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ABSTRACT

Stream sediment and rocks were sampled and analysed for their gold and other elemental
contents, the study area lies within longitude 006°24'30.00"E and 006°26'30.00”E and
latitude 09°28'30.00"N and 09°29'45.00"N part of Bida Sheet 184NE. The aim of the study is
to evaluating the gold and other mineralization potentials of the stream sediments and rocks.
Ten stream sediments and five rock samples were analysed, using Instrumental Neutron
Activation Analysis (INAA), Inductively Coupled Plasma (ICP) and Thermal Desorption
Mass Spectrometry (TD-MS). The study area is underlain by schist and Granite. The result of
the analyses shows gold enrichment of 140 timesand Al enrichment of12.36 and low
enrichment factors for the rest elements in the sediment, while gold enrichment in rock
sample is 69.8. From these results, only gold has shown potential mineralization within the
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INTRODUCTION

old mineralization is present in primary rocks and

alluvial (stream sediments) as primary and

secondary concentration respectively in most parts
of the schist belts in the north-western and south-western
parts of Nigeria, especially within and around the
Precambrian rocks of the Maru Schist belt. The most
important geological occurrences are located within the
Anka, Zuru Maru and Kushaka schist belt in the north-west
and the Egbe-Isanlu and Ilesha schist belts in the south-west
(Oyebanji ef al., 2017; Ajibade, 1976, 1980, Turner, 1983;
Rahaman, 1976; Truswell and Cope, 1963; Fitches et al.,
1985, and McCurry 1976).

Stream sediment and rocks usually play suit for secondary
and primary gold and other related minerals respectively.
Hence, the geological and geochemical studies of the
geological media (rocks and stream sediments) have proven
to be effective method of ascertaining the presence or
otherwise of gold and other related elements in these media.
The result of the geological analysis of rocks and stream

sediment can be interpreted to unravel the presence of these
elements in term of quantity as well as the provenance of the
host rocks and sediments. Rocks and stream sediments
analysis for gold and it associated elements are usually
achieved through multi elemental analysis using specialized
geochemical methods which usually give the relative
quantity and quality of these elements mineralized. The rocks
and stream sediments hosting these gold occurrences are in
association with metamorphosed rock such as schist.

This study is aimed at a critical characterization of the
geochemical features of rocks and stream sediments of the
study area in view to presenting new geochemical data in
relation to gold mineralization on the study area. The
objectives therefore include the geological mapping of the
study area, rocks and stream sediment sampling,
geochemical analysis of the rocks and stream sediments with
the aim to ascertaining the gold potentials of the study area.

2. Location of the study Area
The study area is bounded by Latitude 06°24'30"E to
06726'30"E and Longitude 006°09°28'30"N09°29'45"N. 1t is
situated within the Bida Sheet 184NE
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Figure 2: Topographical map of the study area

The mapped area covers only Garatu in Bosso Local
Government Area of Niger State with no variety of
settlements. The road from the east leads to Minna the state
capital, and the road from the west leads to Sabon Daga.
There is accessibility of footpaths to the area. The study area
falls within Bida Sheet 184NE

2. Materials and Methods

Materials used in this study include rocks and stream
sediments obtained from the study area (fig 3). The stream
sediments were sourced from the river beds and their
tributaries mostly at the meandering points where the flow
velocities of the rivers are considered lowest and hence
maximum depositions of sediments. The stream sediments
were collected randomly along the drainage patterns with in
the study area avoiding the collapsed river bank materials
from the levees. A total number of ten stream sediments and
five rock samples were sampled and analyzed for their gold
and associated elemental contents.

