8 1.7 1.6 7.1

B6 212 173 49.6 71.2 96 98.3 22.3 1.7 14.8 476.8 2 113.4 3.5 3.3 1.6 7.1 194 15 41.3 9.7 11 1.8 1.7 1.6 7.7

C1 171 559 80 93.5 61 61.9 20.7 2.5 7.8 361.7 13.7 392.4 11.7 3.6 1.5 7 276 24 43.7 7.9 9.4 1.7 1.6 1.6 7.7

C2 176 187 63 58.4 51 53.4 20.7 1.5 5.7 175.3 15.2 310.5 11.3 3.6 1.4 6.8 154 15 77.7 9.9 8.5 4 1.6 1.5 6.1

C3 159 132 49.5 74.8 56 73.9 22.4 0.5 3.6 492.3 0.9 92.5 7.3 2.9 1.6 7.1 192 15 22.3 8.1 9.2 1.9 1.7 1.7 8.3

C4 147 179 63 37.4 44 49.7 19.3 1.3 2.4 296.6 8.7 283.5 12.1 3.5 1.4 6.9 168 13.3 48.4 7.2 7.9 1.7 1.5 1.4 7.4

C5 199 645 157 235 54 66 21.3 2.8 4.5 180.4 21.1 438.3 14.4 4.2 1.6 7.3 626 25.2 126 9.2 10 5 1.7 1.4 8.4

C6 196 732 143 249 46 64.2 18.7 1.6 4.2 186.8 17.5 621 15.8 4.8 1.6 7.4 558 25.6 98 10.5 9.4 6 1.7 2.3 7.4

D1 103 287 34 48.5 32 44.4 16.9 1.9 3 300.4 11.6 536 16.2 4.2 1.6 6.9 185 24.7 56.2 11.8 7 1.4 1.6 1.3 7.9

D2 142 236 47.8 39.1 40 41.8 17.7 1.7 4.6 366.7 11.5 773 12.7 4.9 1.6 7 232 15 33 13.1 7.6 1.7 1.6 1.5 7.8

D3 71 366 46.6 56.2 39 60.9 22.7 1.2 3.8 383.5 2.5 144.1 3.6 3.2 1.5 7 127 14 20 7 7.8 1.7 1.6 1.5 7

D4 152 159 42.7 44.4 42 47 17.6 1.7 7.4 664.8 9.1 652 15.1 4.7 1.5 7 355 19.8 57 12.2 7.8 1.5 1.6 1.5 6.1

D5 227 675 87 195 42 61.4 18.7 2.7 5.2 212 15.8 523 11.5 4.3 1.6 7 446 15.9 80 9.2 8.9 1.9 1.7 1.2 8.3

D6 191 238 62 55.4 43 58.8 17.8 1.9 3.6 304.4 12.8 648 12 4.6 1.5 6.9 198 17.1 55 12.8 8.1 1.7 1.5 1.4 9.1

E1 118 532 43.9 59 26 37.3 13.8 1.3 2.8 387.8 3 250.8 12.7 4.6 1.5 7.1 189 15 20 10.3 6.6 1.7 1.6 1.4 7.4

E2 318 146 198 116 75 55.8 21.3 1.6 2.6 331.3 9 239.8 10 3.8 1.6 7.7 711 16 99 10 12 2.3 2 2.3 9

E3 87 386 66 49.2 18 43.5 17.3 1.3 3.3 322.1 0.7 189.1 12.1 3.4 1.6 7.1 274 15 21 5.3 6.1 1.7 1.6 1.4 6.8

E4 200 2302 87 231 49 70.9 19 2.1 6.3 216.8 15.7 483 12.7 4.1 1.6 7.3 284 16.9 60 9.5 9.4 1.5 1.7 1.5 8.8

E5 127 327 42.6 86.7 45 48.8 16.4 1.4 5 296.6 13.6 614 12.9 4.2 1.6 7 343 18.6 64.5 13.5 8 2.5 1.6 1.4 6.8

E6 93 371 30 42.2 25 29.7 13.5 1 3.8 249.3 15.9 898 14.7 4.8 1.5 7.3 198 18.7 56 12.9 6.3 1.5 1.4 1.2 7.9

F1 132 237 35 41.4 50 63.3 19.6 0.8 3 406.5 4.3 157.1 6 2.6 1.5 7 162 15 44.8 7.5 8.2 1.6 1.5 1.4 7.8

