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ABSTRACT 

 
Ikoro and Ijero Ekiti lies in the northwestern part of Ekiti State. The study area is largely underlain by the 

basement complex rocks of Southwestern Nigeria. Some parts of the area had been investigated in terms of 
mineral deposits but stream sediment mineral potentials of the area are unknown. Systematic geological 
mapping of the rocks and stream sediment sampling of the area were carried out. Thirteen (13) stream sediment 
samples were originally collected but Eight (8) were selected for study. The samples were collected at 
representative points around the study area mostly at a depth of 20-25cm. The stream sediments were analyzed 
for major, trace and rare earth elemental concentration using Lithium Borate digestive method and ICP-MS 
analytical method. The results of the geochemical analyses were later subjected to statistical analysis. The 
results revealed that Iron (Fe) has the highest concentration in major elements, Manganese (Mn) in trace 
elements and Cesium (Ce) in rare earth elements. The pattern of distribution of the elements revealed that 
almost all the elements have their peaks in the north-central part of the study area tagged IB5. The conclusion 
drawn from the geochemical and statistical analyses revealed that the mineralization of the underlying 
lithologies led to anomalous enrichment of Iron Phosphorous and Manganese rich minerals in the area. 
Therefore, a detailed geophysical and geochemical survey of location “IB5” is highly recommended for further 
investigation. 
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Introduction 
 

Stream sediments originate from the near surface of exposed rocks of igneous, sedimentary and volcanic 
regions. Some of these are easily eroded whereas; others especially the crystalline and metamorphic rocks are 
affected by streams only when altered in surface layers. Additional sources of stream sediments are soils which 
inherited their mineral content (with some alterations) from bedrock or which in the tropics may consist 
completely of newly formed minerals (Irion 1987). 

Generally, Stream sediments are generally composed of weathering products of basement rocks introduced 
into the stream.  Most streams in southwestern Nigeria are located on the Basement complex of which lies 
within the reactivated part of the Pan-African mobile belt between the West African and Congo cratons 
(Kennedy 1965). The rocks of Ikoro and Ijero in Ekiti state belongs to the south western Nigeria Basement 
complex rocks. They have been studied by several authors such as (Mc Curry 1966; Oyawoye 1972; Ajibade 
1987 and Rahaman 1988; Jacobson and Webb 1946) were among the first to work on heavy minerals in the 
sediments of Nigeria, especially in wamba area (central Nigeria) in a 400km NE-SW trending belt. Other 
workers like (Matheis 1987) conducted the geochemical exploration for heavy minerals particularly Sn – No – Ta 
in the southwestern part of Nigeria. While, Matheis and Caen – Vachette (1983) studied the pegmatities of Pan – 
African reactivation zone covering areas of Egbe, Ijero and wamba, and also distinguished mainly between the 
barren and mineralized pegmatites. (Matheis 1987) also worked on the geochemical exploration guides for rare 
metals with a case study of Ijero. (Allen 1965) however, noted the characteristic heavy minerals of the Niger 
and Benue river basins in his study of the mineral suite of the Niger delta. (Nedeco 1961) recorded the heavy 
minerals of parts of the eastern Niger delta. (Mecleod 1954) reported high concentrations of columbite in the Jos 
– Bukuru younger granite complex and showed close correlation between primary and alluvial deposits.   

(Awosika et al. 1982) conducted a research on the heavy minerals in the Nigerian river sediments and 
concluded that the textural properties of terrigenous sediments are almost entirely controlled by transportation 
and deposition environment while its mineralogical composition is a function of provenance. The occurrence 
and abundance of heavy minerals suits are influenced by various factors such as specific gravity and hardness of 
individual minerals. Some minerals such magnetite, tourmaline, Zircon, rutile and sphene can form 
authigenically in sediments.  
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However, this study tends to carry out geologic mapping to determine the underlying lithologic units and to 
carryout systematic geochemical investigation of the stream sediments in Ikoro and Ijero area in order to 
discover the heavy minerals present in them and to obtain a baseline environmental data for the area. 
 
Location And Accessibility Of The Study Area: 

 
The study area (Ikoro and Ijero) is situated in the North Western part of Ekiti State (Fig.1). The two towns 

are positioned between latitudes 7051’54.15”N, 7049’22.10”N and Longitudes 5002’ 17.58”E, 505’25.37”E 
respectively. The study area is linked with good road networks and footpaths which made accessibility to the 
sampled locations easier. Other neighboring towns around the study area include Okemesi, Epe, Ipoti, Ido and 
Efon Alaye Ekiti. 

