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Abstrned

The environmental peochemistry of sodls from Saighe and environs, Minna, North-central Nigera was
studied with the aim of asscssing the impacts of artisannl gold mining activity n Saighe and environs.
Ceologienl Beldwork cormed ot in the aren revealed that the underlying lithobogies include schist,
granite and amphibolite. A geochernical soil survey was also carried out-and a total number of twenty
(20} soil samples were systematically collected from both mined and unmined sites within the study
area, of which sight [8) Ii'qﬂ':ﬂ-:n‘tltl\l":- smples were geochemically u.nal:rmd. Elemental concentrations
{major and trace elements) in the soil samples were detenmined using X-Ray Fleorescence (XRF)
lechnique. The physical impacts observed during ficldwork include loss of vegelntion, Iland
degradation, water pollution and abandoneéd pits. The avemge concentrations - of 'the eléments
determined were compared with the published upper cruatal sbundance of the individual slements and
subsequently ther enstehment ration were compuled, Elements such ns Ag, Ao ond Hp show high
enrichment with 1.8l ppm, 0.03 ppm and 0.11 ppm concentrations respectively. The result from
pocumilition index ({geo} also shoows possible Hg contimination, This potentially ioxic element can
canse serous damags to the skin, nervous and digestive systoms in man through direct o indirect
COMSLImpIinT,

Keywords: Contamination, Geochermistry, Human Health, Lond Degrodation, Saighe

1. Introduction

Miming 15 the extraction of mineral resources that occur naturally in the Earth such as gold,
coal, cassiterite, gemstones and so on for the production and supply of raw materals nesded
for construction of social xmenities in wrban communities in developing nations (Ahmed ef o/,
2016). Arusanel and Small Scale Mining (ASMs) refers o the mining activities carmed out by
individuals, proups or communities using ‘simple and menial tools in developing nations to
exploit mincrals. Gold has always been depicted as a symbol of success among other
chamactenstics it has (Soth, 2016). In order to win goid, the activities of panming n Avers and
streams, development of underground workings, small scale processing plamts as well as
industrial mines have evolved. Artisanal pold mining as a process of exploiting for gold wsing
rudimeritary tools have been parl of the socio-sconomie sector for the rural poor in many
developing nations (Omanayin ef of, 2016},

Globally, the consequences of artisunal and small-scale mining are as important as large-scale
mining activities. Some of these are large influx of population, change in level of natural and
cummunity resources, potential effect on health, conflict generstion, creation of employment,
child and human labour (Roland, 2011). There are sbout 80 to 100 million people that globally
depend directly of indirectly on this form of informal mineral resource exploitation as & means
of survival (Gunson et al., 2004). In some developing countries; the production of ASMs may
even equal or exceed the production of large-seale mines (Hentschel ef ol 2002), It employs
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about ten times as many people that work in industry mines, generally constituting workers
whao are nod cligible for ecmploymest in industrial mining due to lack of formal education and
experience (Bender, 2017). However, the repercussions of this method of exploitation can be
devastating on the health of the artisans and the mhabitants of the mining area as well as
surrounding communities leading to loss of vegetation, soil degradation and erosion as a result
of engrained digging of the soils. In an attempt to assess some of these effects often associnted
with artisanal goid mining, this work focuses on the geochemical investigation of soils from
the Saighe artisanal gold mining n part of North-central Nigena.

2. Location and Geological Setting

Saigbe is situated in Bosso Local Government Area of Niper State and it falls within South-
western part of Minna Sheet 164 (Figure 1), It is bounded between the coordinates of Latinndes
6*33307N and 6°36°30"N; and Longitudes 9°45'00"E and 9°42'00"E, covering a total area of
upprmimmlg.r}lhn‘. The study area is linked by several minor ronds and a secondary road,
and footpaths which made accessibility o the study arca easy. Other neighbouring villages
around the study area inglede Pawo, Shipada, Shipana and Dangwani.

