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Abstract

Extensive mining of cassiterite and columbite oieghe Jos-Bukuru parts of Plateau State, Nigegsaeh
precipitated conditions for the formation of acithendrainage (AMD) in the area. To check for coritation
of water sources, geological, hydrogeological agdrdchemical investigations were carried out. Tisigo
improve the current status of knowledge on the wecge of AMD in the Plateau. The Rayfield arealo$-
Bukuru is underlain by pink, medium to coarse gedimiotite granites. The upper 5m of the rock ghhi
weathered, jointed and fractured. This forms alshatnconfined aquifer which is tapped by hand-dvejls
and small streams. A total of sixteen water samgitasvn from hand-dug wells, mine ponds and streasre
analysed for major element chemistry and heavy Isefdl the samples (except two) have pH valuescihi
range from 5.1 to 6.9 which indicate acidic cormtii. The two samples which indicate alkaline comd# were
drawn from a river and an industrial discharge pofide value of sodium (Na) concentration range from
2.5mg/l to 43.9mg/l while calcium (&3 is from 0.31mg/l to 7.6mg/l. Values for potassi(iti) range from
0.67mg/l to 108.85mg/l. Magnesium ion concentratisrrather low (0.02mg/l to 1.13mg/l). Concentratio
values for major anions are very low especiallyhi@ case of bicarbonate (HE)O Its concentration in most of
the samples was below detection levels. It coulddtected only in 4 samples where it ranges frakBrég/l to
24.40mg/L. Chloride (CJ values range from BDL(Below detention level) ®@8152mg/l (a river sample). For
sulphate (S0%), the range is 3.21mg/l to 6.31mg/l. The valumsifon concentration range from 0.16mg/l to
10.27mg/l which certainly exceed all guidelines foyn in water. The geochemical qualities of acithen
drainage include low pH, high fe and sulphates. I8¥the waters of Rayfield area show low pH anchhig
values, the concentration values for sulphateaweblut lead (Pb) concentrations exceeds W.H.O.
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1 Introduction

Acid Mine Drainage (AMD) is one of the negative iagps of mining on the environment. Although its
formational processes can occur naturally, miningamnstruction activities can trigger it due to theosure of
increased volumes of sulphide-bearing mineralsxiggen and water. The processes of AMD formatiomnl ten
be increased above the water table than below it.

Typically, AMD is produced when sulphide-bearingke are exposed to oxygen and water. The processes
be catalyzed chemically or microbially but the fichemical composition of the AMD formed would dede
largely on the local mineralogy of the host rodgscause of in-situ variations in mineral conteng prediction
of AMD potentials cannot be generalized. It wouldjuire a site-by-site assessment in order to éstatiie
potentials and mechanism of AMD formation unique#ah site.

Most AMD occurrence around the world are commordgaziated with iron-sulphide aggregated rock deposi
and also with coal mines but Wan Yaaabbal. (2009) has documented the occurrence of AMD inoueritin
mines in Malaysia.

2. THE STUDY AREA

The study area lies between latitudes 9° 45’ anBi49N and longitudes 8° 50’ and 8°53’ E. It is &bed within
the Jos Plateau State, Nigeria covering an arebait 60 km. Two out of the six major tin mininglds in the
state are within the study area. These are th8uksru field and the Rayfield areas.

Tin mining in the Plateau spans at least 80 yehlarge scale mining and some additional 21yeaswll scale
mining. The total land area affected by these ngirantivities is roughly 325kmz2 out of the 8,689kofithe Jos
Plateau. These mining activities have negativelydoted the environment. Efforts made at reclaindiagaged
lands have benefited only 12.37km? out of the 3Z5&hdamaged lands (Haruna. 1., 2009). Apart fromugly
picture of abandoned mine pits here and there, e rserious problem of mine is the problem of acidem
drainage. Adiukwu —Brown (1997) described the peoid of abandoned mining ponds and Lotto mines $n Jo
Plateau while Haruna 2009 outlined the trace elésnfrund in the mining ponds associated with timing
areas.