F2 196 288 71 69.2 93 62.5 21.3 0.7 3.1 362.4 6.7 182.7 9.1 3.4 1.5 6.9 141 14.1 41.9 9.9 11 1.8 1.7 1.7 6.7

F3 128 856 57.3 109 53 72.7 18.7 1.5 8.7 340.1 12.1 243.4 7.4 3.1 1.5 6.8 319 26.6 72 7.6 8.6 1.7 1.6 1.5 7.7

F4 158 1132 94 171 61 66.2 19.1 1.1 5.1 252.9 15.5 630 12.8 4.4 1.5 6.9 251 19.1 56.2 9 9.7 1.6 1.6 1.1 7.4

       V         Cr         Co       Ni         Cu         Zn         Ga        As        Rb         Sr        Zr        Mo       Ba         Ce         Pb          Bi        Th         U

V 1

Cr 0.021 1

Co 0.734 0.175 1

Ni 0.34 0.637 0.645 1

Cu 0.322 -0.008 0.117 0.036 1

Zn 0.209 0.132 0.016 0.172 0.718 1

Ga 0.46 -0.106 0.297 0.094 0.491 0.683 1

As 0.24 0.224 0.359 0.479 -0.193 -0.192 -0.153 1

Rb -0.094 0.221 -0.2 0.068 0.445 0.529 -0.022 0.069 1

Sr -0.235 -0.248 -0.41 -0.396 0.259 0.491 0.348 -0.37 0.238 1

Zr -0.212 0.008 -0.08 0.073 -0.416 -0.594 -0.692 0.279 -0.146 -0.393 1

Mo -0.078 0.036 0.012 0.127 -0.38 -0.52 -0.647 0.255 -0.145 -0.298 0.893 1

Ba 0.237 0.222 0.558 0.585 0.306 0.272 0.05 0.26 0.24 -0.009 0.024 0.151 1

Ce 0.357 0.177 0.571 0.615 0.046 0.017 -0.065 0.487 0.073 -0.429 0.277 0.236 0.66 1

Pb -0.045 0.184 -0.02 0.135 0.228 0.379 -0.096 0.024 0.689 0.061 -0.15 -0.074 0.28 0.128 1

Bi 0.804 0.041 0.664 0.315 0.337 0.408 0.586 0.053 0.007 0.013 -0.38 -0.225 0.31 0.159 0.117 1

Th 0.711 -0.148 0.602 0.14 0.428 0.315 0.512 -0.12 -0.061 0.002 -0.34 -0.216 0.25 0.136 0.048 0.756 1

U 0.181 0.163 0.227 0.084 -0.075 -0.034 -0.087 0.142 -0.056 -0.135 0.136 0.095 0.01 0.094 -0.012 0.116 0.088 1
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indicating lesser concentrations in the study area. The higher 

concentration of Cr, Sr, Ba and V as indicated by their mean 

is attributed to the high mobility rates of these elements in 

the weathering environment, changes in lithologies and 

Contamination by human activities. Inversely, the lower 

mean concentrations of elements such as As, Sb, Bi and Th is 

as a result of lower concentration in bedrock, low mobility 

rate and topographic factors. 

Table 3.  Statistical Analyses of elements in part per million 

Elements 
Mean 

(ppm) 

Lower 

(ppm) 

Upper 

(ppm) 

Std. 

