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Abstract: The solid mineral industry in Nigeria has not seen any major investment since Nigeria became a major player in the production and 
exportation of hydrocarbon products. In recent years, the Federal Government of Nigeria has made reasonable efforts to revive the solid mineral industry 
through the World Bank assisted Sustainable Management of Mineral Resources Project. Regardless, the exploration for gold, a widespread mineral 
resource in the country continues to suffer from lack of funds when the global demand for gold as a store of value continues to surge. In this study, 
samples of outcrops of Precambrian basement rocks in Ogute area were analyzed for their Au, Ag, Cu, Zn and Pb contents using an Atomic Absorption 
Spectrophotometer. Statistical data and spatial geochemical concentration contour maps developed with Surfer software illustrates that the 
mineralization of Au, Ag and Pb probably occurs in the porphyritic-biotite-granite. There is also potential for Zn mineralization to occur in the granodiorite. 
The microgranite is un-mineralized with the analyzed elements, as a result of lateral depletion or element mobilization facilitated by thermal conductivity 
associated with the emplacement of quartz veins. The association of Ag with Au in the bulk fraction suggest that the Au-mineralization is probably 
epithermal Au-Ag vein deposits.  
 
Index Terms— Key words - Concentration contour map, Geochemical anomaly, Gold, Primary pattern, Surfer. 
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1 INTRODUCTION 
The search for concealed mineral deposits is perform 
sampling a geochemical medium or media that can lead to the 
discovery of such deposits [1]. Some important geochemical 
sample media that have been used successfully in the recent 
past include soil, stream sediment, and termitaria or termite 
mound [2, 3, 4, 5, 6]. Rock as a medium for reconnaissance 
geochemical prospecting for mineral deposits is not used as 
much as soil and stream sediments. This is because of the 
difficulty involved in sampling representative rock samples and 
the pattern of distribution of outcrops within an area [1]. 
However there are previous studies where the patterns of 
abnormal concentrations of chemical elements in rock 
samples have led to the successful discovery of concealed 
mineral deposits [e.g. 7; 8]. The study area (Ogute and its 
environs) lies between latitudes 7o14'N and 7o18'N and 
longitudes 6

o
14'E and 6

o
19'E. The area lies within the Igarra 

basement area which is part of the south-western Basement 
Complex of Nigeria (Fig. 1). An extensive discussion of the 
geology of the Igarra basement area is documented by [9]. 
The rock units mapped in the study area includes porphyritic-
biotite-granite, microgranite and granodiorite. The porphyritic-
biotite-granite occurs across the largest part of the study area, 
and the microgranite and granodiorite occur within the central 
part of the study area (Fig. 2). In the Ogute area, crystalline 
basement outcrops are ubiquitous and easy access is 
provided by excellent networks of roads and footpaths. As a 
result, the area is suitable for geochemical reconnaissance 
surveys for concealed mineral deposits. Nevertheless 
lithogeochemical data on the rocks of the study area is scanty 
or non-existence. The present study, therefore, is focused on 
establishing the distribution of element concentrations in rock 
units of the Ogute area and also to delineate zones of 
anomalous metal concentrations in the rocks. 
 

2 MATERIALS AND METHODS 
The first stage of the study consists of geologic field mapping 
that entails the collection of rock chips from outcrops of the 
different rocks that occurs in the study area. Atomic Absorption 
Spectrophotometer was used to analyse samples of the rocks 
for their Au, Ag, Pb, Zn and Cu content after hot digestion with 
aqua regia. The chemical data is processed with Microsoft 

Excel and Surfer software to generate univariate statistics and 
grid files for the elements analyzed. The gridded data in Surfer 
are used to produce geochemical contoured maps to illustrate 
the spatial distribution of element concentration in the rock 
units and to discriminate zones of anomalies from background 
areas. 
 