The present study is aimed at finding if AMD aclyabccurs at the mines round the study area and
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characterizing it geochemically.
3. GEOLOGY AND HYDROGEOLGY

There are three groups of rocks in the Jos PlafEa@.oldest group is the Basement complex (Predamjbr
which comprises the Older Granites, gneisses arghatites. The second group is the Younger Granites
(Jurassic to Triassic) which are uniquely alkalifbe third is the Older and Newer Basalts (Quaggm The
Younger granites form ring complexes throughout RPeteau which have been associated with tin oenus.
The most predominant type among the younger graaite biotite granites which has three distincugso(Mc
Leod et al, 1971; Olade,1980.). They are (fromdlukest to youngest) the Rayfield — Gona biotitengea N’

Gell biotite granite and Jos biotite granite. Fighbws the geologic map of the area.

Field mapping confirmed two lithologic units in tseudy area. Unit A is Jos biotite granites andupées the
northern part of the study area including Dadin lKuand some parts of Rayfield. It is a coarse gdaiak

coloured biotite granite with a regular set of {eirit contains large crystals of orthoclase tlaaige from 0.5 to
2.0cm. it weathers to a coarse, quartzose soillwdiids in identifying the unit in poorly exposeéas.

Unit B comprises two sub-units of N'Gell biotiteagite and Rayfield —Gona biotite granite. It ungsrimost of
the north-central, southern and western parts @fstbdy area. Subunit 1 (ie N'gell Biotite granit@nsists of
pink, medium grained biotite granite which weathersough boulders. The pink colour changes to evag one
traverses the unit. This unit has characterist/ Erending joints.

The sub-unit Il consists of fine grained white f@granite which is known to be rich in minerakelcolumbite,
thorite and cassiterite. This subunit is part & flos biotite granites. It underlies places likenksgam and
Sabo Baraki (ie western parts of the mapped aleadnstitutes less than 15% of the study areha#t quartz
and feldsper crystals that are between 1 - 2 mdiameter with pale green mica flakes. Its joints iaregularly
spaced. Because of crystalline nature of the rofkke Plateau, aquifers occur only in areas oftheing and
fracturing. Schoeneiech and Mbonu (1991) groupedetaquifers into three basic types. These aractufed
crystalline aquifer; a soft overburden aquifer anttanic aquifer (see fig 2). All these aquifere ahallow and
unconfined. The aquifer in the study area is thetfrred crystalline aquifer. It is tapped by botehphand —dug
wells and mining ponds.

4, METHODOLOGY

Geologic field mapping was followed by water samgliA total of 16 samples, were collected from hdod
wells, mining ponds and a river. The sampling degimpk into consideration areas that could be exgds
AMD formation or occurrence. Samples were collédre 500ml plastic bottles which had been previgusl
rinsed with distilled water to reduce the risk @htamination. Each sample was rinsed with the wetdre
collected. The samples were also filtered to remswspended particles and acidified in order to liseb
chemical species that could alter before laboragoslysis.

Before the samples were taken it was consideredssacy to carry out some physico-chemical teststin-
These include tests for pH, Eh, temperature; eétattconductivity and total dissolved solids. Théiséds test
were carried out with a water quality meter (San@x 75.1 portable pH/ORP/conductivity do metefeT
probe was immersed in the water on site and thesanement of pH, Eh, temperature, total dissolvéidsand
conductivity taken. In the laboratory, the relevaohs were analysed with the aid of atomic absorpti
spectrophotometer.

5. RESULTSAND DISCUSSION

Table 1 shows the physico-chemical characteristicgater samples drawn from hand dug wells, mirpogds
and a river that receives most of the effluentsifeomanufacturing company. The results indicatevaldes that
range from 5.06 at L1 (Dadi Kuwa) to 7.85 at L81fming pond). Most of the other pH values clusteruad
6.5 which reveals predominant tendency towardsliakkaconditions. Electrical conductivity measurertsen
ranged from gs/m in L3 which is a stream to @&m in L2 (a hand dug well at Dadi Kuwa)

Values of total dissolved solids (T.D.S) was fotadhave the lowest value of 4mg/l at L10 and tlghést value
of 66.5mg/l at L2 (Dadi Kuwa).