Deviation 

V 161.912 139.84 183.98 63.252 

Cr 442.853 301.31 584.39 68.658 

Ni 84.302 63.405 105.2 59.893 

Cu 47.923 41.56 54.287 18.237 

Zn 57.752 53.13 62.37 13.236 

Ga 19.255 18.357 20.154 2.574 

As 1.418 1.22 1.62 0.579 

Rb 4.791 3.95 5.64 2.42 

Sr 336.979 298.751 375.207 109.56 

Y 9.703 7.75 11.66 5.611 

Zr 408.988 317.52 500.457 262.15 

Nb 11.065 9.96 12.17 3.179 

Mo 3.959 3.71 4.21 0.708 

Sb 1.524 1.49 1.56 0.099 

Cs 7.076 7.01 7.14 0.195 

Ba 261.132 213.023 309.241 137.88 

La 17.809 16.4 19.22 4.034 

Ce 52.729 44.366 61.092 23.968 

Hf 10.044 8.97 11.12 3.092 

Ta 8.506 7.98 9.03 1.5 

Pb 2.135 1.78 2.49 1.028 

Bi 1.629 1.58 1.68 0.136 

Th 1.547 1.44 1.65 0.302 

U 7.788 7.5 8.07 0.815 

4.2. Correlation Analyses 

Elemental associations of the analyzed trace elements Cr, 

Ni, Co, Sc, V, Cu, Pb, Zn, Cd, Ba, Sr, Zr, Ti, Rb, Hf, Th, U, 

Cs, Ta, Nb, Y and Ce, in the form of correlation coefficient ‘r’ 

(Table 2) were performed using SPSS suite. Element pairs 

such as Cu-Zn, Ba-Cr, Co-Ni and Ba-Ni (Figure 3) showed 

stronger association in the study environment whilst others 

such as V-Cr and Cr-Cu showed no association. A Positive 

correlation indicate that the elements pair occur together, 

thus, as the concentration of one element increases in a 

particular area within the study environment, there is a 

corresponding increase in concentration of the other element. 

Negatively correlated elements on the other hand has inverse 

relationship, thus, an increase in one element in the study 

environment result to a corresponding decrease in the other. 

While the non-correlated or sparsely correlated elements do 

not occur together in the study area. 

 

Figure 3.  Correlation plots of minor and trace elements 

4.2.1. Large Ion Lithophiles Elements (LILE): [Rb, Cs, Ba, 

Sr, Th, U] 

These elements have high radius and low electric field. 

Rubidium (Rb) show significant positive correlation with 

zinc (r=0.529) and lead (r=0.689). Caesium on the other hand 

has stronger positive correlation with Cobalt and Barium but 

exhibited weaker positive correlation with the rest of the 

elements except Arsenic and Rubidium. Barium showed 

positive association with all the minor and trace elements 

except Strontium, with significant positive ‘r’ values 

between Cobalt, Nickel, and Cerium (r=0.558, 0.585 and 

0.659 respectively). The correlation between Strontium and 

most of the element are poor, most of them negative. 

Similarly, Thorium ‘Th’ show relatively strong positive 

correlation with Vanadium ‘V’ (r=0.711), Tantalum 

‘Ta’(r=0.590) and Bismuth ‘Bi’ (r=0.756). 

4.2.2. High Field Strength Elements (HFSE): [Zr, Hf, Ta, 

Nb] 

These are elements with smaller radius and higher  

charges. This elemental group correlated negatively among 

themselves except Nb and Zr. Both Zr and Hf of this group 

occur together with molybdenum ‘Mo’ (‘r’ = 0.893 and 
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0.679 respectively). Although, titanium (ta) occur with 

copper, zinc and gallium (‘r’ values=0.938, 0.718, 0.602 

respectively) in the surveyed area, Niobium (Nb) correlated 

with copper, zinc, gallium and strontium negatively and 

hence may not occur together. 

4.2.3. Rare Earth Elements (REES): [La, Ce, Y] 

This group of elements positively correlated with 

themselves indicating their occurrence together in the 

weathering environment. They also showed greater 

association with some transition trace element such as Co, Ni, 

and As. Latium (La) of this group shows weaker correlation 

with almost all the minor and trace elements. The element 

yttrium ‘Y’ of this elemental group has significant positive 

correlation with most of the trace elements with the most 

outstanding association being that with zircon and niobium 

(‘r’=0.704 and 0.723 respectively) of the HFSE. It also 

exhibited significant negative correlation with Strontium. 