 
Fig. 1: Map Of Ekiti State Showing The Study Area. 
 
Topography and Drainage: 
 

The study area is rugged with undulating terrain consisting entirely of gneissic and quartzite rocks. Most of 
the rocks in the study areas are well exposed and are as high as 200m above sea level in some places. The 
drainage system over the areas of the basement complex rocks is usually marked with the proliferation of many 
smaller stream channels. The channels of these smaller streams are dry for many months, especially from 
November to May but recently, the rainfall pattern has been disrupted due to global warming. There is no major 
river in the study area. However, the state serves as the watershed for three major rivers that flows into the 
Atlantic Ocean. These are rivers Osun, Owena, and Ogbese. The common rivers in the study area include Yao, 
Adaraniwon, Awo etc. The drainage pattern of the study area is indicated as dendritic. (Fig. 2). It develops in 
regions underlain by homogenous materials where the subsurface geology have similar resistance to weathering 
such that there is no apparent control over the direction the tributaries take which  later join larger streams at 
acute angle. 

 
Regional Geologic Setting Of The Study Area: 
 

The study area is underlain by the Precambrian Basement Complex of Southwestern Nigeria, which is also 
part of the Basement Complex rocks of Nigeria. The basement complex is one of the three major litho-
petrological components that make up the geology of Nigeria. The Nigerian basement complex forms a part of 
the Pan – African mobile belt and lies between the West African and Congo cratons and south of the Tuareg 
shield (Black, 1980). It is intruded by the Mesozoic Calc-alkaline ring complexes (Younger granites) of the Jos 
plateau and is unconformably overlain by Cretaceous and younger sediments. The Nigerian basement complex 
was affected by the 600Ma Pan African orogeny and it occupies the reactivated region which resulted from plate 
collision between the passive continental margin of the West African craton and the active Pharusian continental 
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margin (Burke and Dewey, 1972; Dada, 2006). The Basement rocks are believed to be the results of at least four 
major orogenic cycles of deformation, metamorphism and remobilization corresponding to the Liberian 
(2,700Ma), the Ebornean (2500Ma), the kibaran (1,100Ma), and the Pan-African cycles (600Ma). The first three 
cycles were characterized by intense deformation and isoclinals folding accompanied by regional 
metamorphism, which was further followed by extensive migmatization. The Pan-African deformation was 
accompanied by a regional meta-induced syntectonic granites and homogenous gneisses. Late tectonic 
emplacement of granites and granodiorites and associated contact metamorphism accompanied the end stages of 
this last deformation. The end of the orogeny was marked by faulting and fracturing (Gandu et al 1986 and 
Anifowose 2004) was of the opinion that the granitic emplacement was probably controlled by fractures within 
the basement, and also showed outcrop pattern indicating that the older granite cut across all other structures 
with sharp and chilled contact. Within the basement complex of Nigeria, four major petro-lithological units are 
distinguishable (Dada 2006), namely; 

 The Migmatite – Gneiss-Quartzite Complex  
 The schist belts  
 The  Pan African granitoids 
 Under formed acid and basis dykes. 
 

 
 
Fig. 2: Drainage Map of  Ljero and Lkoro Ekiti. 
 
Local Geology Of The Study Area: 
 

