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Abstract
Stream sediment geochemical survey was carried out in Boyo area, samples collected and analyzed for major,
trace and rare earth elements using ICP-MS method. Minerals present in concentrates include gold, zircon,
muscovite. The grain size of gold varies from 0.125 to 1 mm, their shape ranges from sub-angular to angular.
Gold grains are of two categories: the �rst category includes those that are distal to the source, the second
category comprises those that are proximal to the source. Fe2O3, Al2O3 and SO3 are dominant major elements in
stream sediment, sediments are depleted in Nb and Mo. Gold (8440 to > 10000 ppb) has the highest
concentration, the Au/Ag (av.: 14.16) ratio exhibits unusual value greater than the value of the upper lithosphere.
Sediments ranged into low Ag (0.062 to 8.47 ppm) and high Ag (20 to 51.3 ppm) content, and all of this suggests
that the Boyo gold grains result from two sources or derived by two geological processes; the sulphidation was
the dominant mechanism of gold ore deposition. Ag-Au-Bi-Cu constitutes the mineralization factor and the
chalcophile elements Ag, Bi and Cu serve as potential path�nders for Au in the Boyo area. The presence of these
elements in the same factor suggests that gold is associated with sulphide minerals. Ag-Hg-W association is
related to the hydrothermal alteration of wall rock. The association Ag-Au-Bi-Cu indicates a typical primary
mesothermal sulphide ± gold mineralization paragenesis. The Boyo mature sediments derived from intermediate
igneous sources that were deposited in a passive margin environment.

1 Introduction
Gold with the symbol Au is an element of group IB which has an atomic number of 79 and atomic mass of
196.966655 making it one of the higher atomic number elements occurring naturally. The crustal abundance of
gold is 0.004 and the metal is positioned between Ag and Rg. The terrestrial abundance of gold (0.005 ppm) is
similar to that of platinum (Pt: 0.005 ppm) but, low compared with Cu (50 ppm), Ag (0.07 ppm), and the Au/Ag
ratio is equal to 0.07. Gold is a siderophile group elements which displays some characteristics that relate it to
chalcophile group elements.

Gold is a precious metal which is mined from Archean to Recent in age deposit types. The large variability in the
geological setting of gold deposits suggests its transport and concentration by magmatic, hydrothermal and
sedimentary possesses. It occurs alongside with platinum-group elements (PGE) and some heavy minerals like
magnetite, ilmenite, garnet zircon, rutile, monazite and cassiterite (Frimmel, 2007). Gold combines only with
tellurides, selenides and bismuthides (Boyle, 1987; Macdonald, 2007) and alloyed with Ag, Cu, Bi, Hg and PGE.
Two types of auriferous deposits that include lode (or vein) deposits and placers are recognized (Boyle, 1987).
The enigmatic quartz-pebble conglomerate deposits and the largest auriferous concentrations on earth are
classi�ed as modi�ed paleo-placers closely related to lode deposits. Gold is widespread in low concentration in
igneous rocks, it also occurs in primary hydrothermal in ore veins, in contact metamorphic deposits, in
pegmatites, pyrite, arsenopyrite, quartz and other minerals (Korbel and Novak, 2001). Hydrothermal deposits
(veins) associated with quartz and pyrite and placers deposits (Boyle, 1987) that derived from the weathering of
gold-bearing rocks contain signi�cant amounts of gold.

In its native state, gold occurs in tellurides and selenides (Boyle, 1987; Macdonald, 2007), and as inclusion in
pyrite; it alloyed with Ag, Cu, Bi, Hg, and PGE. 197Au is only the one naturally occurring isotope of gold and the
principal oxidation states of Au are + 1 (aurous) and + 3 (auric). Au is mainly present in the following complexes:
[Au(CN)2]−, [AuCl2]−, [Au(OH)4]−, [AuCI4]−, [AuS]. The most common compounds include AuCl3 and HAuCl4;
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aurostibite and tellurides being the principal ore minerals of Au. Numerous Au and Au-Ag tellurides exist in which
sylvanite, calaverite, petzite, krennerite and nagyagite are the most common occurring. Other auriferous
compounds include antimonide (AuSb2), argentiferous gold selenide (Ag3AuSe2), uytenbogaardtite (Ag3AuS2)
and bismuthide (Au2Bi).

Morphological changes in gold particles are attributed to hammering and abrasion (Youngson and Craw, 1999).
Little shape modi�cation is attributed to the mass transport of colluvial gold while signi�cant changes are
attributed to distance of travel, or time spent in �uvial systems and nature of bedrocks (Youngson and Craw,
1999). The general characteristics of gold grain morphology is indicative of transport distance (Townley et al.,
2003).

The gold metal is among the most valued and sought-after commodity, which can be attributed to its
malleability, resistance to corrosion and tarnishing and the glitter, makes it ideal for many jewelry purposes. Now,
gold is �nding industrial uses dues to its high resistance to chemical reaction, high conductivity, ductility and its
rareness. The radioactive 198Au is used for medical diagnosis and radiation therapy for the treatment of cancer
and rheumatoid arthritis (Armendariz et al., 2004; Macdonald, 2007), and as a tracer in industrial applications.
Others use of gold include electronics, coins and decorative. Gold alloys are used in industrial applications such
as electroplating, granulation, pressing and lamination.

The aim of this study is to investigate the geochemical distribution of gold, to determine the gold grains
morphology and to examine the frequency distribution of elements associated with gold in stream sediment
from Boyo area, situated within the Pan-African basement in Cameroon where important small-scale alluvial gold
mining sites are found.

2 Geologic Setting
The Boyo area lies between longitudes 13° 57’ − 13° 59’ East and between latitude 5° 27’ − 5° 30’ North. It is
situated in the Pan-African fold belt (Nzenti et al. 1998; Toteu et al., 2001; 2004) in Cameroon (Fig. 1). The Pan-
African fold belt or Central African Orogen is a major Neoproterozoic Orogen linked to the Trans-Saharan Belt of
western Africa and to the Brasiliano Orogen of NE Brazil (Castaing et al., 1994, Neves et al., 2006; Fig. 1a). The
Pan-African fold belt in Cameroon also called Neoproterozoic fold belt or North-Equatorial fold belt (Poidevin,
1983; Nzenti et al., 1988) is made up of three structural domains (Toteu et al., 2004):

(1) The Yaoundé domain (YD) which corresponds to the northern edge of the Congo Craton is formed by a large
Neoproterozoic nappe unit thrusted onto the Congo craton towards the south (Fig. 1b). The Oubanguides Nappe
in the Republic of Central Africa represents the eastern prolongation or extension of this thrust. The Yaoundé
Group comprises Neoproterozoic metasedimentary units including Ntui-Betamba, Mbalmayo-Bengbis-Ayos and
Yaoundé Series. This domain includes low- to high-grade metasediments dated at 616 Ma (Ngnotué et al. 2000,
Nzenti et al. 1988, Penaye et al. 1993) associated with an alkaline magmatism (Nzenti, 1998) metamorphosed
under a medium- to high pressure metamorphism and granulite facies (750–800°C and 10–12 kb). The
metasediments consist of epicontinental deposits and were deposited to a passive margin (Nzenti et al. 1988) or
to an intracontinental distensive environment.