Smighe and its environ lies within the Precambrian basement rocks of central Migeria. These
basement rocks form part of the extensive Pan-Adncan Province of West Africa and are
bordered in the east by the Congo Craton and in the west by the West African Craton (Turner,
1983), On the basis of geochronology and lithological associations, the Nigerian hasement
rocks consist of Migmatite-Coeiss-Quartsite: complex, Schist belts, Older Granite suites, The
Migmatite-gneissic—quarizite complex 15 dated Archean 1o Barly Proterozoic (2700 - 2000
Ma). The low grade schist consists of the NE-SW trending belts mainly advanced within the
western half of the country and the granitoid plutons of the Dlder Granite suite dated Late
Proterozoic tn Early Phanerozoic (750 - 450 Ma). These schist belts, especially the westem
half hove been studied extensively and established to serve as hosts to gold mineralization
amongst others (Turner, 1983; Ajibade o af,, 1987, Garba, 2000; 2003 and Obage, 2009).
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Figure 1: Location map of Saighe and environs in Niger State, North-central Nigeria.
3. Muaterials and Methods
The methods employed in this study include fisldwork during which soil samples were
collected, physical impacts were observed, and lsboratery work in which representative soil
samples collected from the study area were analysed for their elemental contents.

1.1 Fieldwork
Systematic geologic mapping was done on 8 scale of 12 25000, The scil samples were collected
within the boundaries of the study area. The various rock types were mapped using traverse
method while the soil samples were collected using grid-controlled method. The locations
where the rock outeropped and soil samples collected were established on the map using Global
Positioning System (GPS). Different lithologie units within the perimeter of the smudy area
were closely observed and described in hand specimen with regards to their colour, texture and
mineratogy. Seil samples were collected from both mined and un-mined areas, within the
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mining gite with the aid of hand trowel between (0 cm to 15 cm depth and their charsctenstics
recorded in siti on the field notebook. A total of twenty soil samples were collected; four from
mingd site amnd sixieen fFom un-mined ares. Eight representative soil samples were
peochemically analysed wsing X-my fluorescence analytical technique.

In the course of leldwork, the whole mining site was evaluated in opder to pszess the level of
physical domages the gold mining activity has mourred on the environment. This was made
particularly on the agricultural land use since that is the major occupation of the inhabitants of
the anca,

1.1 Laboratory Work

3.2.1 Sample Preparatbon

Sample preparation for chemical anakysis was camried out on eight representative soil samples
out of the twenty samples collected from the field. It was partly done in the Engineering
Laboratory of the Department of Geology, Federal University of Technology, Minna whers the
samples were first sun-dried under dust-free condition for about 24 hours in order 1o remove
the moisture, 1000 grams of éach ol the selected samples was disaggrepated or crushed using
porcelain mortar and pestle and sieved using a stack of sieves of different mesh sizes to obtain
puinus 2 mm fraction. About 500.¢ of the minus 2 mm fraction each of the samples wos sent o
the Mational Geosciences Research Labomtonies, Kadunn, Nigeria where further preparation
wis carried oul on them. At the Laboratory, giass beads and powdered pellets were prepared
fior major ooxides and trace elements peochemical analyses. For the glass beads, 75 pm fraction
of each of the representative soil samples was mixed with a flux in a flux/samp le ratio of 51
to 10:1 und heated 1o 90°C — 100°C in a platinum crocible. The sample was then dissolved in
the flux using lithium tetraborate caste in a mould with a flat bottom and resultant plass/fused
beads of sach reprisentative so1l sample were produced. Powdered pellets were produced for
each of the soil samples by weighing 5 g of the pulvensed sample into a beaker and addition
of 1 g of hinding agent (starch ond solubie). The mixiure was thoroughly mixed o ensure
homogeneity which was later pressed under high pressure (6 “tonnes’) to produce pellets;
labetled and pockaged for analysis.

3.2.2 X-Ray Fluorescence Spectrometry Analysis of Soils

The prepared glass beads and powdered pellets of the soil samples were analysed for their
major oxides and trace elements respectively using Encrgy Dispersive X-ray Fluorescence
(EDXREF) spectrometer of model “Minipal-4" software machine, The cumrent used were 14 kV
and 20 kW, and selected filters were Kapton and AgfAl thin, for major and race elements
respectively. The filters were selected based on a gmded periodic table for elemental
determination. The prepared glass beads and pellets from each of the samples were placed in
each position on a sample chanpger of the mochine and the spinner with the sample changer
enables batches of samples to be processed fully and automatically. The mean concentration of
each element in the samples was compared to Wedepoh] (1995) and Rudnick and Goa (2003)
average concentrations of elements in upper continental crust, Yalues that correspond or fall
below the expected limit were accepted as safe while values above the limits indicate very high
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copcentrations of such elemenis in the soil which can canse serious environmental problems to
plants snd animals.