The study area is located within Ekiti State and its geology consists of Precambrian rocks that are typical to 
the basement complex of Nigeria (Rahaman 1976).The major rocks associated with Ikoro and Ijero area (Fig.3) 
include Pegmatites, Granites, Biotite Schists, Calc-Gneiss, Biotite-Gneiss and Migmatite-Gneiss. The Pegmatite 
occurs in the study area as an intrusion into the older rocks of the migmatite gneiss. The structures found on the 
outcrop shows it has undergone deformation. Such structures include folds of different magnitudes and styles, 
quartz veins and dykes etc. Pegmatitic intrusions on the pre-existing rocks (migmatites and gneisses) occur 
towards the south-western part of the study area, and very close to the centre of Ijero town. The Pegmatites in 
the area are coarse-grained with their phenocrysts over 250mm in length and usually of granitic composition. 
Pegmatites are known to host gemstones and radioactive minerals as well as rare metal-bearing minerals such as 
lithium, scandium and rubidium, but the type of pegmatites discovered in the study area are those with simple 
mineralogy such as Quartz, feldspar, biotite and black tourmaline. The pegmatites are the youngest rock in the 
area. The Granites occur in sucession to the pegmatites. They are coarse grained igneous rock and composed of 
less than 20% quartz and feldspar of which plagioclase and alkali feldspar are present in approximately equal 
amounts. The granite occurs as disseminated bodies of rock within the biotite gneisses, and have colour 
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variations ranging from patches of white, ash colour to patches of black colour. They consist mineralogically of 
feldspar, quartz and biotite. The Granites are located at the south-eastern part of the study area and are mostly 
intrusive. The biotite schists are the third lithological units in the area, they are schistose rocks with 
characteristic greyish colour with black patches of biotite, highly fissile and intensely weathered. They exhibits 
fine grained texture all through the outcrop and covers nearly two third of Ijero area with pegmatitic intrusions 
at some point. The Calc-gneiss is a typical gneissic rock with abundance of calcium. It exhibits a characteristic 
black colour with white specks of quartz.    The texture of the rock is mostly fine grained and display joints of 
several sets. The rock covers a larger part of Ikoro. The biotite- gneisses mapped in the study area are foliated 
with bands of black tints imposed by biotite impregnations alongside felsic minerals consisting of quartz and 
feldspar. Most of the minerals alignments are conformable with the foliation planes of the adjacent schistose 
rock. Biotite gneiss occupies most of the study area, it is the background rock of the area, having medium to 
coarse grained texture, foliated with large phenocrysts. The outcrop displays structures such as fold, foliations, 
joints, quartz vein (which crosscut each other in some localities), exfoliations and a major dyke which runs 
north-south having a diameter of 40cm in size. Most of the biotite gneisses in the study area are located on 
peneplains. This is followed by the migmatite-gneiss which is the oldest rock in the terrain and characteristically 
made up of alternating light and dark bands minerals.  The migmatites in the study area have mineralogical 
banding consisting of quartz, orthoclase and microcline feldspar, hornblende and micas. They occur in secluded 
portions, which are particularly at the south-eastern part of the study area. 

 
 
Fig. 3: Geological Map of the Study Area. 
 
Materials and Methods: 

 
Various materials were used for the different aspect of this work, some of the materials include; sample 

bags used in storing rocks and stream sediment samples before it was transported to the laboratory. The samples 
were carefully labeled with permanent markers to avoid mix up. A set of sieves with perforations of different 
sizes were also used. The first sieve has 0.150mm as its aperture size while the second has 2mm aperture size. 
These were used in separating sediments of 2mm and 0.150 fraction sizes from the bulk samples. Other 
materials included compass clinometers, global positioning system (GPS). The method adopted for this work 
involves systematic geologic mapping of the basement rocks and also systematic sampling of the stream 
sediments along stream channels. It involves both field work and laboratory exercises.  

The field work is essentially geologic mapping. Systematic geological mapping was carried out on a scale 
of 1:50,000 with grid controlled sampling of the stream sediment channels. Fifteen stream sediment samples 
were initially obtained while eight which were representative of the different stream channels were eventually 
analysed. The stream sediment samples were taken at a depth of 20-25cm, bagged and transported to the 
laboratory. The process of sample preparation involves pulverizing and homogenizing the stream sediment 
samples in order to allow it for geochemical analysis. The jaw crusher was used to crush the samples to tiny bits 
until it became very fine. Methylated spirit was used to cleaning the milling machine after each crushing to 
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avoid contamination, the samples were later digested using the lithium borate method and placed in a sample 
container which was properly labeled. The samples were transferred to the laboratory for major, trace and rare 
earth elements determination. The analyses were carried out at ACME Laboratories East Vancouver, Canada. 
The analysis involves the use of lithium Borate method for the major element analysis and the use of Multi-
collector High Resolution inductively coupled Plasma-Mass Spectrometry (ICP-MS) for the trace and rare earth 
elements. 
 
Discussion Of Results: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: Histogram of Mean Values against Major Elements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Histogram of mean values against rare earth elements. 

 
Table 1: Field Description Of Streams Sediments. 
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Table 2: Statistical Distribution Of Major Elements (Wt%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3: Statistical Distribution Of Trace Elements (Ppm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4: Statistical Distribution Of Rare Earth Elements (Ppm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
The results of the field and geochemical investigation of this work are presented in Tables 1,2,3 and 4. 

