











Frequency

Frequeancy

Adesiyan and Adekoya. Prospect of metallic mineralization in Gbongan area 155

Sl Dev = 1269

il

50 50 50 %0 450 580
00 WO WO A0 500 600 pe

Fe

1@

24
0 - ,Vri O |-, *L’F‘“
50 1507250 350 450 550 650 7.50

Std. Dev = 1.61
Mean = 2.26

_IN=3500

100 200 300 400 500 600 700 pou

g

200 600 1000 1400 1800

' Sid. Dev = 2886

“Mean = 44.2
e ¥ N=3600

400 500 1200 180.0 2000 e

)
& 514, Dev = 165.35
oy ‘Mean = 114.4
£ N=3600
(254
Ni
14, - —
oy
12.’ i
A
10 ;
8
G-
4
> {
£ =
g 2 ESicL Dev =9.93
g [ Memn = 16.1
T oo AN = 36,00

50 100 150 200 250 300 350 400 450

$10. Dev =321.28
Mean = 555.2

Frequency

7 L7 ﬁ‘vt‘ Zn 7, letl 2
R R R,






Adesiyan and Adekoya: Prospect of metallic mineralization'in Ghongah area

%
Los03s02

2784

UARIABLE =

B = 3%

Pop.  Hean  3%d.Dev.

4 0.53EF  0.1¥5E
g 0.9581 0,156

POp. THRESHOLDS

mmsemmREEy
»e FRTERRILER

2 0.685¢ 3.3

/

Lo ; : : ; - : ,
0.2 1 T S S R A N e
’ ;3 s‘s 56 ¢ 8% 20 8y 59 15 . 1 1 USERS VISUAL

B TTINATED
ERLENT : PRRAAETER ESTINA

pEit ¢ AU FFH

w0 e at™ME

" £.3587 ©.30%8

[STT—

8.0
?5.0

137

I

PELD
TREESROLES
i 4007 EEEN

L \o\
i,i*}(“,j B : . N .

4500y

URKIRELE =
UHIT = TR PPH
Rz 32
O i6

FOPULRTIDNS

N I U I I e S MRS S s e | 7 S
9% 38 3F x o ea 3 18 g 1 USERS UISUAL

FERCENT . FRARABETER ESTINARTES

Fig. 5b

157









. Adesiyan and Adekoya: Prospect of metallic mineralization in Gbongan area

1Eiil2e
127220202

2.200'i

URRTIARLE =

UNHIY = BG PPH
w o= F
B LI = i

POPULATIDNS

(LI 22 hs

Paup . Heun 5£%4.Dev. “«
i 0.754% [ 4T L I
2 1.717¢ 8853 &8 .6
Fidp . THRESHOLSS
1 ~ . 4381 .74k
% [R-3 13 ] 2. 2803