4. Results and Discussion

4.1 Litholopy and Field Relations
Seighe and environs iz mainly underlain by three Precambrian rocks. These include the schist,
granite and amphibolite (Plate 1}, The schist occurred as a low-lying outcrop and it is light
coloured, mediom to coarse-grained in texture and fairty weathered, and occupied 60% of the
study area, Mineralogical compositions i hand specimen include quartz, feldspar and mica.
The rock generally trend in NE - 3W direction with a dip angle ranging between 257 - 35° E.
Theze are presence of joints which are filled with quariz and quarize-feldspathic. veins. The
granites, second in lerm of arcal extent (32%) intruded the schist. Granite is prominent towards
the north-western part of the area. They are leucocratic to melanocratic in colour, fine 1o coarse -
grained in texture, consist of quartz, feldspar, muscovite and other dark minerals in trace
amounl, They are highly jointed and fanlied, and this serves as an evidence of deformaticnal
processes in the ares. The Amphibolite occurs mainly in the north-eastern part of the area,
clearly along the mam River Saighe which is believed to have been structurally controlled. The
amphibolite are medium to coarse-grained in texture, weakly foliated and dark in colour which
may be due 1o the presence of hormblende and plagioclase minerals. I oceupied the remaming
E% of the whole area studied, Summary of the soil samples and their characteristics as obtained
from Saighe area is presented mn Table 1,

ey L g it Bl T

Plate 1: (a) A slightly weathered schist showing schistosity (b) Granite outcrop with fault (c)
Weakly folisted amphibolite.
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Table 1: Summary of the physical features of the soil samples collected from the study area,
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Artisanal mining activities are difficult to be monitored and therefore are detrimental 1o the
environment, health of the operators and the inhabitants in the community. Field observations
indicated that artisanal gold mining has resulted in Jots of physical environmental degradition
on the aren of study, One of the numerous effects of artisinal gold mining in the study ares is
the destruction of the original landscape as 2 result of excavation. The heaps of rock and tailings
gencrated during gold mining activity cannot easily be disposed of and hence constilute source
of environmental impact (Plate 2a).
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Flate I: {(a) Land degradation due to excavation during mining (b} Loss of vegetation and
development of erosion featured due to mining in Saighe.