3 RESULTS AND DISCUSSION 
The results of the chemical analysis illustrate that the average 
content of the Au in the rock samples is maximum (35.6ppm) 
for the porphyritic-biotite-granite and minimum (11.4ppm) for 
the microgranite. An intermediate average Au content of 
20.7ppm characterized the granodiorite (Table 1; Fig. 3). It is 
also evident from Table 1 and Figure 3 that the average 
content of Ag in the rock samples is maximum (8.5ppm) for the 
porphyritic-biotite-granite and a minimum (5.7ppm) for the 
microgranite. Similar to Au, intermediate Ag content of 6.2ppm 
characterized the granodiorite. A different trend in element 
content however occurs with Cu, Zn and Pb (Table 1; Fig. 3). 
Average Cu content is maximum (8.3) for the microgranite and 
a minimum (5.3ppm) for the granodiorite. Rock samples of 
porphyritic-biotite-granite have intermediate average content 
(7.4ppm) of Cu. Average content of Zn is highest (7.3ppm) for 
samples of granodiorite and minimum (4.1ppm) for 
microgranite rock samples, while intermediate Zn content 
(6.2ppm) occur with samples of porphyritic-biotite-granite. 
Rock samples of granodiorite have with maximum (15.3ppm) 
average Pb content whereas samples of porphyritic-biotite-
granite shows a minimum average Pb content of 9.5ppm. 
However, an intermediate average Pb content (10ppm) is 
associated with samples of microgranite. 
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Fig. 1. Geologic map of Nigeria showing the location of the 

study area; adapted from [10]. 
 

 
Fig. 2. Simplified geologic of Ogute and its environs showing 

the distribution of rock units. 
 

Table 1. Average element content in rock units of Ogute 
area (in ppm) 

 

 
 
 

 
 

Fig. 3. Mean element content in rock units 
 

  
 

Furthermore, the result of chemical analysis illustrates that the 
concentration of Au is higher in samples of the porphyritic-
biotite-granite than samples of granodiorite and microgranite in 
the Ogute area (Fig. 4). Similarly, the median content 
(38.5ppm) of Au is higher in the porphyritic-biotite-granite than 
in samples of granodiorite and microgranite that are 
characterized with median values of 16.5ppm and 11.7ppm 
respectively (Fig. 4). The observed median of Au content 
suggests that 50% of samples of porphyritic-biotite-granite 
have 38.5ppm or higher Au content, whereas 50% of samples 
of microgranite and granodiorite have Au content that equals 
or greater than 16.5ppm and 11.7ppm respectively. This 
statistical information indicates that the porphyritic-biotite-
granite is a possible source of gold mineralization in the Ogute 
area. On the basis of statistical information above, an 
additional possible source of gold that could also be a target 
for further exploration surveys is the granodiorite (Fig. 4). In a 
previous study, the statistical median has been employed to 
indicate the presence of high Au content in samples of 
ultramafic (serpentinite), and also to identify the source of gold 
mineralization in the Hajr gold mine, Saudi Arabia [11]. Figures 
5-9 are geochemical concentration contoured maps that 
illustrate the spatial distribution of element concentrations in 
the study area. The geochemical concentration contoured map 
of Au discriminates a positive anomaly that occur to the east 
and a negative anomaly that is located to the south of the area 
(Fig. 5). The positive anomaly is characterized by inwardly 
increasing spherical-elliptical concentration contours, and the 
negative anomaly shows inwardly decreasing concentration 
contours that are also elliptical in configuration. The positive 
anomaly developed within the area where the porphyritic-
biotite-granite occurs in the north-west, whereas, the negative 
anomaly occurred within the porphyritic-biotite-granite in the 
south and developed into the southern area of granodiorite 
(Fig. 5). The presence of the negative anomaly in association 
with positive anomalies in the porphyritic-biotite-granite and 
granodiorite suggest some form of lateral dispersion of 
element (s) during ore-forming processes [e.g. 12, 6]. 
Furthermore, the overlap of the negative anomaly across the 
boundary with the granodiorite may indicate that some 
mobilization and dispersion occurred through the granodiorite 
that resulted in the depletion of Au content. According to [11], 
element mobilization through host rocks may occur when 
thermal conductivity caused by quartz veins and aplite-dyke 
intrusions developed in the rock.  Although, in the study area, 
no aplite-dyke intrusions are observed, it is probable that the 
quartz veins that occur in the granodiorite have favoured 
thermal conductivity of gold to mobilize through the rock during 
ore-forming process. These deductions corroborate 
information from statistical interpretation and suggest the 
porphyritic-biotite-granite as a main source of gold 
mineralization in the study area. 
 