9.00%

T ¥ S S
35 94 2% 5 74 £ 30 15 £
PERCENT

[ . T
-

USERS VISUAL
PARRUETER ESYINMATES

Fig. 5i

19:0%:10
10, Gr0%

16002

UARIABLE =
UHit =

Ho= 2
H €T = FLI

-
£
hod
1
T
“3
&
"
1
e
A
[
©o
[=]
=

H T 0.333% 1.8022

0.20¢

35 3% 35 1 56 5O B s
FERCENT

USERS UISUAL
. . PRRANETER ESTIHRTES

Fig. 5j

161






162

“Probplot” by Stanley (1987) using the IBM 486
computer at the Department of Geology, Obafemi
Awolowo University. The data were log-transformed
prior to plotting and the frequencies were cumulated
from the highest to the lowest values following
Lepeltier’s (1969) method in order to give maximum
emphasis to the higher values.
The plots of all the elements show two distinct
populations with the exception of Fe and Cu each of
which shows only one population (Fig.4). The two
populations of Au occur at relative proportion of 25%
, and 75%, while those of Ta occur at 30% and 70%.
Similarly, the populations of Co, Sn, Ni, Zn, Mn, Cr,
Hg and Pb occur at 30% and 70%, 20% and 80%,
10% and 90%, 60% and 40%, 20% and 80%, 15%
and 85%, 10% and 90%, and 30% and 70%
respectively. The two populations of all the affected
elements can represent the background and
anomalies or the heterogenous nature of the
underlying rocks in the study area. They could also
represent hydromorphic anomaly superimposed on
normal dispersion halo. In the case of Fe and Cu, the
single population can be interpreted as the
background.
Table 2 shows a summary of the statistical parameters
obtained from the cumulative probability plots of the
elements. A comparison of the mean values shown
on this table with the arithmetic means on Table 1
indicates that the latter corresponds to the means of
the second populations, showing that the mean values
are biased towards the high values in a single
population.
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Simple Pearson Correlation:

Certain groups of elements respond more or less
similarly to a given set of environmental conditions.
Consequently, mutual correlations between different
elements serve to identify more clearly the variations
present in the geochemical landscape (Levinson,
1974).

Pearson linear correlation of elements measures the
linear relationship between different pairs of
elements. The correlation matrix for the data obtained
in this study (Table 4) was generated with the use of
statistical package for Social Sciences. It shows both
positive and negative correlation. The values range
from “0.01 for Fe and Ta to 0.92 for Ni and Fe. Some
of the elements pairs have fairly strong to strong
positive correlation with one another but Sn and Ta
have a weak positive correlation with each other and
weak negative to positive correlations with some other
elements. In some cases, Au and Hg also have a
weak positive correlation with the other elements.
All the fairly strong to strong positive correlation
coefficient (r) values are significant at 95% and above
confidence level. The fairly strong to strong positive
correlation between most of the elements (Table 4),
may indicate the scavenging effect of Fe and Mn
oxides and hydroxides on heavy metals in the study
area. The higher value of 0.92 between Ni and Fe
probably indicates that Fe has a strong scavenging
effect than Mn in the area.

Moreover, the strong positive correlation between
some of the elements, notably, Fe/Cu, Mn/Co, Pb/

Table 2: Graphically determined statistical parameters of stream sediments

geochemical data of the study area
Element | Population | Mean | Standard Threshold | Percentage
deviation (ppmy) {%)
An 1 4 6 8 25
2 10 14 21 75
Ta 1 248 399 643 30
2 765 1026 1375 70
Co 1 6 10 15 30
2 22 36 59 70
Sn I 22 49 112 20
2 192 379 748 80
Fe 1 2 4 10 100
Ni 1 5 6 8 10
2 15 25 41 90
Zn I 23 33 48 60
2 64 105 172 40
Mn 1 203 304 453 20
2 575 894 1389 80
Cr 1 6 7 8 15
2 12 16 23 85
Hg 1 5 13 38 10
2 48 88 161 90
Pb 1 25 33 46 30
2 54 74 102 . 70
Cu 1 8 14 25 100

Fe is given wi%
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Zn, Ni/Cu, Ni/Co etc may be indicative: = 1t 1
mafic/ultramafic rocks with sulphides. The fairly
strong positive correlation of Au with some of these
metals may also suggest the presence of gold-bearing
quartz veins in the : a. Woakes et al., (1987) noted
that the typical gold bearing quartz veins do carry
some sulphides, galena and pyrite being the most
common.

R-mode factor analysis:

The R-mode factor analytical technique is the most
commonly used in geochemical exploration. It assists
in grouping the muiti-element geochemical data into
metal associations, which characterize specific
geological processes, thereby improving the
interpretation of the data. In this study, the R-mode
factor analysis using the varimax rotation method with
Kaiser normalization was employed. The data were
log-transformed before being analysed and the factor
solutions provide information on loading, communality
and eigen values.

In the analysis, the three factor model (Table 5) which
account for 75% of the data variability is considered
appropriate in view of known geology of the stuc,
area.