Also, mimng activity has instigated the cleanng of site which hag been responsible for the
removal of vast quuntity of surface vegetation. The gold mining activity in the area has led to
the destruction of vegetation, expose the soil o erosion and makes it unfertile for crop
cultivation (Plate Zb}. Tolulope (2004) reported a similar case of vegetation loss particularly in
the Miger Deltn arcas where oil spillage has equally affected the growth. of vegetation,
Abandoned pits that have been left un-reclaimed now serve as death-traps for livestock and
human beings especially when filled with water (Plate 3n). Reptiles are also forced 10 finding
shelter in these pits because their habitats were destroyed during the pgold exploitation
Arisana] mining of baryies in Azarn area of Nasazewna State was reported 1o have destroyed
more than 000 heetares of arable farmlands and fiooding of sbandoned pits that have become
dangerous traps (Salati of &, 2011, Potable water must be tasteless, adourless end colourless
Water nlong the mver channels used for gold processing is observed 1o have been contaminated
e 1o increase in heavy load from mine waste and rock dumps from the mine pits within the
study area Thes 1 evident in the dizcolouration of the water from processing areas (Plate 3b),
The pamning along the rivers or streams durng gold processing generally pose nsk on humnn
health and environment becanse the river is the major source of water for the villagers that
surround 1. e (B :
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Plate 3: (s} An abandoned open pit (b)) Contamination of water along the stream due o gold
[IOCESSINE
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4.2 Geochemistry of the Soll Samples
Table 2 presents the results of the concentrations of major and trace elements and organic
matter compogition for the analysed soil samples from Saighe area of North-central Nigenia.
The table shows the results of this work along with the crustal averages by Wedepohl (1995)
and Rudnick and Goa (2003),
In Table 2a, alumina { Al;03) has & mean concentration valoe of 1089 wi % which is low when
compared with the published crustal abundances of 1504 ppm and 15.40 ppm by Wedepohl
(1995} and Rudnick and Goa {2003) respectively. The presence of alumina in the soil samples
ts as o result of chemical wenthering of aluminosilicate mineral (residual clay minerals)
compositions in the surrounding basement rocks such as feldspars (X AISisOx, X= K, Ca or Na)
and micas. Silica {Si(h) has an average concenfration valuc 65.94 wi.ls which is high
compared to Wedepohl {1995) and low compared to Rudnick and Goa {2003). The Si0:
concentrations in the samples indicate granitic composition of the surounding rocks,
Potassium oxide (K20) in the soil samples has a mean valoe of 1.93 wi%%, thiz value is low
when compared to Wedepohl (1995) and Rudnick snd Goa (2003). The presence of K0 in the
s0il samples showed that clay minerals are present due to the weathering of feldspar in the
country rock.
The values of CaD, MgO and Nax() are considerably fow i all the samples compared with
Wedepohl (1995), and Ruadnick and Goa (2003). Titanim oxide (TiO:) has very high averape
concentration (3.05 wi.%) when compared with both Wedepohl (1995) and Rudnick and Gos
(2003). TiD: might indicate an unusual amount of rutile, ilmenite or sphene since they are
usually found in igneous rocks and sediments that formed from them. This high TiD:
concentration was recorded in area underlaim by granite with pegmatite intrusion, The mean
concentration of manganese oxide (MnO) in the soils i 0.33 wi.%, which is high when
compared with both standards. Concentration of manganese m the soils can oceur naturally by
geochemical processes which are small changes in pH of s0ils in the absence ﬁi‘uu}-gm (Do,
1998). The mean concentration of iron oxide (Fea(0O4) i3 also high compared with Wedepahl
{1995} and Rudnick and Goa {2003),

Table 2a: Summary of XRF data for major (wt. %} in soils from Saigbe area compared with

published crustal sbondances,

Oxides’  Minimum Ml i Average Crosial  Abundance of Chemical
Element conceniration conceniration concentration Elemnents

M= 8) Wedepohl  Stams | Rudnick and  Stanas

(19955 Ghan (2003

AlzOs 129 16,50 10,89 15.05 Low 1540 Low
510y 41.2 Ba.a0 65,04 G150 High 6660 Low
K0 .64 4.21 183 2.40 Eow 280 Low
MazCk (3% 1.78 k2] 3.20 Low 3,27 Lo
Cal 0.506 4.81 247 5.50 Low 159 Low
MpO .36 258 119 3,70 Low 248 Low
T 085 588 305 .68 High 0.64 High
Mni) 014 0,74 033 010 High 010 High
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FeaDy  2.82 i8.50 ) 6.28 High 5.04 High

Table Ib: Summary of XRF data truce clements (ppm) in soils from Saighe area
compared with published crustal abundances.

Oades’  Minamum B e irniarm Average Cristal  Abundance  of  Chemical
Element  concentration concentration  concentration  Elements

M=8§) Wedepohl Btmtun - Rodnick amd  Sesiis

_ (1995) (o (2003)

v 0,19 (.03 0.09 08,00 Low 97.00 Lavw
C'r {32 .02 R ] 1260 Low 9200 Lo
Cy 0.23 b 034 i e 25.00 Low 2500 L
Zn .00 (b, CHts D5 R Low 67.00 Lowe
ar .34 0049 R A33.000 Lowow 320000 Loy
Zr 0,493 019 {54 207,06 Low 193.04 Lowe
iCe 15 0. 09 G000 Low 6300 Liow
Ba 1, 541 019 (32 8400 Low 62500 Low
Fh .55 i, (ki 2y 15.00 Low 17.00 L
Ci 0,002 DEE R ooz 2400 Liww  24.00 Low
Ag 330 0.08 181 0.07 High 0.05 High
bla .03 .09 G 1.10 Low L10 Lo
Hg 0.009 0.17 0.11 0.04 High 0.0 High
Au .01 . 0 (.43 0.025 High 0.004 High