(2) The Adamawa–Yade domain (AYD), which contains the present study area (Fig. 1b) extends east of the
Tchollire–Banyo shear zone represents a Paleoproterozoic basement that was dismembered during the Pan-
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African. It includes (i) remnants of Paleoproterozoic materials and 2.1 Ga granulitic relict metamorphism that
was reworked during Pan-African event, (ii) Neoproterozoic formations from the Lom Serie dated at 700 Ma
composed of low- to medium- grade metasediments and volcanoclastic rocks metamorphosed under
amphibolite metamorphic facies, and (iii) syn- to late-tectonic granitoids of crustal origin or transitional
composition (Toteu et al., 2001). The AYD is also characterized by major NE-striking transcurrent shear zones,
regarded as prolongations of the major shear zones of northeast Brazil in a pre-drift Gondwana reconstruction
(Castaing et al. 1994). The study area is situated in the Betare-Oya Gold District which lies within the Lom Basin
(Soba, 1989; Kankeu et al., 2012). The Lom Basin is a syn-depositional Neoproterozoic pull-apart basin (Ngako et
al., 2003) bordered by the Sanaga Fault. The Lom series is well-known for its lode gold mineralization (Ngatcha
et al. 2019; Takodjou Wambo et al. 2020).

(3) The Western Cameroon domain (WCD) is located west of the Tcholliré–Banyo shear zone and extends along
the western border of Cameroon (Fig. 1b). The WCD consists of (i) Neoproterozoic medium- to high- grade
metasediments and metavolcanic rocks of tholeiitic and alkaline a�nities dated at about 800 Ma (Toteu et al.,
1990); (ii) Pan-African pre, syn-, to late-tectonic granitoids emplaced between 660 and 580 Ma (Toteu et al.,
2001); (iii) post-tectonic granitoids; (iv) unmetamorphosed sedimentary and volcanic rocks.

3 Methods Of Investigation
Sampling sites in the study area were located using the Global Positioning System (GPS) and coordinates
introduced into a geographic information system (GIS) platform (ArcGIS v. 10.1) to generate a map showing the
spatial distribution of the sampling points in the study area. The main river call River Boyo and its tributaries
were sampled and panned for gold grain recovery, a total of 15 samples were collected upstream along active
stream beds. The sediments were sampled at water depths that vary between 40 and 50 cm.

At each sampling site a pit was dug using a digger down to the gravel layer and 10 kg of active stream sediment
was collected into a measuring bucket using a spade and then weighed. The sample was then poured into an
aluminum basin and panned to obtain the heavy mineral concentrate. In circular and pendulum motion under
water, the panning dish was repeatedly shake and moved in cycles in order to wash-off the light particles and
minerals while the heavier minerals were obtained. These concentrates were put in sample bags, coded and
taken to the base. They were further spread out on sheets as they were sun dried for four to �ve days.

In the laboratory, the heavy mineral concentrates collected were subjected to a series of investigations:

i. Magnetic separation was done to separate magnetic fraction from the non-magnetic fraction.

ii. The magnetic fraction of the concentrates was examined in order to carry out mineral identi�cation. This was
done using the Euromex Eco Blue Polarisation microscope at the Geological Laboratory of the University of Buea.

iii. Sieve analysis was carried out at the Geological Laboratory of the University of Buea. The concentrate was
panned to separate the heavy minerals from the gold grains and the initial weight of the grains taken and
recorded. The gold grains were then sieved using the standard granulometry stacked sieve. The various fractions
retained on the sieve weighed and recorded with the use of an electronic balance.
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iv. Geochemical analysis was done at the Activation Laboratories (ACTLABS), in Canada, for the determination of
major, trace and rare earth elements concentration by using Aqua Regia (Total digestion)-Inductively Coupled
Plasma-Mass Spectrometry (AR-ICP-MS) method, the procedure as follow:

Argon plasma with working temperature of 6000–8000°C was generated by radio frequency excitation. 10g of
prepared solution was fuse with lithium-borate, methaborate and then leached with 30% dilute nitric acid (HNO3)
were injected into the plasma. The solution was excited and produced analyte ions which were separated and
measured by mass spectrometry. To test for analytical precision, replicate samples chosen from the batch were
randomly in each analysis, the results of replicate analyses and typical detection limits were reported by
ACTLABS.

4 Results

4.1 Mineralogy, grain size distribution and morphology of gold
grains
A total of 15 samples were collected and the sample location map was produced in which the collected samples
are displayed on the drainage map (Fig. 2), all the samples show a lot quantity of gold grains (Fig. 3a). The
magnetic fraction of the heavy mineral concentrate has been submitted for petrographic investigation (Fig. 3b)
and the minerals present in the concentrate include euhedral, elongated and subrounded to rounded gold grains
(40–50%), euhedral and elongated zoning (showing a dark rim and a light core) and unzoned zircon crystals
(20–30%) and sheet-like shaped muscovite (5–10%; Fig. 3b).

Results of the grain size analyses show that the gold grains range in size from 0.125 to 1 mm (Table 1; Fig. 4).
The grains are predominantly concentrated in the 0.25 mm size grade with a weight of 0.4g followed by 0.5 mm,
1 mm and 0.125 mm size grade with 0.3g wt%, 0.2g wt% and 0.1g wt% respectively. Gold grains recovered from
stream sediment in the study area display various shapes and size. They are generally irregular, sub-angular to
angular and sub-surrounded to rounded in shape (Fig. 4). The bar chart representation resulting from the grain
size distribution of gold grains recovered from the stream sediments of Boyo shows a bell-shaped curve (Fig. 5a)
indicating that the gold population exhibits a normal distribution. Their median value (0.3875 mm) is obtained
both from the calculation (Table 1) and from the cumulative curves (Fig. 5b).