Factor 1: (Fe-Ni-Mn-Pb-Cu-Co-Zn-Cr-Au
association) accounts for 52.7% of the model
variance. It also has some contribution from Hg and
the metal association defines mainly a mafic
lithological control, which reflects probably the
parent rock as the do_.___ant influencing factor. It
- could also be interpreted as the presence of sulphide
minerals with which gold is associated or gold quartz
veins occurring within mafic rocks.

Furthermore, this association coupled with the strong
positive ecorrelation between most of the elements
may indicate co-precipitation activities of Fe-oxide
and Mn-hydroxide in the vicinity mafie suites.
Factor 2: (Hg Vs Ta association) accounts for 12.2%
of the model variance. It probably represents the
effect of felsic rocks on the composition of the stream
sediments in question. The inverse relationship of Ta
with Hg in the factor may suggest the presence of
felsic rocks such as pegmatites and gneisses, with
sulphides carrying veins. This is consistent with the
lithology of the area where there are gneisses and
pegmatitic intrusions.

Factor 3: (Sn) accounts for 10.4% of the model
variance with some contribution from Au. This factor
defines felsic lithological control and the association
of Au here may suggest placer Au and Sn. The Snis
probably derived from the pegmatite.

Distribution of Elements:

To explain element’s concentration in earth’s sampled
materials and thus consider the eleinent’s significance
in a study area, a basis of comparison is required.
The average abundance of elements in the eartlf’s
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crust, ultramafic rocks, soil and granite (Table 5)
serves that purpose in this study.

The distribution maps of all the elements analysed in
this study are herein presented (Fig. 6, A-L). The
maps are super-imposed on the geological map of
the area to aid the description of elements distribution.
Gold:

Gold, a precious metal, which commonly occurs in
the native form, was found in all the samples analysed.
It values rangc between 3 ppm and 23 ppm with a
mean value of 9+ 5 ppm, coefficient of variation of
56% (Table 2) and a threshold value of 19 ppm. T" e
mean value is relatively high when compared with
the average abundance of gold in the earth’s crust,
ultramafic rocks and granites and there are two
anomalous values of 20 ppm and 23 ppm at the
northeastern part of the area (Fig. 6 A). This part is
underlain by schist undifferentiated with some
gneisses. Also, fairly high values of 16 ppm, 17 ppm
and 18 ppm were recorded in the northwestern part
where the underlying rock is pegmatitised schist.

It is pertinent to note that there is similaritv in the
patterns display ' »y the geochem . of Au,
Co, Fe, Ni, Mn, Hg, Pb and Cu, particularly in areas
with high concentrations. This is suggestive of a close
association bc . . _‘hese elements, which may not
be unconnected with co-precipitation activities of Fe
and Mn with other elements.

However, with the high values recorded for gold, the
possibility of occurrence of placer gold in the study
aree be ruled out. Tt zht resulted
from tne erosion of disseminated gold in the schists
and or gold bearing quartz veins within gneisses and
pegmatite.

Tantalum:

Tantalum has a very low mobility in all the
geochemical environments and this is responsible for
its usual occurrence in form of placer deposit. It was
detected in 32 samples of the 36 samples analysed
(Fig, 6B), with a coneentration range of 7 ppm to
1767 ppm and a mean value of 595497 ppm. The
coefficient of variation is 84%.

Tantalum is evenly distributed in the study area. It
has a threshold value of 1589 ppm and there are two
anomalous values of 1745 ppm and 1767 ppm in the
northeastern and western parts of the area
respectively, when the 2587 ppm value obtained in
the western part is not considered because it is thought
to be an outlier. Below the threshold, t. ire other
fairly high values, scattered all over the study area
and these high values, the anomalous inclusive, are
not restricted to areas underlain by particular rock
type.