The results of trace element analysis are summarized in Table Zb alang with their comparison
with published concentrations by Wedepoh! (1995) and Rudmick and Goa (2003). Trace
elements such as V. Cr, Cu, Zn, 81, Zr, Ce, Ba, Pb, Co and Mo have lower concentrations when

compared with Wedepohl (1995) and Rudnick and Goa (2003), A, Hg and An concentrations
range fram 0.08 ppm — 3.3 ppm, 0,009 ppm— 0.18 ppm and 0.001 ppm — 0.09 ppm with mean
cencentrations of 1.81 ppm, 0.1]1 ppm and 0,63 ppm respectively. The results show that mean
cencentrations of Ag, He and Au are higher when compared to Wedepoh! (1995) and Rudnick
and Goa (2003}, Ag can get into human through ingestion and inhalation. Exposure 1o high
level of Ag leads 1o discolourstion of skin and breathing problem, The high concentration of
Ag in the study area 15 possibly due to the local geology and mining activities. Hg oocurs
naturally in trace quantity in the canth crust (Cava ef al, 2004), Berzas ef al. (2003) reported
that mining of ore expose human to mercary. Hg may be released into water bodies, deposited
in sediment or emitied into the atmosphere. Mercury contamination s passed through food
chegin to human. [t is toxie to the reproductive and nervous systemn (Frumkin er af, 2001). High
Hg content interrupt metabolism i plants (Messer ef af,, 2005). The high Hg concentration in
the study area is probably related to mining activity.
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4.3 Enrichment Ratios

In an attempt to deduce the enrichment and/or depletion of some trace elements in relation to
their average crustal abundances in soil snmples from the stwdy area, ennchment ratios wene
calculated. The enrichment ratio (ER) was computed using the following equation:

n

ER=—
Hn

Where: Cn = Average concentration of an element measured in the soil sample
Bn = Relative concentration of the element in the background nccording to
Rudnick and Goa (2003),

The ennichment mtios of the trace elements are summanized in Table 3. The assessment of these
elements was done in accordance to the work of Sutherlund (2000}, who interpret enrichment
ratios (ER) as follows:

ER=< 2 — Deplétion to minimal enrichment

ER 2 = 5 — Moderate enrichment

ER 5 < 20 - Significant enrichment

ER 20 < 40 - Very high enrichment

ER> 40 - Extremely high enrichment

Table 3: Enrichment ritio (ER) of trace elements in the seil samples from Saighe area.

Elcments  Awvernge coonc. Bn ER= Stutus
(Cn) (Rudnick & Goa, 2003) (Co/Bn)
v 0.9 a7.00 0.001 Depleted
Cr {10 o o) 0.0 Depleted
Cu 0,12 28.00 00604 Depleted
1 (.05 7.0 0.0 Pepleted
Se 0,16 320,00 0.001 Depleted
Zr 053 193,00 0.003 Depleted
Ce 0.09 63.00 0.001 Depleted
Ba 032 £28.00 {0401 Deepleted
Pb 0.29 17.00 0.010 Depleted
Co 0.002 24.00 R Deepleted
Ag 1.81 0.05 36200 Very high enrichment
Mo 0,06 110 0.100 Depleted
Hg 01l 0.05 2200 Moderately enniched
A .03 0,004 7.500 Significantly enriched

" ER = Enrichment Ratio, Cn = Concentration of the element measured in a sediment sample Bn
= Relative concentration of the elements in crustal valee given by Rudnick & Goa (2003).
It can be deduced from Table 3 that the soils in the study area are depleted in ¥, Cr, Cu, Zn,
Sr, Zr, Ce, Ba, Pb, Co and Mo. The soils, however, arc moderately enriched with Hg,
significantly enriched with A u and very highly enriched with Ag,
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4.4 Index of Geoaccumulation (1gea)

Index of gecaccumulation ({geo) proposed by Muller (1969) is o method used 1o assess the
extent of pollution using seven enrichment classes based on an increase on the numerical value

in Table 4. Hence, the indices of peo-sccumubation for these trace elements from Sazighe are

prezented in Table 5.