The stream sediment samples were wet washed at the
Geology Departmental Laboratory, Federal University of
Technology Minna. The coarse sediments were separated
from the suitable one and the panning of the samples were
done to which yielded some pan concentrate of gold grains,
the pan was washed thoroughly after each sample
preparation. The homogenized material was carefully poured
on paper and was left for 30-35 minutes for it to dry under the
sun. The rocks and stream sediments samples were poured on
field container for laboratory analysis (plate 1).
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Figure 3 Stream Sediment and rock sampling points
within the study area

Plate 1: (a) collection of sample on the field (b) recording of
field observation (c) panning of stream sediment sample to
separate coarse sediment from the suitable one (d) pan
concentrate of gold grains

The laboratory analysis involved drying and homogenization
of stream sediment samples, digestion and analysis. The
various methods employed in the geochemical analyses of
the stream sediments and rocks have been previously
discussed in detail by several authors e.g. Activation
Laboratory Manual of 2021, Garba, 1987, Haruna et al.,
2008, Kankara and Darma, 2016, Robert er al., 2003,
Adepojuand Adekoya, 2008, Caleb, 2010).

4.0 Results and Discussion
4.1 Geology and field observations

The area of study is underlain by granite and schists with the

schist covering 80% of the study area while the granite covers
the rest 20%.

Lagesd

Fig4: Geological Map of the study Area

The granites range in colour from dark to light grey. The
minerals observed are quartz (25%), feldspar (45%) and
biotite (10%). Other minor minerals observed include
pyroxenes, hornblende and amphiboles. The rocks are mostly
flat lying and ranges in size from few meters square to
hundreds of meters square. The schist outcrops have
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undergone moderate to high grade of weathering and their
textures range from fine to medium grained.

0 = at
“

PLATE 2: Granite outcrop PLATE 3: Schist outcrop at

at the study area the study area
(09°29'02.50"'N 06°25'08E) (09°28'56.20"'N 06°25'02.40E)

The photomicrographs of the rocks that underly the study
area are as shown in plates 4 to 8 while Tables 1a and b show
the descriptive optical characteristics of the rocks in their thin
sections.
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Table 1a: Optical properties of the rocks (Granites)
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Table 1b: Optical properties of the schists
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4.2 Geochemistry
4.2.1 Geochemistry of the analyzed Stream Sediment
concentrates

4.2.1.1 Major Oxides

The result of the mean values of the major oxides shows that
the highest major oxide is A,O,(90.66) follow by SiO, (66.4)
and CaO, (8.089) Fe,0,,(6.163) Na,0,(4.501) MgO, (3.75)
and k,0,(1.273) followed successfully in decreasing order,
while Cr,0,,(0.003) MnO, (0.039) P,0,,(0.033)Ti0,,(0.742)
are below 1 wt %.(Table 2 and Figure 4)
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Table2: Concentration of Major Oxides (%) In Sediment

Samples
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Fig4: Mean concentration of major oxides in Sediments

4.2.1.2 Trace elements

The result of the mean values of trace elements followed
successfully Fin decreasing order Ba,(206.3) V,(5.41)
Zn,(64.8) Sr,(52.8) Ni,(36.6) Rb,(21.88)Co,(16) Ga,(12.98)
Cu,(12) Pb,(9.8) As,(6.61)Th,(5.41) and Au,(0.697) ppm
(Table 3 and figure 5)

Table 3: Concentration of Trace Elements (ppm) In
Sediment Samples
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Fig.5: Mean concentration of Trace Elements in Sediment
4.2.1.3 RareEarth Elements

The result of the analysis shows the mean concentrations of
the REEs in decreasing order as Ce ,(70.8) Nd,(65.2)
Y,(42.1) La,(38.1) Sc,(8.17) Sm,(6.61) Yb,(4.17) Eu,(3.62)
Tb(3.31) and Lu (2.012) ppm. (Table 4 and Figure 6)

Table 4: Concentration of The Rare Earth Elements
(ppm) In Sediment Samples

-
N - I I I RN " I " ) ™ T e
aml L] Bl ia i L] (L} a 14 & as
nE n2 & 3 ] - 1] 11 #* A o
agmy ] ¥ al 421 [ aw (L] i L] L]
% [ 1] 11 ] e ] a3 il il 8 ] e
Bamr B e a2 L] a i a4 [F] C3] £3
IR az 6 - ot 54 11 ] i al LF)
ST w7 BT bl o - [ (1] e o 0N
LT ] T T ] 112 F e 1] 13 14 ot
AENW ] i L] L5 1] ] i3 ® 1 3 11
JANIE AR ¥ ] e L] 1] ] i o ¥
MAX b * L ik L LL] L Ll - T
i L .y s R = £ a = L] Lo