However, the source of tantalum in this area is
thought to be the intrusive pegmatite. According to
Woakes et al. (1987), mineralized pegmatites consist
of quartz, potash feldspar, albite, muscovite and less
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Fig. 6A-L
A — Distribution of Gold in Stream Sediments of Gbongan and Environs

B ~ Distribution of Tantalum in Stream Sediments of Gbongan and Environs
C - Distribution of Cobalt in Stream Sediments of Gbongan and Environs

D - Distribution of Tin in Stream Sediments of Gbongan and Environs

E — Distribution of Iron in Stream Sediments of Gbongan and Environs

F ~ Distribution of Nickel in Stream Sediments of Ghongan and Environs
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Zine:
The concentration of zinc 1n the study arca ranges
between 11 ppm and 205 ppm. 1t has a mean value
of 4439ppm and a coefficient of variation of 89%.
The element is widely distributed in this area, as it is
detected in all the samples analysed (Fig. 6G) and its
abundance is fairly high. With a threshold value of
122 pprn, there are two anomalous values of 144 ppm
and 205 ppm and both values occurred on streams
around the northwestern part of the study area, where
the underlying rock is pegmatitised schists. In addition
to these anomalous values, other fairly high values
of between 74 ppm and 93 ppm were obtained around
the northwestem part. These values, excluding one
74 ppm are in the area with schists as the underlying
rocks. The 74 ppm was obtaincd on a stream in an
area underlain by gneiss and migmatite
undifferentiated.

With zinc’s mean lecvel of occurrence, its
mineralization is unlikely in the study area. This is
especially true when the mean is compared with the
average abundance of zinc in soil, which is between
10 ppm and 300 ppm. The relatively high values
obtained in some parts of this area may therefore be
connected with cocoa plantation, which is
characterized by high accumulation of leaves from
which zinc can be derived (Goldsmith, 1958). Another
possible source of the high zinc values may be the
sulphides associated with thie suspected primary gold
mineralization in the area.

Manganese:

Manganesc is associated mostly with basic igneous
rocks. Chemically and geochemically, it stands closest
to iron, and it forms nore than a hundred minerals,
only few of which are widespread and rich (Dorokhin
et al., 1969).

In the study area, the concentratton of manganese
range between 108 ppm and 1616 ppm, with a mean
value of 555321 ppm and a coefficient of variation
of 58%. This takes no cognizance of some valucs,
which are considered to be erratically too high. These
values are 3094 ppm, 3452 ppm and 6574 ppm. With
this, the threshold value of Mn in the area is 1197
ppm and there is only one anomalous value of 1616
ppm. This anomalous value was obtaincd at the
northwestern part where the erratically high values
also occurred. Here thc underlying rock is
pegmatitised schist. Apart from these, there are some
other fairly high values scattered all over the area in
parts, which arc underlain by the different rock types.
The distribution of Mn in the study arca is widespread
(Fig. 6H). All the samples analyscd reflects it and its
distribution map is fairly similar to that o[ some other
elements such as Co, Ni, Fe, Zn, and Cu. This suggests
the scavenging effect of Mn hydroxide in the area.
Although its mean level of occurrence in the area is
higher than the average abundance of Mu in the
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earth’s crust, which is 950 ppm, mineralization is not
suspected. The anomalous values obtained are
probably due to the scavenging action.

Chromium:

Chromium is characteristically associated with
ultramafic and mafic rocks where its mean
concentration reaches 2000 ppm as against 4 ppm
for granites (Levinson, 1974). [t is very immobile in
sccondary environment.

Chromium was detected in ali the samples analysed
in this study (Fig. 6l). Its concentration range is 5
ppm to 24 ppm and the mean valueis 115 ppm, while
the coefficient of variation is 46%. With a threshold
value of 21 ppm, there are three anomalous values
for cliromium In this area. Two of these values, that
is, 23 ppm and 24 ppm were obtained on streams
around the northwestern part, underlain by
pegmatitised schists and undifferentiated gneiss and
migmatite respectively. The remaining one of 23 ppm
was obtained on a stream to the southwestern part,
also underlain by pegmatitised schist. Generally, low
values of chromium in this area are associated with
pegmatite. At its mean level of occurrence,
mineralization of chromium is very unlikely in this
area. The only anomalous value associated with the
mignatite may be due to coprecipitation with Mn
hydroxide and or Fe oxide.