Rock Units

No of 

Samples Au Ag Cu Zn Pb

Microgranite 12.0 11.4 5.7 8.3 4.1 10.0

Granodiorite 12.0 20.7 6.2 5.3 7.3 15.3

Porphyritic- 

biotite-granite 15.0 35.6 8.5 7.4 6.2 9.5
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Fig. 4. Univariate statistics of Au in rock units of Ogute area. 
Note that the mean and median content of Au is higher in the 
Porphyritic-biotite-granite than in other rock units. 

 
The geochemical concentration contoured map of Ag is similar 
in pattern to that of Au in the sense that a positive anomaly 
and a negative anomaly also developed in the north-west and 
south of the study area respectively. The positive anomaly is 
spherical-elliptical while the negative is spherical in 
configuration (Fig. 6). Furthermore, the positive anomaly 
occurs in the porphyritic-biotite-granite while the negative 
anomaly developed in the boundary between the porphyritic-
biotite-granite and the granodiorite, although it is more 
developed into the former rock unit. An additional negative 
anomaly occurs in the northern part of the study area that is 
spherical-elliptical in configuration, although it is not as 
developed as the one that developed in the south. As 
mentioned earlier, for Au, the presence of a negative anomaly 
with positive anomaly also indicates lateral dispersion or Ag 
mobilization through the granodiorite as element concentrates 
in the porphyritic-biotite-granite during ore-forming process 
[e.g. 12, 11, 6]. According to [12], negative anomalies may 
develop due to loss of ore elements. In line with this assertion, 
the negative anomaly in the northern part may have developed 
from insignificant loss of ore elements during the lateral 
dispersion process which results in the development of an 
insignificant geochemical response. The anomalies in the 
geochemical contour map illustrate that the porphyritic-biotite-
granite is a possible source of Ag-base metal mineralization. 
The similarity in the Ag primary anomalous patterns and trend 
with the primary patterns and trends observed for Au 
anomalies suggest the association of Ag with Au in the bulk 
fraction which indicate that the deposit is probably epithermal 
gold-silver vein type mineralization [e.g. 13]. The geochemical 
concentration map for Cu shows a negative anomaly that 
developed in the microgranite and also extends across its 
boundary with the granodiorite (Fig. 7). The negative anomaly 
is characterized by an elliptical configuration that trends 
approximately north-south. The occurrence of a negative 
anomaly in a geochemical system with no positive anomaly 
close by has been attributed to the effect of “lithogenesis” [12]. 
The contoured concentration map for Zn illustrates a negative 
anomaly that occurs dominantly in the microgranite and also 
developed across the boundary with the porphyritic-biotite-
granite (Fig. 8). The pattern of the anomaly is spherical-
elliptical and trends approximately N-S. In addition, a positive 
anomaly that is of a similar trend occurs in the granodiorite at 
about 1km from the microgranite (Fig. 8). The proximity of 
these anomalies may suggest a local concentration of Zn in 
the granodiorite as it is laterally dispersed through the 

microgranite during ore-forming process [e.g. 12]. In the 
geochemical concentration contoured maps for Pb, a positive 
anomaly occurs in the porphyritic-biotite-granite in the northern 
part of the study area and is characterized by a primary 
pattern that is spherical-elliptical, and trends in a north-south 
direction (Fig. 9). Furthermore, a negative anomalous 
concentration of lead occurs in the microgranite at about 500m 
from the positive anomaly in the porphyritic-biotite-granite. The 
configuration of the anomaly is spherical-elliptical and extends 
across the boundary between the microgranite and the 
porphyritic-biotite-granite. The proximity of the negative 
anomaly to the positive anomaly with which it is similar in trend 
suggests an occurrence of local concentration of Pb in the 
microgranite [e.g. 12]. A more significant positive anomaly of 
Pb occurs in the porphyritic-biotite-granite to the south of the 
study area, and it is characterized by an elliptical pattern that 
trends NW-SE. 
 