Table.1 shows the localities and the field description of the stream sediments, table 2 presents the statistical 
analysis of major elements occurring in the stream sediments and table 3 shows the statistical analysis of trace 
elements while table 4 also indicated the rare earth elements detected in the stream sediments. The following 
major elements were also analyzed such as Fe, Al, K, Mg, Ti, Ca, Na and S. The statistical analysis of the data 
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revealed that the average skewness of the totality of the elements analyzed is 2.65, while the average kurtosis is 
6.95. The dominant major elements are Fe and Al with mean values of 0.5% and 0.17% respectively (Table.2). 
Iron (Fe) is the dominant major element in the stream sediments having a range of (0.17-1.56) % and an average 
value of 0.5% indicating that the steam sediments are highly ferruginous and has undergone oxidation which 
resulted in its dominant brownish color. Fe has its highest concentration in IB-5 and its lowest concentration at 
IB-4. It has a skewness value of 2.68 while its kurtosis value is 7.12. This is followed by Alumimium (Al) with 
a mean value of 0.17% and ranges from 0.1% to 0.3%. The abundance of Al in the stream sediments indicated 
the presence of disintegrated aluminosilicate minerals such as feldspars and micas. Al values in the stream 
sediment are higher in IB-5 and lower in IB4 and IB8 (Table.2). The presence of aluminosilicate minerals in the 
stream sediments might be as a result of solubility of some minerals caused by the action of running water on 
the surrounding rocks. Fe and Al show similar distribution patterns in the different stream sediment samples. Al 
has skewness value of 2.65 while the kurtosis value is 6.97. Potassium (K) value in the stream sediment ranges 
between 0.02-0.05 % and has a mean value of 0.03%. The value of K in the stream sediments indicated that clay 
minerals are present in small proportions which might arose from the weathering and leaching of feldspar in the 
surrounding rocks. Due to less resistivity of clay minerals to weathering, most of the elements are easily 
disintegrated. K has its highest concentration in IB-6 and its lowest in IB-7 and IB-8. It also has skewness and 
kurtosis values of 2.71 and 7.22 respectively.  Magnesium (Mg), Titanium (Ti), Calcium (Ca), Sodium (Na) and 
Sulphur (S) are considerably low in concentration. Their values range as follows: Mg(0.01-0.03) %, Ti(0.007-
0.018) %, Ca(0.01) %, Na(0.001) %, S(0.01) % and their averages are 0.02,0.02,0.01,0.01 and 0.01 respectively. 
Mg and Ti show distribution patterns that are similar (Table.2). 