Table 1
Grain size distribution of gold grains

Grain size (mm) Weight (g) Median F1 (%) ICP2 (%) DCP3 (%)

0.125 0.1 0.3 10 10 100

0.25 0.4 0.35 40 50 90

0.5 0.3 0.3 30 80 50

1 0.2 0.6 20 100 20

N 1 0.3875 100    

1) Frequency; 2) Increase cumulative percentage; 3) Decrease cumulative percentage
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4.2 Geochemistry
The geochemical data of stream sediment samples is given in Table 2 in term of major elements, trace elements
and rare earth elements (REEs).
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Table 2
Chemical composition of stream sediment samples from Boyo

Samples P2 P3 P4 P5 P8 P9 P11 P12 P14 P15

TiO2 (%) 0.10 0,09 0.09 0.11 0.09 0.09 0.08 0.11 0.08 0.08

SO3 < 2.50 < 2.50 < 2.50 < 2.50 < 2.50 < 
2.50

< 2.50 < 2.50 < 2.50 < 2.50

P2O5 0.10 0.11 0.08 0.12 0.06 0.09 0.10 0.12 0.06 0.08

Na2O 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02

MgO 0.09 0.10 0.07 0.07 0.08 0.07 0.16 0.07 0.04 0.07

Al2O3 0.41 0.42 0.29 0.36 0.38 0.28 0.36 0.73 0.21 0.30

K2O 0.05 0.05 0.07 0.03 0.07 0.05 0.07 0.07 0.03 0.05

CaO 0.12 0.11 0.11 0.09 0.13 0.10 0.11 0.17 0.05 0.09

Fe2O3 1.69 1.83 1.26 1.52 1.64 1.22 1.30 1.08 2.25 1.19

Fe2O3* +
MgO

1.78 1.93 1.33 1.60 1.72 1.28 1.46 1.14 2.29 1.26

K2O/Na2O 2.40 2.58 4.07 1.72 3.440 3.05 3.44 3.73 1.12 3.05

Al2O3/(CaO 
+ Na2O)

2.90 3.35 2.31 3.43 2.58 2.37 2.85 3.86 2.66 2.71

Ag (ppm) 32.7 40.8 8.47 46.1 4.13 0.062 48.2 51.3 20 47.7

As < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Au (ppb) > 
10000

> 
10000

> 
10000

> 
10000

> 
10000

8440 > 
10000

> 
10000

> 
10000

> 
10000

Au (ppm) > 10 > 10 > 10 > 10 > 10 8.44 > 10 > 10 > 10 > 10

B 1 1 2 2 2 2 2 2 1 1

Ba 50.8 45.5 42.4 41.6 43.4 37.4 40.6 56.5 36.2 38.1

Be 0.5 0.5 0.6 0.7 0.5 0.6 0.4 0.5 0.8 0.9

Bi 0.44 0.38 0.32 0.45 0.35 0.3 0.38 0.32 0.41 0.36

Co 5.1 5.4 3.2 4.2 4,1 3,3 3.4 7.3 2.6 3.4

Cr 25 25 20 23 23 18 18 34 17 20

Cs 0.22 0.19 0.2 0.16 0.24 0.18 0.21 0.25 0.12 0.14

Cu 8.9 9 9.1 10.1 11.3 0.4 6.4 9 3.1 5.7

Ga 0.1 0.43 < 0.02 0.73 < 0.02 < 
0.02

< 0.02 1.4 < 0.02 < 0.02
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Samples P2 P3 P4 P5 P8 P9 P11 P12 P14 P15

Ge < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Hf 0.4 0.3 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.4
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Table 2
Continued 1

Samples P2 P3 P4 P5 P8 P9 P11 P12 P14 P15

Hg (ppb) 80 140 40 230 180 60 480 370 300 560

In 0.03 0.03 0.03 0.04 0.03 0.03 < 0.02 < 0.02 0.04 0.03

Li 1.4 1.3 1.3 1.1 1.5 1.2 1.4 1.9 0.8 1

Mn 322 302 295 311 331 293 288 350 250 263

Mo 0.16 0.14 0.09 0.06 0.17 0.09 0.09 0.21 0.03 0.09

Nb 1.1 0.9 1 0.6 1 1 1.1 1.6 0.4 0.7

Ni 39.4 27.7 26.1 12.6 19.2 12.9 11.8 21.5 9.8 8.1

Pb 25.3 21.3 21.8 23.1 22.4 23.9 21.9 20.5 21.7 19.6

Rb 2 1.8 2.2 1.5 2.3 2.1 2.3 2.6 1.1 1.4

Re 0.002 0.002 0.002 0,001 0.002 0.001 0.001 0.002 0.001 0.001

Sb 0.43 0.28 0.11 0.16 0.14 0.11 0.13 0.11 0.13 0.11

Sc 3.1 5.5 4.5 6.8 3.1 5.3 2.6 3.3 9.7 10.4

Se < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Sn 1.12 0.9 0.97 0.91 1.01 0.88 0.96 0.88 0.92 0.81

Sr 10.9 10.5 10.1 9.3 11.4 9.5 10.7 15.9 6.5 9.7

Ta < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Te 0.04 0.05 < 0.02 < 0.02 0.04 < 0.02 0.02 0.04 0.04 0.05

Th > 200 > 200 > 200 186 > 200 > 200 > 200 > 200 > 200 > 200

Tl 0.03 0.05 0.03 0.03 0.06 0.04 0.04 0.04 0.04 0.03

U 35.7 27.8 37.2 20.8 37.7 30.4 30.7 27.4 24.1 28.8

V 37 38 31 31 35 32 29 48 29 34

W 0.2 0.1 < 0.1 < 0.1 0.1 < 0.1 0.2 0.2 < 0.1 0,4

Y 80 80.7 93.4 76.9 86.1 85.8 69.8 67.5 96.5 117

Zn 29,9 26.2 21.6 31.6 25.1 22.2 21.7 31.3 22.4 23.2

Zr 4.2 3.5 4.1 3.5 4.5 3.6 4.5 5.6 2.3 3.3

As x 100 10 10 10 10 10 10 10 10 10 10

Cu x 100 890 900 910 1010 1130 40 640 900 310 570
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Table 2
Continued 1

Samples P2 P3 P4 P5 P8 P9 P11 P12 P14 P15
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Zn 29,9 26.2 21.6 31.6 25.1 22.2 21.7 31.3 22.4 23.2

Zr 4.2 3.5 4.1 3.5 4.5 3.6 4.5 5.6 2.3 3.3
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4.2.1 Major elements
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The major element composition of stream sediments presented in Table 2 shows that Fe2O3 (1,08–2.25%) has
the highest concentration with the mean value of 1.49% followed by Al2O3 (0.21–0.73%; Fig. 5a). Na2O (0.02–
0.03%) and SO3 (< 2.5%) display constant values (Table 3.2). The rest of the major oxides (CaO: 0.05–0.17%,
P2O5: 0.06–0.12%, TiO2: 0.08–0.11%, MgO: 0.04–0.16% and K2O: 0.03–0.07%) exhibit low to very low content
(Table 2; Fig. 6a). The enrichment-depletion diagram is presented in Fig. 6b in which the stream sediment
samples show depletion in all the major elements, except in SO3 and Fe2O3.