«ETTSELITER

Fig.6: Mean concentration of Rare Earth Elements (REEs) in
Sediments

4.3 Geochemistry of the analyzed Rock samples
4.3.1 Major Oxides

The result of the mean values of the major oxides shows that
the highest value of major oxide is SiO, (80.23) and
Fe,0,,(6.635) ALO,,(3.268) k,0,(2.079) Na,(2.235) and
CaO (1.651) followed successfully in decreasing order,
While MgO, (0.915) TiO, (0.427) MnO, P,0,,(0.076) and
Cr,0,(0)are below 1 wt %. (Table 5 and figure 7)

R MG @0 GO b B0 W0 We0 Wed WO G T

BRI aar 128 S0k A5 BITE 14F 008 0DadF M BRE] 81T
L = 1580 0N ROMS  SEER LAR 0S30. BOS 1308  R1ST  Rlas  gadT
f T} abll AR BT AT 1308 13T D007 Zewd Good TAAD  Gdwd
B LaE LR RO 52 241 09 NS Ieew G0 TAM 033
(-1} a4 o550 ODd1 U008 497 OB D01 4DBE G0l ETE ATH

LIAX  dml AXFT PO BEO] AN LEE D0 ABAI BPM ITIF ATM
nECN AT ASSe B d4dT 7T oAl G81r oads R TIET  &0IT

MEAN jié Lésn @ WENE FOTR ARIS BAM TEM BFTE I} 42T

MENE  Esl CEDE PG WM gD el NaAD SUGR  OE 3D

Fig.7: Mean concentration of major oxides in Rocks
4.3.2 Trace elements

The result of the mean values of trace elements followed
successfully in decreasing order, Ba,(242.4)Sr, V,(35.2)
Co,(26.2)Ga,(24.6) Zn,(22.8) Rb,(21) Ni,(16.4)
Cu,(16)Pb,(11) As,(6.6)Th,(3.22) and Au(0.349) ppm (Table
4.4 and figure 4.5)
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Table 6: Concentration of Trace Elements (ppm) in Rock

Samples
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Fig.8: Mean concentration of Trace Elements in Rock

4.3.3 Rare Earth Elements

The result of the mean values of Rare Earth Elements (REEs)
in (Table 4.6and in Figure 4.7), the result of the analysis
shows the mean concentrations of the REEs in decreasing
order as Ce, (41.4) La, (18.46)Nd,(14.6)
Y,(13.4)Sc,(10.4)Sm,(5.16)Yb,(2.58)Eu  (2.26), Tb,(0.63)
and Lu (0.506) ppm

Table 7: Concentration of The Rare Earth Elements
(Ppm) in Rock Samples
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Fig.9: Mean concentration of Rare Earth Elements (REEs) in
Rock

4.4 Correlation coefficients of Au with other
elements in the stream sediment samples

Pearson correlation analysis of the Au with other elements in
the stream sediment indicated that gold strongly positively
correlates with K, (0.512161) Ga, (0.75645) and Sr,
(0.59681). Moderately positively correlated with Mg,
(0.39478) As, (0.31012) Pb,(0.46554) Zn, (0.20972) Ce,
(0.3823) and La,(0.29131), and weakly positively correlated
with Fe,(0.00602) P, (0.06838) Si (0.04644) Nd, (0.05426)
Sm,(0.16385).

Table 8: Correlation coefficient of Au with other elements
in sediments samples
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4.5 Correlation coefficients of Au with other
elements in the rock

Pearson correlation analysis of the Au with other elements in
the rock samples indicated that gold strongly positively
correlates with Cr, (0.684627) K, (0.925946) Mg, (0.827588)
Mn, (0.600988) Ba, (0.697656) Zn (0.520359) La,
(0.639456) Nd, (0.833705) Sc, (0.716376) Sm (0.600988) Y
(0.925046) and Yb (0.673674). Moderately positively
correlated with Fe, (0.427385) Si, (0.458038) Ga, (0.449669)
Th, (0.319759) Ce, (0.449954) and Lu, (0.140367), and
weakly positively correlated with Na, (0.140367) As,
(0.1913172) and Eu, (0.140367).