This is so because the element strontium is mostly associated 

with carbonate lithologies. The REE have been, to a large 

extent, diagenetically incorporated into the soil grains. 

4.2.4. Transition Trace Elements (TTE): [Cr, Co, Ni, Zn, V, 

Cu] 

The abundance of transition trace elements in the 

analytical result is highly valuable (table 1). Chromium (Cr), 

Cobalt (Co) and Nickels (Ni) are enriched in the study   

area. The transition trace elements mostly showed positive 

correlation with themselves, although, no significant 

correlation was observed between Chromium and elements 

such as Vanadium and Copper. Nickel correlated positively 

with both Chromium and Cobalt (‘r’ =0.637 and 0.645 

respectively). Zinc (Zn) also showed positive correlation 

with Copper and a relatively strong negative relation with 

some HFS elements (Zr, Nb and Mo). Similar geochemical 

properties such as ionic size and radius accounted for the 

positive correlation observed among the transition trace 

elements Ni, Cr, Co, and Cu. 

4.3. Factor Analyses 

The factor analyses applied in this study is based on 

Joreskog (1963) model. It is a simple, very fast and 

non-iterative model which does not require an estimation of 

communalities but based on the population covariance 

matrix from which the factor loadings are calculated. The 

raw factor loadings (Table 4) were further rotated 

orthogonally to produce a simple structure of uncorrelated 

factors (Table 5) for interpretation. Factor extraction 

involves making a choice about the type of model as well as 

the number of factors to extract. Factor rotation comes after 

the factors are extracted, with the goal of achieving simple 

structure in order to improve interpretability. Orthogonal 

rotation produced factors that are independent or 

uncorrelated with each other. Three factors were extracted 

from the data which accounted for 99.982% of the total 

variance in the data set, indicating that the entire variance 

was almost explained by these axes. The first factor load 

accounts for 49.124% (V, Co, Cu, Zn, Ga, Rb, Ta, Bi, and Th) 

of the total variance, the second for 37.848% (As, Y, Ni, Sr, 

Zr, Nb, Mo, Sb, Cs, Ce, Pb and U) with the third containing 

13.026% (Cr and Hf). The observed factors could be 

explained by elemental sources in the soil. Factor 1, showed 

significant positive load for all the minor and trace elements 

in this group and contains elements with naturally occurring 

concentration in the study area. Tantalum ‘Ta’ showed the 

highest load in this factor (load value 0.982). This was 

followed by Cu, V and Bi respectively. Although Ni and Ce 

were not classified in this factor, they showed significant 

loadings. 

The elements in this group were also significantly 

correlated, indicating that they are from the same source. 

Factor 2 contained minor and trace elements whose sources 

in terms of concentration in the study area can be classified 

as anthropogenic, hence, have varied contributions from 

human activities. This may be attributed to farming in the 

area coupled with fertilizer application and charcoal burning. 

They showed significant negative loads after a rotation of the 

factor loads and have concentrations exceeding natural 

background values in the area. Chromium ‘Cr’ and hafnium 

‘Hf’ loaded in factor three (3) and can be explained by varied 

sources of both natural and anthropogenic. Figure 4 shows 

2D plot of data variance and the extracted factor axes 

respectively. There is a reduction in the total variance in the 

datasets but significant outlier occurs in the variables spread. 

The biplot illustrates the orthogonal factor axes after 

factor rotation. 

4.4. Spatial Distribution Analysis 

Figure 5 show a plot of elemental distributions in the study 

area. Copper (Cu) and zinc (Zn) demonstrated almost the 

same pattern of distribution in the study area and may be 

attributed to their strong positive correlation and similar 

atomic size. 

Higher concentrations occur in the north-west with ranges 

of 70ppm-100ppm and 85ppm-115ppm for Copper and  

Zinc respectively as indicated by their contour values.   