4.2.2 Trace elements
According to Table 2, the concentration of gold varies from 8440 to > 10000 ppb, that is 8.44 to > 10 ppm
according to the relation 1 ppm = 103 ppb. The average content of gold (9844 ppb or 9.84 ppm) in the studied
samples is widely greater than the one of the recommended value of the upper continental crust (Au: 1.5 ppm)
after Rudnick and Gao (2003) and also greater to the abundance of gold estimated in the continental crust (Au:
0.004 ppm) according to William (2016). Other trace elements with high concentrations include transition metals
such as Mn (250–350 ppm; av. = 300.5 ppm), Hg (40–560 ppb, av.: 244 ppb), Ag (0.062–51,3 ppm; av.: 29.94
ppm), Ni (8. – 39,4 ppm; av. :18.91 ppm), Y (67.5–117 ppm), and Th (186 - > 200 ppm). The studied samples are
depleted in high �eld strength elements (HFSE) such as Zr (2.3–5.6 ppm), Hf (0.3–0.4 ppm), Nb (0.4–1.6 ppm),
Ta < 0.05 ppm) and enriched in large ion lithophile elements (LILE) like Sr (6.5–15.9 ppm), Rb (1.1–2.6 ppm), Ba
(36.2–56.5 ppm), Pb (19.6–25.3 ppm), Ce (794–1300 ppm), Eu (2.7–4.2 ppm). In the enrichment-depletion plot
(Fig. 6b), stream sediments show depletion in Nb and Mo, and enrichment for the rest of trace elements. The
composition of stream sediment samples from Boyo were plotted in Au-Ag–As x 100 and Au–Ag–Hg x 25
ternary plots (Fig. 7a, 7b). The plots show very low contents of As (< 1 ppm) and moderate to high concentration
of Hg (40 to 560 ppb). Also, As contents are below the detection limit for all the samples (Table 2).

The Table 3 presents the descriptive statistics of elements in stream sediments; skewness and kurtosis
coe�cients of data for Ag, Hg, U show negative values. Kurtosis coe�cients of data for Au (10), Cr (2.58), Ga
(3.62), Sb (4.27), Sr (3.85), V (3.19) and W (4.19) are considerably higher when compared to those of other
elements. Ni (2.14) and Sc (3.16) show slightly high skewness coe�cients (Table 3). The skewness values and
the average geometric mean (GM) of elements indicate a symmetric data distribution pattern (Table 3). This is in
accordance with the frequency distribution diagrams in which the selected trace elements (Ag, Au, Ba, Cr, Mn, Sr)
show a normal and symmetric distribution (Fig. 8). The standard deviation values were high for Ag (20.03), Au
(493.32), Hg (108.14), Mn (30.10) and Y (14.43; Table 3). The coe�cient of variation (CV) values are greater to
50% for Ag, Cd, Ga, Hg, Ni, Sb, Sc W and smaller than 50% for the rest of the other elements.
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Table 3
Basic statistical parameters for stream sediment geochemical data obtained from Boyo

Elements Min Mean Max Median GM1 CV2 (%) Std Dev3 S4 K5

Ag 0.06 29.95 51.3 36.75 14.12 66.88 20.03 -0.48 -1.67

Au 8440 9844 10000 10000 9831.83 5.01 493.32 1.14 10

B 1 1.6 2 2 1.52 32.27 0.52 0.87 -2.28

Ba 36.2 43.25 56.5 42 42.86 14.59 6.31 0.26 0.95

Be 0.4 0.6 0.9 0.55 0.58 26.06 0.16 0.77 -0.03

Bi 0.3 0.371 0.45 0.37 0.37 13.77 0.05 1.3 -1.04

Cd 0.01 0.05 0.11 0.05 0.04 56.57 0.03 1.43 1.35

Co 2.6 4.2 7.3 3.75 4.02 33.22 1.40 -0.31 1.66

Cr 17 22.3 34 21.5 21.85 22.58 5.03 -1.07 2.58

Cs 0.12 0.19 0.25 0.195 0.19 22 0.04 1.98 -0.71

Cu 0.4 7.3 11.3 8,95 5.66 46.58 3.4 0.48 0.46

Ga 0.02 0.28 1.4 0.02 0.07 166.03 0.46 0.63 3.62

Hf 0.3 0.34 0.4 0.3 0.34 15.19 0.05 0.46 -2.28

Hg 40 244 560 205 178.70 73.83 180.14 -0.12 -0.80

In 0.02 0.03 0.04 0,03 0.03 22.22 0.01 0.37 0.08

Li 0.8 1.29 1.9 1.3 1.26 23.24 0.30 0.34 1.25

Mn 250 300.5 350 298.5 299.12 10.02 30.10 0.98 -0.19

Mo 0.03 0.11 0.21 0.09 0.10 48.84 0.06 0.49 -0.55

Nb 0.4 0.94 1.6 1 0.88 34.82 0.33 -0.5 1.23

Ni 8.1 18.91 39.4 16.05 16.80 52.35 9.90 2.14 0.46

Pb 19.6 22.15 25.3 21.85 22.10 7.42 1.64 0.95 0.42

Rb 1.1 1.93 2.6 2.05 1.87 24.43 0.47 0.96 -0.66

Re 0.001 0.002 0.002 0.0015 0.001 35.14 0.00 1.06 -2.57

Sb 0.11 0.17 0.43 0.13 0.15 61.11 0.10 -0.13 4.27

Sc 2.6 5.43 10,4 4.9 4.86 51.03 2.77 -3.16 -0.30

Sn 0.81 0.94 1.12 0.915 0.93 9.11 0.09 -0.04 1.65

Sr 6.5 10.45 15.9 10.3 10.22 22.42 2.34 1.63 3.85

1) Geometric mean; 2) Coe�cient of variation; 3) Standard deviation; 4) Skweness; 5) kurtosis
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Elements Min Mean Max Median GM1 CV2 (%) Std Dev3 S4 K5

Te 0.02 0.03 0.05 0.04 0.03 37.2 0.01 1.07 -1.87

Th 186 198.6 200 200 198.55 2.23 4.43 0.65 10

Tl 0.03 0.04 0.06 0.04 0.04 25.5 0.01 0.14 0.91

U 20.8 30.06 37.7 29.6 29.59 18.45 5.55 -0.04 -0.71

V 29 34.4 48 33 34.02 16.57 5. 70 1.63 3.19

W 0.1 0.16 0.4 0.1 0.14 60.38 0.10 1.96 4.19

Y 67.5 85.37 117 83.25 84.35 16.9 14.43 1.07 1.64

Zn 21.6 25.52 31.6 24.15 25.25 15.8 4.03 0.65 -1.41

Zr 2.3 3.91 5.6 3.85 3.82 22.67 0.89 0.14 1.08

1) Geometric mean; 2) Coe�cient of variation; 3) Standard deviation; 4) Skweness; 5) kurtosis