The results from hydrochemical analysis of the darape given in table 2. cations occur in thedwihg order:
Na > K > C&" > Mg?". This is not surprising. Bowen (1971) discussedgiochemistry of the Younger Granites
of Jos. He found them to be peralkaline granit¢ tiag low alumina and magnesia. In other wordetbmental
abundance in ground water actually agree withdhgervation.

The sodium variation ranges from 2.50mg/l at L1&i¢l is a mining pond) to 43.9mg/l at a hand dudj ime
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Dadi Kuwa (L1). The primary source of sodium are fagioclase feldspars which occur in Younger @&ean
Potassium varies from 0.67mg/l at the mining pandli6 to 11.48mg/l at another mining pond (L8). $tole
sources of potassium in the water could be reagfimrolving microcline or biotites in the host rack

Calcium, C&" varies from 0.312mg/l at L11 (which is a smallvilng stream at the School of Health
Technology) to 66.76mg/l at the mining pond (L8heTMagnesium, Mg varies from 0.03mg/l at the mining
pond in L16 while the highest value of 1.14mg/l waand at L8 (which is a mining pond). The eleménta
abundance for cations indicate that the alkaling hacks are definitely impacting the chemistrygofund water.

The anions occur in the following order: CI” > N©®SQ? > HCOy. This places the ground waters in the Na-Cl
category in terms of hydrogeochemical facies. Tho@j is the dominant anion, it was not detected in the
following locations L8, L10, L12, L13, L14 and L1&he highest value for the mapped area was indhne dug
well at L1 (Dadi Kuwa) while the lowest value wa8 {a hand dug well at New Layout). The range i9mg@/|

to 180.8 mg/l.

The next anion is NODwhich ranges from 7.21mg/l at L15 (a hand dug Well28.30mg/l at Dadi Kuwa. The
slight rise in NQ values may be due to anthropogenic activities

Sulphate ions Sg& vary from 3.21mg/l at a hand dug well in L13 t8Zng/l which is a river sample. Since the
study area was known for its mining activities,hiplphate concentration values was expected loptisimgly
the values are low.

The values of bicarbonates Hg@as not detected at all in L1, L2, L3, L4, L6, ILB, L12, L14, L15 and L16.
It has very low concentrations of between 6.10ragll10 to 24.40mg/l at L5.

The following heavy metals were tested for: Cadm{@d), Chromium,(Cr), Lead (Pb) and Iron (Fe). Olelgd
and iron occur in detectable concentrations. Piegdrom 0.0399mg/l at L16 to 0.0679mg/l at L10 nfaning
pond). Iron ranges from 0.16mg/l at L1 to 10.27nag/L8. Although iron clearly exceeded the WHO tarfior
potable water (which is 0.01mg/l), lead does nbe W.H.O. limit for lead is 0.01mg/l.

The aim of this study was to find out if acid mish&inage was forming at the study area becauds phst as a
mining area. Although results from the chemicallgsia of the waters indicate that the waters arghsy
enriched in terms of chlorides, all other paransetdrAMD formation such as low pH, high sulphatel &mon
remain normal except in very few cases. The pHeanlgich is from 5.65 to 7.85 seems quite normadloks
not show that AMD is forming in the area. Again tbes sulphate values does not suggest AMD formafidre
only factors which suggest the possibility of AMBcorrence are the high concentration values of and
chloride. It is therefore strongly suggested the alkaline nature of the host rocks may be resplengor
protecting this former mining site from experiergMD formation.
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Tablel: Physico-chemical parametersfor the study area