Mercury:

Mercury as an individual element has closc
association with precious mctals and elements of
volcanogenic deposits. This makes it a useful
pathfinder for Au, Ag, Sb and massive sulphides
(Rose er al., 1979).

In the study area, the abundance of mercury is
relatively high, but it is not very widely distributed
(Fig. 61). It was detected in 20 out of the 36 samples
analysed and it gave a concentration range of 2 to
121 ppm and a mean value of 4638 ppm. The
coelficient of variation is 82%. With a threshold value
of 121 ppm, there seems to be no anomaly for
mercury in this area. However, a few fairly high
values of between 75 ppm and 121 ppm occur in the
northwestern, northeastern and southwestem parts
of the area. Remarkably, some of these parts
recorded the highest valucs of Au, Fe, Zn, Ni and
Mu, suggesting z kind of closc association betwecn
these elemcnts, which may be connected with the
suspected gold mineralization in the area.
Compared with the average abundance of Hg in all
the rock types in the area, the concentration of this
element seeins to be igh considering its mean level
of occurrence. Howevecr, this is not thought to be
due to Hg mineralization or contamination but rather
the suspected gold mineralization and oceurrence of
sulphides in the area.
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Lead:

Lead is more often found as Pb* and it has a
relatively low mobility. This low rate of nebility
according 1o Rose et af., (1979) affords its use in
geochemical prospecting wherc its concentration in
stream sediments may be an indication of lcad-rich
deposits.

All the samples analysed in this study contained lead,
the concentrations of which range between 12 and
99 ppm (Fig. 6k). The mean value is 4822 ppm and
the coefticient of variation is 82%. With it threshold
value as 92 ppm, there is apparently only one
anomalous value of lead in this area and it is situated
on river Opa at the north central part, which is
underlain hy pegmatitised schist. Apart from the
anomalous value, there are other fairly high values
of between 71 and 85 ppm. These arc howcver,
randomly distributed within the study arca but
restricted to the parts underlain by pegmatitised
schists and granite gneiss.

At its mean level of occurrence, the coneentration
of lead in the study area is relatively high. This is
particularly true when it is compared with its average
abundance in granitie rocks, which is 20 ppm.
However, this high concentration is difficult to attribute
to mineralization, as the origin of lead in the area is
not very clear. The high value may be due to the
feldspar within pegmatites or the micas in the
gneisses. Wedepohl (1970) reports the primary
oceurrcnce of lead in K-feldspar structure in which
the element diadochically replaces the potassium.
Cech et al, (1971) has also observed the
accumulation of lead in pegmatites in which it occurs
in amazonite feldspars, To this end, further studies
may have to be undertaken to ascertain the source
of the lead and find out whether it is related to
mineralization or not.

Copper:

Copper shows similar dispersion characteristics to
those of cobalt and nickel in the secondary
environment. [t has intermediate mobility, which is
atfected by adsorption to Fe- and Mn- oxidc and
organic matter. It also precipitates by hydrolysis at
pH greater than 5.0 (Rose er al., 1979).

All the samples analysed in the study contained
copper (Fig. 6L.) with a concentration range of 3 ppm
to 25 ppm and a mean value of 96 ppm. The
coefficient of variation is 67%. With its threshold
value being 21 ppm, the anomalous values of copper
in this arca are only two. Both of them are 25 ppm
and one occurs at the northwestern part while the
other is found at the southwestern part. Also, there
arcother fairly high values but all these together with
the anomalous and cven the low values exhibit a
distribution pattern similar to those for cobalt and
nickel.
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With its mean valuc of 9 ppm, the abundance of copper
in the study arca is low when compared with the
average abundancc of copper in ultramafic and
granitic rocks, which are 55 ppm and 10 ppm
respectively. The anomalous values are therefore
probably due to co-precipitation and or adsorption of
Cu to Fe- and Mn oxides and organic matter. They
may also be attributed to the presence of sulphides,
which are associated with the suspected primary gold
mincralization carlier mentioned. The positive
correlation between copper and other elements such
gold, cobalt iead etc supports this.