4.2.3 Rare earth elements
The total REE values range from 1684.9 to 2382.8 ppm. The average concentration of REE in this study is higher
(2270.17 ppm) compared with the values from the upper continental crust (REE: 10.45 ppm after Taylor and
Mclennan, 1985; 1995), (REE: 10.77 ppm; according to Wedespohl, 1995) and (REE: 10.58 ppm after Rudnick and
Gao, 2003). Therefore, the REE contents in this study are about 214 times the values of the upper continental
crust (UCC). Upper continental crust normalized REE patterns (Fig. 9) are strongly fractionated (LaN/YbN = 2,96–
12.31) with light rare earth elements (LREE) enrichment (LaN/SmN = 1.06–1.24) compared to the heavy rare
earth elements (HREE): GdN/YbN = 2.20–9.29), and a negative Eu anomaly (Eu/Eu*= 0.24–0.31).

4.3 Multivariate statistical analysis (MSA)

4.3.1 Pearson’s correlation coe�cient factor
The correlation coe�cient values of the elements, using Pearson’correlation method for the studied stream
sediment samples is given in Fig. 10. In this �gure, the strong correlation coe�cient values (r = 0.70–0.99) are
represented with the yellow colour, moderate correlation coe�cient values (r = 0.50–0.69) show red colour and
very strong correlation coe�cient values (r = 0.80–0.99) are in green. Au exhibits a strong positive correlation
with Cu (r = 0.71) and a moderate correlation with Ag (r = 0.52). The values of Ag increase with the values of
Al2O3 (r = 0.59), P2O5 (r = 0.67), W (r = 0.55), while the concentration of Bi decreases with the values of Nb (r =
-0.50), Rb (r = -0.56) and Th (r = -0.54; Fig. 10).

4.3.2 Factor analysis
The eigenvalues, the percentage of the variance and the cumulative percentage have been determined in
accordance with the factors. The scree plot (Fig. 11) shows the calculated eigenvalues arranged from the largest
values to the smallest values. The plot shows a steep slope toward the seventh factor and displays a constant
gentle slope. The highest eigenvalue which is 15.002 is related to the �rst component with variability percentage
of 24.907% (Table 4). The varimax rotation method is applied to the coe�cient factors; seven element
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associations represented by factors 1 to factor 7 accounting for 34.511% of the variance (eigenvalue) and
cumulatively accounting for 95.804% of the total data variance were identi�ed according to Table 4. Factor 1
(F1) contains the transitional metals and lithophile elements: Ba, Co, Cr, Ga, Mn, Li, Mo, Re, Sr, V, Zn, Zr and
accounts for 24.907% (Table 4). The trace element content of this factor points to the presence of granitic rocks
and thus constitutes a lithologic control. These elements are probably produced by the weathering of the
basement rock in the study area. The variability of the elements in factor 1 indicates these elements have been
controlled by the mixed rock types occurring in the area. The Zr present in this factor is explained by the presence
of zircon and con�rm the afore mentioned result. Factor 2 (F2) unites three lithophile elements Hf, U and Y that
represents 18.421%. Facto r 3 (F3) includes Bi, Ni, Pb, Sb and Sn; it accounts for 12.074%. Factor 4 (F4) accounts
for 8.093% and it loaded by Te and Th. Factor 5 (F5) displays an association between chalchophile elements
such as Ag, Au, Bi, Cu and accounts for 7.112%. Factor 6 (F6) is strongly loaded by transitional metals and
lithophile elements: B, Cs, Li, Mn, Mo, Nb, Rb, Sr, U, Zr; it accounts for 27,007%. The trace element content of this
factor also points to the presence of granitic rocks. Factor 7 (F7) consists of Ag, Hg, W that contribute for 8,191%
of total variance.
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Table 4
Eigenvalues, percentage of the variance, and cumulative percentage of variance in

accordance with the calculated factors for stream sediments from Boyo.
Variable F1 F2 F3 F4 F5 F6 F7

Ag 0.368 -0.420 -0.065 -0.024 0.414 -0.052 0.680

Au 0.172 0.080 0.040 0.106 0.861 -0.063 0.195

B -0.005 -0.027 -0.350 -0.606 -0.117 0.653 -0.264

Ba 0.841 0.008 0.271 0.077 0.145 0.399 0.081

Be -0.154 0.243 -0.352 -0.111 -0.092 -0.839 0.249

Bi -0.073 -0.289 0.572 -0.222 0.538 -0.439 0.185

Cd 0.025 -0.388 -0.013 0.189 -0.024 -0.815 0.222

Co 0.928 -0.167 0.103 0.113 0.098 0.272 0.051

Cr 0.959 -0.041 0.025 0.034 0.156 0.228 0.024

Cs 0.453 0.134 0.166 0.063 0.100 0.840 -0.155

Cu 0.439 0.263 0.139 -0.178 0.773 0.255 -0.157

Ga 0.856 -0.360 -0.216 -0.233 0.082 0.081 0.050

Hf -0.070 0.944 0.188 0.091 0.203 0.051 0.130

Hg -0.074 -0.240 -0.533 0.157 0.305 -0.031 0.680

In -0.214 0.047 0.155 -0.312 0.088 -0.833 -0.348

Li 0.621 0.018 0.005 0.059 0.049 0.778 -0.032

Mn 0.719 0.062 0.184 -0.199 0.109 0.555 -0.219

Mo 0.724 0.181 0.117 0.305 0.076 0.534 -0.052

Nb 0.549 0.043 0.021 0.111 -0.188 0.795 0.112

Ni 0.427 0.283 0.725 0.177 0.080 0.239 -0.149

Pb -0.119 -0.004 0.812 -0.335 -0.273 0.107 -0.231

Rb 0.309 0.108 -0.010 0.000 -0.129 0.930 -0.108

Re 0.558 0.386 0.288 0.294 0.229 0.356 -0.355

Sb 0.234 0.017 0.909 0.206 0.147 -0.087 0.066

Sc -0.199 0.029 -0.350 0.058 -0.048 -0.888 0.205

Sn -0.075 0.219 0.800 -0.019 0.237 0.338 -0.183

Sr 0.741 0.043 -0.134 0.055 0.036 0.638 0.139

Te 0.403 0.136 -0.022 0.734 0.272 -0.376 0.106
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Variable F1 F2 F3 F4 F5 F6 F7