Trace elements were also analyzed in the stream sediments  and they are as follows; Ag, As, Au, B, Be, Bi, 
Cd, Co, Cr, Cs, Cu, Ga, Ge, Hf, Hg, In, Li, Mn, Ma, Nb, Ni, P, Pb, Rb, Re, Sb, Se, Sn, Sr, Ta, Te, Th, Tl, U, W, 
V, Zn and Zr. A close look at the result of the analysis of trace elements (Table.3) revealed that it values range 
from extremely high to extremely low in some locations. Manganese (Mn) and Phosphorous (P) are 
considerably high when compared to other trace elements. Mn ranges from 41-279ppm with an average of 6.75 
and showed higher concentration values in IB-1 and its lowest in sample IB-8, and has skewness value of 2.64 
and a kurtosis value of 7.00. P also records its maximum concentration in both IB-5 and IB-6 and its minimum 
in both IB-4 and IB-8 respectively. It also recorded skewed and kurtosis values of 2.65 and 7.00. Barium (Ba), 
Cromium (Cr), Vanadium (V), Boron (B) and Zinc (Zn) are the next group  of trace elements with moderate 
concentration  such as ; Ba(10-30)ppm, Cr(2-84) ppm, V(2-39)ppm, B(10) and Zn (3-20)ppm and mean 
concentration values of 21.25, 18.12,10.25, 10, and 6.90 respectively. Ba has the highest concentration in both  
IB-5 and IB-6 and has its lowest value in s IB-4 which correlates with the distribution patterns of both Cr and V 
(Table.3) whose highest and lowest points are recorded in  IB-5 and IB-4 respectively. B has an evenly 
distribution pattern with a value of 10ppm while Zn has a unique distribution pattern with its highest point in IB-
6 and its lowest point in both IB-7 and IB-8. Lead (Pb) and Rubidium (Rb) values are moderately low in 
concentration when compared with other trace elements analysed. Their values range from (2.2 – 9.7)ppm and 
(3.3-7.9)ppm respectively and having mean concentration values of 5.95 and 5.6 though, both elements have 
their highest concentrations IB-6 but their lowest concentration points are different. Pb and Rb recorded its 
lowest concentration in IB-2 and IB-8. Ag, As, Au, Be, Bi, Cd, Co, Cs, Cu, Ga, Ge, Hf, Hg, Ln, Li, Mo, Nb, Ni, 
Re, Sb, Sn, Se, Sr, Ta, Te, Th, Tl, V, W, Zr are the rare elements analyzed in the stream sediments (Table.4). 
They have considerably low concentrations when compared with other trace elements. Their values range 
between 0.001 and 4.4ppm. Those with the highest concentrations in the stream sediments include Cesium (Ce), 
Lanthanum (La), Yttrium(Y) and scandium (Sc) (table.4).  Ce has the highest concentration with values ranging 
from 5.37 to 35.8ppm and a mean value of 16.57. La is next with values ranging from 2.9 to 17.9ppm and an 
average of 6.41 while both Sc and Y have concentrations ranging from 0.3 – 1.7ppm and 0.64 -1.77ppm 
respectively with mean values of 0.84 and 1.27. Both La and Y share similar distribution patterns with the 
highest concentration occurring at IB3 and the lowest occurring at IB2 while Ce and Sc do not share distribution 
pattern of concentrations. The histogram of distribution of these elements (major and trace) against their mean 
values are presented in (Figs 4 and 5 respectively. Ce concentration might indicate the presence of an unusual 
distinctive form of monazite [Ce,La{PO4} (cooper, Basham and smith (1983)) , the cerium and lanthanum 
phosphate is the major commercial source of cerium. 
 
Conclusion: 
 

Considering the geochemical analysis of the stream sediments as well as its interpretation, it can be deduced 
that the stream sediments of Ikoro and Ijero Ekiti originate from rocks that are highly rich in ferromagnesian 
minerals. Given the local geology of the area which include the following lithologies such as Pegmatite, biotite- 
schist, Granite, calc-gneiss , biotite-gneiss and migmatite-gneiss, it can be deduced that the geochemistry of the 
stream sediments originated from their surrounding rocks. Fe and Al are the dominant major elements in the 
samples. Fe indicates the possible occurrence of iron-bearing minerals while Al indicates that the stream 
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sediments are also rich in aluminosilicate minerals which are mostly feldspar and mica. The presence of K 
analyzed shows that clay minerals may be present in relatively small proportions which might have broken 
down from feldspar.  High concentrations of Phosphorus (P) indicate the possibilities of locating mineralization 
of apatite and monazite while manganese (Mn) might indicate possibilities of wad. Co, Cr , C u and Ni that is 
present are also basic rock indicator elements (Ako 1980) while the combination of Zr, Hf, Th, U , Ce and W is 
related to pegmatite intrusions found within the study area. It could be concluded that the element distribution 
patterns and chemical composition of stream sediments of Ikoro and Ijero Ekiti is greatly influenced by the local 
geology of the area. 
 
Recommendation: 
  

Owing to the high concentrations of Fe and Al as the dominant major elements, as well as high 
concentrations of Mn and P and Ce as the dominat trace and rare earth elements in the stream sediments 
analyzed from Ikoro and Ijero area, it is recommended that a more comprehensive survey of stream sediments 
should be carried out. Additional study is needed to link these areas to the environments of deposition or source. 
However, the present result provides baseline geochemical information needed to carry out a more detailed 
investigation on the occurrence of heavy minerals in stream sediments of the region. Due to high concentrations 
of elements (major, trace and rare-earth) recorded in locations IB-5 and IB- 6 (Ijero) respectively. It is 
recommended that more detailed geophysical and geochemical surveys are needed in those locations for 
possible mineralization of hematite, apatite and wad. I also recommend detailed geological mapping of the study 
area and Ekiti state at large to evaluate the possible mineralization zones and potential mineable areas as this 
will help in determining the level, quantity and quality (tonnage) of mineralization in place.  Finally, I 
recommend that areas with weak Cu, Pb, Zn, Ba, As and Ni associated with Mn concentrations merit further 
investigation to ascertain if they can be pathfinders to gold mineralization in the area 
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