Table 4: Classes of the index of gev-aceumulation, Jgeo (Muller, 19699,

Igeo value Igeo class  Pollution intensity

=5 6 Extremely poliuted
4-3 5 Strong 1o extremely polluted
-4 4 Strongly polluted
2-3 E Moderate to stromgly polhuted
1 -2 2 Moderately polluted
0-1 | Unpoliuted to moderatly polluted
0 0 Unpottued
Table 5: Summary of indeéx of geo-accumulation (Jeeo) for truce elements in soils from the
Saighe area.

Elements Aversge  Average Crustal Average index  of Status

{ppm) conc, (Cn)  Abundance (Bn)  geoaccumulation (Tgeo)

N 0 TN -10.70 ‘Unpolluted

Cr 010 92.00 ~10.40 Unpolluted

Cu 012 28.0d 5.5 Unpotluted

in .05 67.00 =L 0590 Uinpeelluned

ar .16 320,00 -1 160 Unpolluted

Zr 0:33 193,00 5.10 Unpolluted

Ce (.05 63,04 =[O0 Unpelluted

Ba 0.32 628,00 -11.50 Unpotlluted

FPh .29 17.00 =050 Unpolluted

Mo {06 1.10 {1 Unpolluted

Hg DAl 005 X Unpolluied 1]

moderately poliuted

Mote: Average Crustal Abundance {Bn) as given by Rudnick and Gao {2003),

The index of geoaccumulation, fgee was caleulsted for in all the samples according to the

COjUAtion:

The results show that the soils from this area are unpollited to moderately polluted with He
becanse the mean fgeo value for He is 0.6 which falls in class | of the Muller scale. Indices of

geo-accumulation, Igeo for V, Cr, Cu, Zn, Sr, Zr, Ce, Ba, Pb, and Mo all fall below class 0 of

lgeo = Log2 |

5B

Cn
1.58Bn

)
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the Muller scale indicating the soils i3 not contarminated with any of these elements (Tables 4
nnd 5.

5. Conclusions and Recommendation
Artisanal and Small Scale Mining operation has generally created significant impacts on the
socio-cultural environments and some of these include large influx of populstion, change in
level of natural and cummunity resources, potential effect on health, conflict generation,
creation of employment, child and human labour. These potential impacts informed the study
of environmental impects of artisanal pold mining in Saipbe and environs, North-ceniral
Migeria. The mining sctivity in the study area has resulted into environmental problems such
a8 land degradation, loss of vegetation, erosion and poor water quality.
The results of chemical analyses of the soil samples show that the area is highly enriched with
Agand Au and moderstely enriched with Hg. This was confirmed with the presence of artisanal
gold mining activity in the area. Trace elements such as Pb, Cu and Zn were depleted in the
analysed soil samples mdicating no mineralization of these elements in the area, The activity
of artisanal mining in the srea has slightly impacted on the environment with Hg, This foxic
element when consumed through food chan can be detrimental causing cancer, skin
colouration and kidney and lung diseases. To plants, it can resull to stunied growth and low
yields which are evident in the area with sparse vegetation and some yellow colouration,

It s recommended that other chemicals that are more environmentally friendly should be

employed to recover gold in order to save the inhabitants and the ccosystem in the area from

merury poisoning.

References

Ahmed, Y. M. & Crunove, E. D, (2016}, Socioeconome Impact of Artisanal and Small Scale
Mining on the Muambills Plateau of Tarabs State, Nigema. Pp. 1-13

Apbade, A. C., Woakes, M., & Rahaman, M. A. (1987). Proterozoic crustal development in
the Pan-African regime of Nigena, American Geophysical Urion, 259 - 271,

Bender, T, (2017). Arvisinal mining. Retrieved on 28th of Febrnury 2017 from wikipedia,
https:Ven wikipedia_ orgfwiki/ Artisanal_mining

Berzas, N, ], Garcia-Bermejo, L. F., Rodriguez, M. & Dotmeadios, R. C. {2003). Distribution
of mercury in aquatic environment 2t Almaden, Spain. Environ. Pollut., 122, 261-271.