 
Fig. 5. Geochemical contoured map showing the spatial 
distribution of Au in rock units (contours in ppm) Pbg = 
porphyritic biotite-granite, Gdr= granodiorite, Mcg = 
microgranite. Dashed lines are rock boundaries. 
 

 
Fig. 6. Geochemical contoured map showing the spatial 
distribution of Ag in rock units (contours in ppm). Pbg = 
porphyritic-biotite-granite, Gdr= granodiorite, Mcg = 
microgranite. Dashed lines are rock boundaries. 
  

4 CONCLUSION 
Results of the study suggest that the porphyritic-biotite-granite 
is a probable primary source of Au in the area with 50% of the 
samples containing greater than or equals to 38.5ppm of Au. 
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In the spatially rendered geochemical map contoured for Au, 
positive anomaly occurs in the porphyritic-biotite-granite which 
corroborates the deduction from statistical analysis. The 
presence of negative anomaly occurring with the positive 
anomaly of Au in the porphyritic-biotite-granite is evidence that 
lateral dispersion of Au occurred during ore-forming process. It 
is evident from statistical data that the porphyritic-biotite-
granite has a higher mean content of Ag (8.5ppm) than that of 
granodiorite (6.2ppm) and microgranite (5.7ppm). In the 
geochemical map contoured for Ag, positive and negative 
anomalies jointly occur in the porphyritic-biotite-granite. As a 
result, the porphyritic-biotite-granite is a probable source of Ag 
mineralization in the Ogute area. Furthermore, the similarity in 
the pattern and trends of primary anomalies of Ag and Au 
suggest that Ag occur with Au in the bulk fraction of the 
analyzed samples and also indicate that the mineralization in 
the porphyritic-biotite-granite is probably Au-Ag-base metal 
epithermal vein deposits. 
 

 
Fig. 7. Geochemical contoured map showing the spatial 
distribution of Cu in rock units (contours in ppm). Pbg = 
porphyritic biotite-granite, Gdr= granodiorite, Mcg = 
microgranite. Dashed lines are rock boundaries. 
 

 
Fig. 8. Geochemical contoured map showing the spatial 
distribution of Zn in rock units (contours in ppm). Pbg = 
porphyritic biotite-granite, Gdr = granodiorite, Mcg = 
microgranite. Dashed lines are approximate rock boundaries. 
 

  

 
Fig. 9. Geochemical contoured map showing the spatial 
distribution of Pb in rock units (contours in ppm). Pbg = 
porphyritic biotite-granite, Gdr= granodiorite, Mcg = 
microgranite. Dashed lines are rock boundaries. 

 
The occurrence of a negative anomaly of Cu in the 
microgranite and the absence of a Cu positive anomaly in the 
studied rocks suggests that Cu mineralization does not occur 
in rocks of the Ogute area. The geochemical concentration 
map contoured for Zn illustrates a positive anomaly in the 
granodiorite and a negative anomaly in the microgranite. 
These anomalies show similarity in trend and dimension which 
may indicate that Zn concentration may have occurred in the 
granodiorite as a consequence of lateral dispersion or 
mobilization of Zn through the microgranite. Element 
mobilization of this type would occur when thermal conductivity 
result due to quartz veins or aplite-dyke intrusions in country 
rocks. These findings suggest that the granodiorite is a 
possible source of Zn mineralization in the Ogute area. In the 
geochemical concentration maps contoured for Pb, positive 
anomalies occur in the porphyritic-biotite-granite and negative 
anomaly occurs in the microgranite. These observations 
suggest that porphyritic-biotite-granite is a possible source of 
Pb mineralization, and that lateral dispersion of Pb occurred 
during ore-forming process. The microgranite is un-
mineralized with the analyzed elements; as a result of lateral 
depletion or mobilization that result from thermal conductivity 
related to the occurrence of quartz veins in the country rock. 
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