Th -0.109 0.241 -0.022 0.833 -0.265 0.314 0.033

Tl 0.039 -0.117 -0.168 0.411 0.148 0.278 -0.559

U -0.154 0.695 0.271 0.263 -0.031 0.571 -0.155

V 0.933 0.011 -0.055 0.270 -0.036 0.219 0.068

W 0.077 0.264 -0.206 0.221 0.045 -0.070 0.889

Y -0.341 0.590 -0.284 0.228 -0.084 -0.602 0.184

Zn 0.810 -0.167 0.303 -0.347 0.236 -0.068 0.072

Zr 0.516 0.095 -0.044 -0.075 0.070 0.835 0.108

Eigenvalue 15.002 5.859 4.620 3.871 2.072 1.706 1.380

Variability (%) 24.907 8.421 12.074 8.093 7.112 27.007 8.191

Cumulative % 24.907 33.328 45.402 53.494 60.607 87.613 95.804

4.3.3 Cluster analysis
The result of cluster analysis is shown in the hierarchical clustering diagram or dendrogram (Fig. 12). The
Dendrogram (Fig. 12) shows two main clusters with three sub-clusters: cluster I is made up of 4 parageneses that
include: (i) Ag-Hg-W-Te, (ii) Be-Sc-Y, Be, (iii) Bi-In and (iv) Cd-Na2O-Fe2O3. Cluster II is composed of (v) Au-Cu, (vi)
Ba-Co-Cr-Al2O3-V, (vii) Ga-Zn-TiO2), (viii) B-MgO, (ix) Cs-Rb, (x) Li-Zr-Nb, (xi) Sr-CaO, (xii) Mn-Mo, (xiii) 13: Hf-U, (iv)
Ni-Re, (xv) Pb-Sn-Sb and (xvi) Th-K2O-Tl parageneses. A notable feature of the Boyo stream sediment is the
association Au-Cu (Fig. 12).

5 Discussion

5.1 Morphological evolution of gold particles and gold variation
in stream sediments
Gold is a malleable native element whose morphological feature evolve more rapidly than silicates in response to
physical weathering. The transport of gold in �uvial environment depends of the grain size, and the shape. The
Boyo gold grains range from 0.125 to 1 mm in size (Fig. 4) and indicate a mix population with various degrees of
hammering, abrasion and transportation distance. They display various outlines and morphologies con�rming
evolution in a �uvial environment similar to those described in Otago in New Zealand (Youngson and Craw,
1999) and in Southern Cordillera in Chile (Townley et al., 2003). Based on the morphological characterization of
gold grains by Townley et al. (2003), the Boyo alluvial gold grains are of two categories. The �rst category
(Fig. 4a, 4b) comprises Au grains that are distal to the source (50 to more than 300 m), they are rounded and sub-
rounded with irregular outline, irregular topography, branched and bent-up to folded outlines, and pitted surfaces
and cavities due to hammering and abrasion. The second category (Fig. 4c, 4d) includes Au grains that are
proximal to the source (0–50 m), they appear oblong with angular and sub-angular edges, and regular shape.
These grains experienced little attrition and deformation in the �uvial system. They are uniformly distributed,
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contrasting the result of Embui et al. (2013). In the study area, there is no signi�cant variation between the Au
concentrations obtained from panning and geochemical exploration). A challenge faced in stream sediment
geochemical survey is that of an erratic distribution of gold in the different size fractions of sediments
(Chandrajith et al., 2001). Given that the Au determined from panning and weighing method corroborate that
from geochemistry and allows the use of any size fraction for exploration in the study area. According to
Bellehemeur et al. (1994), Garrett et al. (2004) and Mimbo et al. (2004), Au concentrations in stream sediments is
usually very low (< 1 ppb) or below the detection limit. This study however, shows high Au concentration of > 
10000 ppb (Table 2). Because stream sediments represent materials weathered from parent rock transported
downstream, the mineral content of stream sediments depends on the primary mineral of the rock, the degree of
weathering and the dispersion mechanism (Ali et al., 2006; McClenaghan and Cabri, 2011).

5.2 Element associations and spatial distribution
From the correlation analysis (Fig. 10), Au shows high correlation only with Cu (r = 0.71) and moderate
correlation with Ag (r = 0.52). Other element pairs exhibit positive correlation with their respective correspondents.
The correlation coe�cients of selected elements have been plotted in Fig. 13, the similarity in the patterns for Ag
and Cu (Fig. 13) implies some geochemical coherence and suggests similar input sources and common
geochemical characteristics of the elements. Therefore, trace element concentrations in stream sediments of
Boyo were of geogenic origins. Meanwhile, the Boyo stream sediments are subdivided into two groups: the �rst
group with low Ag values (Ag: 0.062–8.47 ppm, av. = 4.22 ppm) and the second group comprises high Ag
contents (Ag: 20–51.3 ppm, av. =25.73 ppm; Table 2). All this suggests that the Boyo gold grains result from two
sources or derived by two geological processes in which the sulphidation was the dominant mechanism of gold
ore deposition. The factor 5 which is made up of chalchophile elements (Ag, Au, Bi, Cu) constitutes the
mineralization factor and the presence of these elements in the same factor suggests that gold is associated
with sulphide minerals. The association Ag-Au-Bi-Cu indicates a distinctive primary mesothermal sulphide ± Au
mineralization paragenesis (Pirajno, 1992; Embui et al., 2013). Artisanal gold exploration has been carried out in
Boyo area and the on-going artisanal gold mining supports the placer gold mineralization. The evidence of placer
gold mineralization in Boyo is also supported by the presence of free gold grains in the panning and weighing
method. Elements of factor 7 (Ag, Hg, W) do not have any relationship with Au and the association Ag-Hg-W also
represents a sulphidation event. According to Embui et al. (2013), this type of association is attributed to the
hydrothermal alteration of wall rock. Elements with similar behaviors were determined with cluster analysis
(Fig. 12) and categorized in groups (cluster I and cluster II). Therefore, the conformity between Au obtained from
panning method with geochemistry points to Cu as being the only element that Au associates (Fig. 12) in the
study area. The Au-Cu paragenesis recorded in Boyo area should be compared with the porphyry Cu (± Au)
paragenesis (Boyle, 1984; McQueen, 2005; Rodionov et al., 2013). The Au/Ag (0.19–136.13, av. = 14.16) ratio in
the studied stream sediment is variable and exhibit unusual values largely greater than the Au/Ag ratio (0.1) in
the upper lithosphere (Boyle, 1984), with sample P9 showing the high ratio (Au/Ag = 136.13). The stream
sediment samples show elevated content in REEs (1684.9–2382.8 ppm, av. = 2270.17 ppm) notably in LREEs
(53–1300 ppm, av. = 433.62 ppm), this may be to the presence of REE-bearing mineral such as monazite, and the
negative Eu anomaly could be due to the presence of feldspar (plagioclase).