3. Discussion

The frequency plots show that the distribution of most
of the elements analyzed from the study area is
largely lognormal. However, the distribution ptot of
Cr and Pb are somcwhat normal.

Zn, Sn and I1{g have a strong positive skewness, while
Au, Ta, Co, Fe, Ni, Mn and Cu are less skewed., All
these elements show a mixture of two populations
with the most distinct being the populations for Pb.
The cumulative probability plots (Fig. 5) show two
distinct populations for all the clements, except for
those of Fe and Cu with one population each. The
first populations of the affected clements are
predominantly baekground, while the second
populations are mainly anomalous populations. Thesc,
most probably reflect the heterogenous nature of the
underlying geology and co-precipitation and adsorption
activities of Fe, Mn and clays on other elements in
the study area. A few of the anomalous population
may also be due to mineralization, as it is suspected
in the case of gold, tantalum and tin.

Moreover, the fairly strong to strong positive
correlations between most of the elements notably
between iron and nickel, manganese and cobalt, lead
and zine, nickel and copper, nickel and cobalt etc.,
may indicate scavenging cffects. This is possible in
an area underlain by both mafic and uitramafic rocks.
The scavengers are most probably Fe- and Mn-oxides
and hydroxides. Also, the fairly strong positive
correlations between gold and cobalt, gold and nickcl,
gold and zinc, gold and mnanganese, gold and lead,
and gold and copper probably suggests the presence
ol gold-bearing quartz vein with sulphides within the
underlying rocks of the area. However, the erosion
of this vein, and the schists in thc arca might have
resulted in the fonmation of aliuvial gold deposit.
The results of the factor analysis (Table 4) shows
that the distribution patterns of the elements studied
depend largely on the lithology of the arca. There
are also cvidences to support co-precipitation of
certain elements like Ni, Pb, and Cu with Mn and or
Fc in the vicinity of mafic suites, and gold, tantalum
and tin mineralization.

From the geochemical maps (Fig. 6A-L) it was
obvious that the distribution of the trace elements in
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the study area is largely lithologically controlled.
However, abundant occurrences of most of these
elements are restricted to areas underlain by rocks,
which are their expected sources. Examples are the
high concentration of gold, nickel, chromium, zinc and
manganese recorded in areas underlain by the schists,
which may include amphibolite and talc schists.
However, there are a few exceptions, such as where
high concentrations of tantalum and tin are recorded
in areas underlain by schists instead of pegmatite,
which is their expected source rock. This situation
confirms the heterogeneous nature of the underlying

. rocks in the study area, where a stream may drain
two or more rock types.

4. Conclusion

Some rocks of the Precambrian Basement Complex
of Nigeria underlie the study area. The results
obtained from the geochemical studies indicate the
heterogeneous nature of the underlying rocks. The
geochemical maps  svidea | ¢ _ v of
elements distribution in the area. It also facilitates
comparison between the distribution pattern and the
geology, as well as possible geochemical associations.
Certain elements such as Au, Co, Fe, Ni, Mn, Hg, Pb
and Cu, show similarity in their geochemical
distribution maps. These suggest close associations
between these elements. It is not unlikely that some
of these elements e.g. Ni and Cu have primary
association with the suspected Au deposit. The belief
is buttressed with the strong positive correlation
between most of these elements and the kinds of
factor models obtained from factor analysis.

There are strong evidences to support the scavenging
effects of iron and manganese oxides and hydroxides
on the abundance of certain elements in the different
parts of the study area. Mineralizations of gold,
tantalum and tin in the forms of placer deposits are
also suspected.

It may be concluded that stream sediments are useful
tool in the geochemical mapping of the study area. It
serves as a pointer to possible occurrence of
mineralization. Also, the multiple approach to
interpretation of the analytical data was found to be
excellent.
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