Cava, M. P,, Rodenas, T. E, Morales, R. A., Cervera, M. L. & Guordia, M. (2004), Cold
Vapour atomic fluorescence determination of mercury in milk by slurry sampling using
multi commutation. Analytical Clinical acta., 506, 145-153.

Dorn, R. I (1998), Rock coatings. Amsterdam: Elsevier.

Frumkin, H., Letz, R., Williams, P. L., Gert, F., Pierce, M., Sanders, A., Elon, L., Mannings,
C, C., Woods, 1. 5., Hertzberg, ¥, 5., Mucller, P., & Tavior, B. B, (2001), Health effects
of long term mercury exposure among chlovalkali plants workers, Am. 1, Ind,
Med., 39, 1-18.

Garba, 1. (2000). Ongn of Pan-Africen mesothermal gold mineralization at Bin Yauri, Nigenia,
Jowrnal of African Earth Science, 31, 433 - 449,

159




Omamayin, ¥, A, Abchirvahman, R, Akande, W, ., Mamodu, A, Alkali, ¥, B., and Alabl,
{2007

Ciarba, 1. (2003). Geochemical characteristics of mesothermal gold mineralization in the Pan-
Aficun (600150 Ma) basement of Nigerin Applicd Earth Sciences {Transaction of
Institution of Mining and Metallurgy, Section B), 112, B319 — 325,

Gunson, A, T & Marcello, M. V. (2004), Mercury and Arisanal Mining in China.
Environmental Praciice. Volume 6, pp. 109 - 1240,

Hentschel, T, Hruschla, F. & Priester, M. (2002). Global Report on Artisanal and Small Scale
Mining. Mining Minerals and Sustainable Developement, Volume (700 pp. 4-60.

Meszer, B. L., Lockwood, P. E., Tseng, W. Y., Edwards, K., Shaw, M,, Caughman, G. B.,
Lews, I B: & Wateha, J. C, {2005), Mercary (11} alters mitochondoal activity of
monoseyies at sublethol doses via oxidative siress mechanisms. Jour Biomed Mat Rex B
75, 257-263,

Muller, G {196%), Index of gecaccumulabion in sediments of the Rhine River, Geofournal, 2,
108 -118,

Ohbaje, N. G, (2009), Geology amd Minere! Resources of Nigerio, Lecture Noles in Earth
Sciences (pp.2138), New York, London, Springer,

Omanayin, ¥. A, Omunbajo, M. 1., Waziri, N, M., Ako, T. A., Shuaibu, A. M. and Alaka, 1. O.
(2016). Geochemical Investigation und Physical Impact Assessment of Artisanal Gold
Mining, Kutseregi, North-Central Nigena. Intermational Journal of Sclence for Global
Sustainability (J3GE). Vol. 2(2), pp. 21 — 35. ISSN: 2488 - 9229

Roland, E. 1. (2011). An Assessment of the Envirommental Impact and Rebabilitation Practices
af Artisanal and Small-Scale Miners in Chkpella, Edo State, Nigeria, Published Master
Thesis, pp. 146.

Rudnick;, R. L., & Goa, & (2003). Composition of the Continental Crust. Treatise on
Creochemistry, Elvivier Lid, Volume (3) pp. 1 - 64

Salati, L K., Jatua, B. 8., Bida, A. 1, & Ganiyu, L A (2011). Mitigating the Envirommental
Eiftects of Artisanal Mining: A Case Study of Azara Barytes Deposits in Nasarawa State,
North Central Nigeria. Unpublishexd.

Smith, A. (2016). Importance of Gold, Retdeved on the 17® of December, 2016 from
godeoins.org: hitp/fgodeoins orgsWhat=ls-Cold

Sutherland, B A, (Z000). Bed sedimentasseciated trace metals in an urban stream, Oshu,
Haweadi. Environmental Geology, 39, 611 - 627,

Turner, D. C. (1983), Upper Proterozoic Schist belts in the Nigerian Sector of the Pan-African
Province of West Afnica, Precambrian Rerowrces, 21, 535-749,

Tolulope, A, O, (2003). Oil Exploration and Environmental Depradation: the Nigerin
experience. Environmental Informatics Archives, Vol. 2, 387 - 393,

Wedepohl, K. H. (1995). The composition of the continental crust. GeochimCosmochim Acta,

Ay