Table 9: Correlation coefficient of Au with other elements
in rocks.
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4.5 Gold and other elements mineralization
potentials in the study area

The gold comparatively is more enriched and consequently
more mineralized in sediment (Table 10) than the rock (Table
11). This is because the mineralized gold in the rock are in
primary form while those in stream sediment are in
secondary form, meaning that the rock has been weathered,
releasing the primary gold which were now moved by water
and concentrated in an area within the stream sediment,
hence given rise to higher concentration in the stream
sediment.

Table 10: Gold and other Mineralization Potentials of
Sediments in the Study Area
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Table 11: Gold and other Mineralization Potentials of
Rocks in the Study Area
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4.6 Gold assessment in the study area

Tables 12 and 13 show the gold mineralization assessments.
From the above gold assessment, gold is highest in stream
sediment sample location 7 (06°25' 01.20" E 09° 29'06.60" N)
and lowest at location 2 (06°24'53.80" E 09° 29'09.09"N).
Similarly, gold is highest for rock in location 1(06°
25'08.00"E 09° 29'02.50" N) and least in location 4 (06°
25'02.40"E 09°28'17.70"N).

Table 12: Gold Assessment from the analyzed Sediment
Samples
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Table 13: Gold assessment from the analyzed Rock
Samples

SAMPLE EASTING NORTHING  GOLD

LOCATION ASSESSMENT
(PPM)

MS 1 06°25'08.00" 09°29'02.50" 0.7

MS 2 06°25'09.20" 09°29'01.10"  0.345

MS 3 06°25'10.40" 09°29'00.00"  0.246

MS 4 06°25'02.40" 09°28'56.20"  0.055

MS 5 06°25'53.20" 09°28'17.70"  0.401

5.0 CONCLUSIONS

The aim of the study is to evaluate the gold and other
mineralization potentials of the stream sediments and rocks.
The Geological mapping and thin section the geological
mapping and thin section petrography of the rock samples of
the study area has revealed that the area is underlain by
granite and schist.

The result of the analysis of stream sediment shows gold
enrichment of 140%, and other elements with enrichment of
Al112.36%, Fe 1.509%, Mg 1.666%, Na 1.931% Ba 0.516%,
Co 0.696% Ni 0.458%, Sr 0.117%, V 0.648% Zn 0.997%
from these results only Gold and Aluminum have shown the
potential enrichment within the study area.

The result of the analysis of rock samples shows gold
enrichment of 69.8%, and other elements with enrichment of
Fe 1.614%, Ce 0.9%, La 1.026%, Nd 0.608%, Sc 2.08%, Sm
0,737%, Y 0.335%, Ba 0.606%, Co 1.139%, Sr 0.101%, V
0.261%, Zn 0.351% from these results only gold have shown
the potential enrichment within the study area.

Pearson correlation analysis of the Major, Trace and Rare
Earth elements in sediment indicated that gold strongly
positively correlates with K, (0.512161) Ga, (0.75645) and
Sr, (0.59681). Moderately positively correlated with Mg,
(0.39478) As, (0.31012) Pb,(0.46554) Zn, (0.20972) Ce,
(0.3823) and La,(0.29131), and weakly positively correlated
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with Fe,(0.00602) P, (0.06838) Si (0.04644) Nd, (0.05426)
Sm,(0.16385).

Pearson correlation analysis of the Major, Trace and Rare
Earth elements in rocks indicated that gold strongly
positively correlates with Cr, (0.684627) K, (0.925946) Mg,
(0.827588) Mn, (0.600988) Ba, (0.697656) Zn (0.520359)
La, (0.639456) Nd, (0.833705) Sc, (0.716376) Sm
(0.600988) Y (0.925046) and Yb (0.673674). Moderately
positively correlated with Fe, (0.427385) Si, (0.458038) Ga,
(0.449669) Th, (0.319759) Ce, (0.449954) and Lu,
(0.140367), and weakly positively correlated with Na,
(0.140367) As, (0.1913172) and Eu, (0.140367).
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