The distribution of Au in the study area is regular (Fig. 2), the River Boy and tributaries show a lot quantity of gold
in the pan concentrate (Fig. 5.2). The distribution maps for elements of factor 5 have generated (Fig. 14). The
concentrations of the selected elements exhibit considerable variation in space distribution, Au has the highest
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concentrations and shows a geographic trend (Fig. 14). The spatial distribution of Au and associated chalcophile
elements such as Ag, Bi and Cu is sporadic with no clear pattern along the drainage system (Fig. 14). These
chalcophile elements show low concentration and serve as potential path�nders for Au in the study area. They
also show moderate to strong correlation and spatial association with Au. The coe�cient of variation (CV)
values of Boyo ranged into two groups: (i) the low CV values range from 2.23–48.84% (Table 3) and correspond
after Karanlik et al. (2011) to a spatially homogeneous distribution of element concentrations; the majority of the
analyzed elements (27 elements) fall within this group. (ii) Elements with the high CV (51.03–166.03%) values
(Table 3) include Ag, Cd, Ga, Hg, Ni, Sb, Sc W indicate a non-homogenous surface distribution. This observation
is also con�rmed with the standard deviation values. The low standard deviation values (≤ 30.10%; Table 3)
suggest a spatially homogeneous distribution. Au (433.33%) and Hg (180.14%) show elevated standard
deviation values suggesting a non-homogenous surface distribution and a high variability for these elements.
The very low positive skewness values suggest that individual trace elements were very weakly right-skewed and,
the very low negative kurtosis values indicate a very slightly light-tailed distribution. All this result is con�rmed
with the bar chart graphs in which histograms of original data distribution of elements show symmetric and
normal distribution (Fig. 8).

5.3 Source of provenance, sediment maturity, weathering and
tectonic environment
In this study, we used the discriminant function diagram of Roser and Korsch (1988) to infer the source of
provenance of the Boyo stream sediment (Fig. 15a). In this diagram (Fig. 15a), all the stream sediment samples
from Boyo yield intermediate igneous provenance suggesting that the alluvial gold from Boyo area proven from
intermediate igneous rocks. The sediment provenance of the studied area can be compared with the sediment
provenance from Mbiame foodplain (Etutu et al., 2020). The Boyo stream sediments exhibit high Th/Sc (av.:
45.23) and La/Sc (av.: 121.55; Table 2) ratios, which are greater than those of the recommended values of UCC
(Th/Sc = 0.75 and La/Sc = 2.21; Rudnick and Gao, 2003) and closer to sediments from mixed felsic/basic
source). This indicates that the studied sediments originated from a mixed felsic/basic source, and in the La/Th
vs. Hf diagram (Fig. 14b), all the studied samples cluster within the mixed felsic/basic source �eld.

The source characteristics of sediments is constrained with the Sr vs. Ba plot (Fig. 15c) by (Floyd et al., 1989) in
which the Boyo sediments plots within the �eld of mature sediments (Fig. 15c). The maturity of these sediments
is also con�rmed with the moderate Zr–Hf content since Hf and Zr are closely associated in sediments and are
both concentrated in zircon. Ndema Mbongué and Mbonjoh (2020) also recorded mature sediment as source
characteristic of sediments for the Gouap banded iron formations. This result is different with the studies of
Moudioh et al. (2020), Chombong et al. (2013) and (Soh Tamehe et al. 2018).

The detrital fraction of the studied sediments is constrained by La/La* versus Yb discrimination diagram after
Jahn and Condie (1995). In this diagram the Boyo stream sediment samples plotted onto the detritus �eld
(Fig. 15d) suggesting a detritus-free mineralization. This result is also supported by Ni (81–39.4 ppm), V (29–48
ppm) and Sc (2.6–10.4 ppm) contents in stream sediments suggesting after Yang et al. (2014) clastic and
detritus inputs. Meanwhile, low concentrations of Al2O3 (0.21–0.73%), TiO2 (0.08–0.11%), Na2O (0.02–0.03%),
K2O (0.03–0.07%) and the correlation between Na2O and K2O (r = -0.54) suggest some sources of
contamination. The Boyo stream sediments display high La (383–1300 ppm) contents re�ecting felsic input.
Therefore, the La-Th-Sc ternary plot by Bhatia and Crook (1986) was used to determine the source of
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contamination of the Boyo sediments. Boyo stream sediment samples fall within the �eld of granitic gneiss
sources (Fig. 15e). This indicates that the source of detrital contamination in the Boyo stream sediment resulted
from granitic gneiss. Furthermore, since Th/U ratio (> 4.0) in sedimentary rocks re�ect important weathering at
the primary source (McLennan et al., 1993), the high Th/U ratios (5.31–8.94; av. : 6.81) recorded in the studied
area compared with the value of UCC (Th/U = 3.89 after Rudnick and Gao (2003) and Th/U = 3.82 according to
Taylor and McLennan, 1985; 1995) indicate these sediments have undergone weathering as shown by the Th/U
vs. Th diagram (Fig. 15f).

Maynard et al. (1982), Bhatia (1983), Bhatia and Crook (1986), Roser and Korsch (1986) and Kroonenberg (1994)
related sediments geochemistry to speci�c tectonic environment. The inter trace elements in clastic sediments
have also been used in discrimination diagrams of plate tectonic settings (Varga and Szakmany, 2004), these
elements can be transferred quantitatively into detrital sediments during weathering and transportation to re�ect
the signature of the parent material (Armstrong-Altrin et al., 2004). For this study, the discrimination diagrams of
tectonic settings after Bhatia (1983) and Roser and Korsch (1986) were used to evaluate the tectonic setting of
the Boyo stream sediment samples. In these diagrams (Fig. 16a to 16d), samples cluster near the �eld of passive
margin (PM) setting. The Passive Margin setting is also retained for the tectonic setting of the Ntem
metasediments (Moudioh et al., 2020).

6 Conclusion
Stream sediment geochemical survey was carried out in the Boyo area situated within the Neoproterozoic or the
Pan-African Fold Belt in Cameroon. The minerals present in the heavy mineral concentrate include gold, zircon
and muscovite. Gold grains were identi�ed both in the pan concentrate and under the microscope, their grain size
varies from 0.125 to 1 mm and the shapes of the gold grains ranged from sub-angular to angular. They display
various outlines and morphologies which con�rms evolution in a �uvial environment. The Boyo alluvial gold
grains are of two categories indicating a mix population with various degrees of hammering, abrasion and
transportation distance. The �rst category includes those that are proximal to the source and appear oblong with
angular and sub-angular edges, and regular shape. These grains experienced little attrition and deformation in
the �uvial system. The second category comprises those that are distal to the source, they are rounded and sub-
rounded with irregular outline, irregular topography, branched and bent-up to folded outlines, and pitted surfaces
and cavities due to hammering and abrasion.