The north-east and southern portions exhibit average 

concentration of these elements with systematic decrease in 

concentration towards the central-east boundary. Chromium 

distribution is far less across most parts of the study area  

with concentration between 100-800ppm. The highest 

concentration occurs in the south below latitude 6.07E° with 

gradual increase from 1100ppm-2100ppm (the highest 

elemental concentration in the area). Barium (Ba) shows 

similar distribution to chromium. Relatively higher 

concentration occurs in the central and south-western 

boundaries with the rest of the area showing lower 

concentrations. Arsenic ‘As’ displays a spectacular 

distribution with most areas showing average concentration. 

The central portion has the highest concentration range of 

1.9ppm-2.7ppm with lower concentration occurring in the 

south (latitude 6.05E˚ downwards). Cerium showed similar 
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distribution trend to Arsenic with maximum concentration 

occurring in the central zone. A gradual increase in 

concentrations from average to high is observed in the 

south-west with the rest of the area showing lower 

concentrations. A comparison between the geochemical 

contour plots and the digitized lithologic map of the study 

area (Figure 1) indicate that Co, Ni and Cr have high 

concentrations mostly in the central portion of the study area. 

This is attributed to the occurrence of mafic rocks such as 

pyroxenites and amphibolite’s in the form of intrusions 

across the central area. The content of these mafic elements 

in the source pyroxenites intrusion is higher and might not 

have seen greater dispersion hence, their high concentration 

across the central portion. Elements such as chromium, 

cobalt and nickel showed a decrease in concentration in the 

basic gneisses covering most parts of the area of study. The 

north-western part of the study area shows higher 

concentration of Rb and Ba largely associated with high 

pressure acidic gneisses complexes scattered across the north 

and west. Gallium and molybdenum exhibited averagely 

high concentrations across the study area indicating high 

dispersion and mobility rates within the weathering 

environment.  

Table 4.  Factor loadings (raw) 

Elements Factor 1 Factor 2 Factor 3 

V 0.853 -0.239 -0.030 

Cr -0.084 -0.548 0.168 

Co 0.583 -0.648 -0.035 

Ni 0.221 -0.889 0.084 

Cu 0.930 0.046 0.225 

Zn 0.573 -0.156 0.660 

Ga 0.590 0.004 0.589 

As 0.081 -0.552 -0.149 

Rb 0.172 -0.030 0.257 

Sr -0.180 0.446 0.252 

Y 0.112 -0.566 -0.533 

Zr -0.231 -0.118 -0.812 

Nb -0.197 -0.339 -0.688 

Mo -0.199 -0.172 -0.802 

Sb 0.125 -0.231 -0.101 

Cs 0.206 -0.446 -0.104 

Ba 0.159 -0.797 -0.176 

La -0.112 -0.512 0.083 

Ce 0.279 -0.742 -0.267 

Hf 0.068 0.113 -0.772 

Ta 0.942 -0.234 0.180 

Pb 0.156 -0.582 -0.115 

Bi 0.754 -0.212 0.055 

Th 0.670 -0.107 0.022 

U 0.078 -0.223 -0.141 

Table 5.  Factor loadings (rotated) 

Elements Factor 1 Factor 1 Factor 1 

V 0.848 -0.105 -0.236 

Cr 0.134 -0.375 0.420 

Co 0.724 -0.483 0.051 

Ni 0.498 -0.664 0.395 

Cu 0.896 0.280 -0.192 

Zn 0.741 0.301 0.385 

Ga 0.690 0.398 0.247 

As 0.206 -0.529 0.104 

Rb 0.233 0.136 0.155 

Sr -0.238 0.484 0.063 

Y 0.142 -0.745 -0.208 

Zr -0.382 -0.568 -0.509 

Nb -0.252 -0.680 -0.320 

Mo -0.334 -0.603 -0.488 

Sb 0.160 -0.230 -0.021 

Cs 0.299 -0.401 0.0445 

Ba 0.346 -0.737 0.166 

La 0.075 -0.395 0.345 

Ce 0.416 -0.726 0.0233 

Hf -0.168 -0.314 -0.698 

Ta 0.982 0.0242 -0.102 

Pb 0.293 -0.526 0.118 

Bi 0.771 -0.049 -0.142 

Th 0.654 0.009 -0.185 

U 0.1045 -0.252 -0.038 

 