Sample Locations pH| Temperature Electrical Total Dissolved
N Conductivity. solids (T.D.S)
0 ps/m (mg/l)
L1 Hand-dug, well Dadi kuwa 5.0 23.3 10 7.0
Junction
L2 Dadi Kuwa, Prof's house (HW) 5.8 29.3 95 66.5
L3 Building Materials 5.9 22.2 48 33.6
near bridge (HW)
L4 Sabon Baraki, Nyanago 5.4 23.9 7 4.9
L5 Grace Bada,Nyayo New layout | 5.9 24.3 48 33.6
Bukuru (HW)
L6 New layout (HW) 5.4 24.7 75 52.5
L7 River Negel Banda New layout | 7.0 25.5 5 10.5
(S)s
L8 Atnl Mining Pond 7.9 26.6 44 30.8
L9 Dady Cpd, Bukuru 5.6 23.4 62 43.4
L10 Mining Pond near Aguidi 6.7 28.2 6 4.7
L12 Shambi House Agwadopi 5.6 23.1 69 48.3
L13 Yelwa Club house Bukuru 6.1 25.5 30 2.1
L14 Stream along Bukuru Rayfield Rd 6|7 24.2 3 2.1
L15 Rayfield (Dara Gyaugi) 5.2 24.6 79 58.3
L16 Baraki Maidiko (Mining) Pond 5.6 23 28 19.6
Table 2: Hydrochemical data of samples in study in area (all concentration values in mg/1)
Sample Locations Mat Ca* | K+ Mg | 5102 | Cd Cr Pb Fe HCOx | CI S04 | MNOs
Mo *
L1 Hand-dug, well Dadi  kuwa | 43.95 | 3.73 | 1088 | 081 | 042 | ND | ND | 005 | 016 | ND 1963 | 471 | 2830
Junction i
L2 Dadi Kuwa, Profshouse (HW) | 2557 | 283 | 625 |062 | 023 | ND | ND | 005 | 021 | ND 24 82 631 1650
L3 Building Materials 801 312 | 459 |036 |025 |ND |ND | 008 | 088 | ND 709 547 | 73D
near bridge (HW)
L4 Sabon Barak, Nyanago 476 | 063 |430 |015 |021 |ND |MND |005 |029 | WD 18080 | 432 1270
Ls Grace BadaMyayo Mew layout | 1648 | 567 | 1032 | 084 | 024 | ND | ND | 006 | 026 | 2440 | 1418 321 | 2731
Buluru (HW)
L6 Mew layout (HW) 610 | 035 |391 |006 |013 | ND | ND | 007 | 025 | ND 355 353 14 60
L7 River Mgel Banda Mew layout | 581 247 | 385 | 025 |023 |ND | ND |005 | 1538 | ND 19852 | 642 | 7.30
(5)s
L3 Atel Mining Pond [358 |668 |1148 | 114 | 025 |ND |HND | 003 |10.27 | ND HD 547 [ 530
L3 Dady Cpd, Bukur 1046 |175 |454 |041 |022 |[ND |ND |006 |033 | 1418 | 1418 | 482 |&04
LI0 | Wining Pond near &g 2107 | 768 | 571 |09 |020 | ND | ND | 007 | 056 | ND HD 531 1730
L1Z | Shamabi House Agwadopi 362 | 519 | 1027 | 072 |016 | ND | ND | 007 | 028 | ND HD 437 | 7.30
L3 | Velwa Clib house Bukur 582 [230 |30z |032 |01% |ND |[ND [008 | 031 | ND HD 3.21 1341
L14 | Streamalong Bukury Rayheld Rd | 360 | 209 | 290 | 038 | 023 | ND | ND | 008 | 086 | ND HD 434 | 564
L15 | Rayheld (Dara Gyaugh) 1541 |130 |357 |033 |023 |ND |WD | 007 |027 | 709 |709 372 | 72l
L16 | Barala Maidiko (Ming) Pond 250 | 031 |067 |003 (017 |ND |ND |00 | 032 |ND HD 411 5.43

WD=Notdetected, HW=Hand-dug well
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Fig 2: Hydrogeological cross-section, showing the three aquifer of Jos-Plateau (after and Mbonu1991).

15



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros , . - I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

Ny _?ﬂ nh
s " \ Y i—-. '. .GE()R(;ET()“N UNIVERSITY
oclc &) WF {IBRARY

eeeeeeeeeeeeeeeeee UniverseDigitall
ccccccccc WorldCat R gy —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