The chemical analysis of the Boyo stream sediment has revealed that Fe2O3, Al2O3 and SO3 are the dominant
major elements, the sediments are depleted in Nb and Mo and enriched for the rest of trace elements. Gold has
the highest concentrations followed by Mn, Hg, Th, Y and the Au/Ag ratio exhibit unusual values largely greater
than the value of the upper lithosphere. Upper Continental Crust normalized REE patterns shows LREE
enrichment compared to the HREE, and a negative Eu anomaly. The frequency distribution graphs show a normal
and symmetric distribution, and the spatial variability of trace elements and the low coe�cient of variation
values were in accordance with a spatially homogeneous distribution.

Correlations between elements and the correlation coe�cients patterns for Ag and Cu suggests some
geochemical coherence and evidence for similar input sources and common geochemical characteristics of
elements. Trace element concentrations in stream sediments of Boyo were of geogenic origins. Meanwhile, Boyo
stream sediments ranged into two groups including low Ag content and high Ag contents, and all of this
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suggests that the Boyo gold grains result from two sources or derived by two geological processes and, the
sulphidation was the dominant mechanism of gold ore deposition.

Multi-element statistical analysis shows a strong association of Au with the chalchophile elements Ag, Bi, Cu
suggesting that gold is associated with sulphide minerals. Ag-Au-Bi-Cu constitutes the mineralization factor and
the chalcophile elements Ag, Bi and Cu serve as potential path�nders for Au in the Boyo area. The paragenesis
Au-Ag-Bi-Cu indicates a typical primary mesothermal sulphide ± gold mineralization paragenesis and the
development of Ag-Hg-W association is related to the hydrothermal alteration of wall rock.

The Boyo sediment derived from intermediate igneous provenance, these mature sediments that were deposited
in a passive margin environment exhibit high Th/Sc and La/Sc compatible with mixed felsic/basic source
sediments. The detrital fraction and the source of contamination resulted from granitic gneiss sources (felsic
input) and sediments have undergone intense weathering.
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Figures

Figure 1

(a) Reconstitution map of the Pan-African NE Brazilian and West African domains showing the continuity
between the Sergipano and North Equatorial ranges (after Castaing et al. 1994). (b) Geologic map of Cameroon
(Kankeu et al. 2018; Fossi et al., 2021) showing the location of the Boyo area and the main lithotectonic
domains. YD: Yaounde domain; AYD: Adamawa Yade domain; WCD: Western Cameroon domain; BOSZ: Bétare-
Oya Shear Zone; SSZ: Sanaga Shear Zone; Pe: Permambuco Shear Zone; Pa: Patos Shear Zone TBSZ: Tibati-
Banyo Shear Zone; SL: Suture Line; KF: Kandi Fault; KCSZ: Kribi-Campo Shear Zone; NT: Ntem complex; DS: Dja
Series; NS: Nyong Complex
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Figure 2

Sample location map of the study area
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Figure 3

(a) Heavy mineral concentrate showing a lot quantity of gold grains. (a) Photomicrograph of mineral grains in
stream sediment from Boyo area. Zrn = zircon, Au = gold, Ms = muscovite
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Figure 4

Gold grains recovered from stream sediments in Boyo display various outlines and morphologies. Note the
particle sizes: (a) 0.125 mm, (b) 0.25 mm, (c): 0.5 mm, (d): 1 mm

Figure 5
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Grain size distribution of gold in stream sediment. (a) Bar chart representation and (b) cumulative percentage
curves showing the median value (median = 0.3875 mm). ICP: increase cumulative percentage, DCP: decrease
cumulative percentage

Figure 6

(a) Major elements occurrence in stream sediments. (b) Enrichment-depletion diagram for major and trace
elements
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Figure 7

(a) Ternary plots of (a) Au–Ag–As and (b) Au–Ag–Hg respectively showing very high content of Au, low content
of As and low to moderate concentration of Hg in stream sediment from Boyo.
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Figure 8

Frequency bar chart for some selected trace elements showing normal and symmetric distribution
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Figure 9

Upper continental crust pattern normalized rare earth elements. Normalization values are according to Rudnick
and Gao (2003)
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Figure 10

Pearson's correlation matrix

Figure 11

The scree plot showing the calculated eigenvalues arranged from the largest to the smallest values
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Figure 12

Dendrogram from cluster analysis



Page 35/38

Figure 13

Selected correlation coe�cient patterns for TiO2, K2O, Ba, Ag, Au and Cu for the studied stream sediment
samples from Boyo
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Figure 14

Geochemical distribution map of Ag, Au, Bi and Cu
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Figure 15

(a) Discriminant function diagram (Roser and Korsch, 1988) of major elements. The discriminant functions are:
Discriminant Function 1 = -1.773TiO2 + 0.607Al2O3 + 0.76Fe2O3(total) - 1.5MgO + 0.616CaO + 0.509Na2O -
1.224K2O - 9.09. Discriminant Function 2 = 0.445TiO2 + 0.07Al2O3 - 0.25Fe2O3 (total) - 1.142MgO + 0.438CaO +
1.475Na2O + 1.426K2O) - 6.861. (b) Discriminative plot for the provenance of the Boyo sediments La/Th vs. Hf
modi�ed after Floyd and Leveridge (1987) and Cullers (1994) respectively. Mean reference contents are from
Condie (1993). (c) Plot of Sr vs. Ba diagram for stream sediments from Boyo after Floyd et al. (1989). (d) Yb v.
(La/La*) diagram of Alexander et al. (2008) show the chemical nature of the sediments at Boyo. (e) La-Th-Sc
ternary plot (Bhatia and Crook 1986) to assess the source of detrital contamination in stream sediments from
Boyo. (f) Th/U vs. Th adopted from McLennan et al. (1993). Fields and trends from Gu et al. (2002). Th/U ratios
higher than the upper crust value follow the weathering trend
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Figure 16

Evaluation of discrimination diagrams of tectonic settings for the Boyo stream sediment samples based upon
the bivariate plots (Bhatia, 1983) (a): Fe2O3* + MgO – TiO2; (b): Fe2O3* + MgO – K2O/Na2O; (c): Fe2O3* + MgO –
Al2O3/ (CaO + Na2O); Fe2O3* represents total Fe expressed as Fe2O3. (d): a ternary plot La – Th – Sc (Roser and
Korsch, 1986)