 

Figure 4.  A plot of factor scores and extracted factors axes respectively 
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Figure 5.  A Plot of Elemental Distributions in Part Per Million (ppm) 
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4.5. Geochemical Pathfinder Study 

Pathfinders are elemental associations which have a 

higher indicative signal for other elements. The distribution 

of minor elements such as zinc, copper, molybdenum, 

arsenic and lead in the study area may probably be associated 

with metallic minerals of economic value (Brian E. Davies 

1971). Maximum concentrations of zinc and copper at the 

north-western part of the study area may be associated   

with sulphide and vein-type deposits. Chromium and 

molybdenum has distinctively high values in the middle of 

the area and may be associated with contact metamorphic 

deposits. Arsenic, a characteristic pathfinder of precious 

metals is higher in the central portion. Hidden prospect has 

strong and coincident pathfinder elemental responses 

showing cohesive patterns and this is highly observed in the 

central and northwestern areas. Geochemical anomalous 

trends remained open across and along strike. The 

geochemical responses show a prospective area for nickel 

sulphide and other mineralization, however the geological 

setting may be either a mafic/ultramafic sequence as 

indicated by the pyroxenites and basic gneisses.  

5. Conclusions 

The study showed that: (i) V, Co, Cu, Zn, Ga, Rb, Ta, Bi, 

and Th were associated with parent materials and therefore 

had natural sources, thus, the weathering of parent materials 

and subsequent pedogenesis due to the alluvial deposits. (ii) 

As, Y, Ni, Sr, Zr, Nb, Mo, Sb, Cs, Ce, Pb and U had 

anthropogenic sources (probably from over use of chemical 

fertilizers and pesticides, industrial and discharges, animal 

wastes, sewage irrigation, etc.), (iii) Cr and Hf showed 

varied sources of both natural and anthropogenic. Dispersion 

pattern of minor and trace elements observed in the study 

area may be attributed to topographic factors (hills and 

inselbergs as well as flat plains), climatic factors 

(temperature and rainfall in the area), anthropogenic factors 

and the chemical environment (whether oxidizing or 

reducing). The distribution of Cr, Co, Ni, Rb, Th and Ba 

differentiate the geology of the area and hence distinguishes 

between felsic, basic and ultra-basic precursors. The soil 

originated from felsic and ultrabasic source rocks such as 

pyroxenites intrusion, amphibolites and gneissic complexes. 

The basic gneisses showed low concentrations of minor and 

trace elements as compared to the pyroxenites intrusion. The 

wide range in trace element characteristics of the soil argue 

for inefficient mixing of the various source rock lithologies 

during the soil formation processes. The observed relatively 

strong correlation of most elements is attributed to 

similarities in geochemical behavior such as ionic size, ionic 

radius and mobility rates in the weathering environment. The 

significant correlation of mafic and felsic elements such   

as Ni-Ba is as a result of weathering together of different 

lithologies of mafic and felsic provenance. Among the 

factors affecting the distribution of element in the soil are the 

abundance of the element in the parent rock and the nature of 

the weathering in the Akuse area. From the geochemical 

responses of some pathfinder elements, the north-western 

part of the study area shows a higher prospective for sulphide 

and vein-type deposits whilst the central portion may be 

associated with nickel sulphide and other mineralization. 

Although, no previous distinct elemental background 

values have been determined for the study area, an increase 

in the occurrence of heavy metals such as Cr, Pb, Ni, Zn and 

Ba beyond the World Health Organization (WHO) required 

levels would have serious environmental consequence 

because these metals can cause changes in the structure and 

functioning of the soil ecosystem. The availability of heavy 

metals at higher concentrations in soils has an influence on 

plant growth and development. It has the capacity to interfere 

with the physiological and biochemical functions of plants 

which adversely affect them. Higher concentration of heavy 

metals in food crops and plants leads to toxicity in humans 

and animals as metals are known to cause several damages to 

human organs, even at lower level of exposure. 
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