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ABSTRACT

Hydrogeological investigationsf Sheet 102 Zaria NW, North @ntral, Nigeria havebeen
carried out. This was done to determine the potability of grounduatbe area. The study area

is located between latituge11®1 5 00" " 0T @0 "TIN and30I"0M0giEt ude :
7’457 00" an dppoxmatearea af about 748KmThe area is underlain by the basement
crystalline rocks which comprise migmatitgchist, granitic gneisgporphyritic biotite granite
andcoarse grained biotite granit€wo major aquifer units are present in the area and these are
overburden aquifer and weathered/fractured aquifer. Water levels were measured from eighty
four handdug wells during the end of wet seasand the peak of dry season using a modified
surveyor 0s tape. Thirtylected onwellsl \matheeareausimg mp | e s
polyethylene bottlesand fifteen elements were analyzed from these samplesluation of
hydrogeological maps has shown that the watertiabtee area is similar in the shapeboth
seasons and resembldat of ground surface contour except where interrupted by the outcrops
of the basement rocks. This shows that watertaldentrolled byrelief. The general direction of
groundwater flow is towasithe streams and their tributariesd isidentical in both seasons
Watertable fluctuation varies from 2 to 10.5 m below the ground surface with an average of 6.25
m. Result of chemical analys@f the thirty groundwater sampleshows that groundwater from

the study area is fresh and soft. It equally has atmal dissolved solid§TDS) and low
conductivity value which ranges from 5.4 to 491qi8. Thegroundwater is slightly acidic (pH
varies fom 5.3 to 6.4 with average value being 5.8). In addittmmcentration osome of the
parameters analyzed like ¥ePlf*, Zr** and C&" areabove permissible limits of World Health
Organization (WHO) standards whilbe concentrations afther paametersare having within

the recommended levetd WHO. The abundance of the major ions can be depicted as follows:
Na' >K* >Ca&* >Mg** and HCQ >CI >SQ;*. The Piper trilinear diagram shows that g

C&”*, Na" and K arethedominant cations, whereas HEO8O,> and Clarethe dominant anion

in all the watersThese aforementioned cations and anion have influenced the water cheinist

the area. Thifour water typesvereidentified namelyCa + Mg, Na + Kk HCO; Ca + Mg, Na +

KT SO;and Na + Ki SO, 1 Cl (dominants) and Na + KHCO; (minor) waters. Chemical data

of representative samples from the stadya were plottethem on Durov diagram. The samples
were concentrated on MgHG®ype. Chemical assessment iedies that groundwater from the
study aea is suitable for domestic purposes. The electrical conductivity value grfailvedwater
samplesndicates lowmedium salinity and low sodium hazard, pointing to good usability of the
groundwater for irrigation and industrial purposes. The correlatiefficents of he chemical
faciesusing statisticapackage of uachemV.O 4.0 soft ware explain the relationship that
occurs between chemicalcias. Some of the variables hastong positive caelation with

each other areNa' -CI, Na' - NOg, FePb, PBNOs, CI-NOs° CI-SO;* and NQ -SO* Na'-

SO% Cd*- Zn** et.c. The relationships might be as a result of poor sanitatiomlitions and
derivation of the ions from common sour¢esn filtration).
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CHAPTER ONE

1.0 INTRODUCTION

Water is next to air as a major support substance tdtliean essential part of life on earth and

is something that people, plants and animals need to survive. It is important that the limited
amount of fresh water that existing on earth stays safe for drinking and use for the many
purposes required in evelgy life. It occurs as surface water in streams, rivers, lakes and the
world seas and oceans and as groundwater when it accumulates beneath the ground surface.
Fresh groundwater is a precious resource which can be seriously affected by the industrial or
agicultural activities. Water should be preserved to ensure that a quality supply is available for
the future. Also, for the success of building and underground projects, the level of groundwater
must be managed during construction or engineering wenkgindwater constitutes significant
proportions of the earthods wgrbusdwateresesve ofthe e s .
world at about 5.0x% litres. This volume is more than 2000 times the volume of water in all

t he wor | Beigsnaurdiy Vilteredsin its passge through the ground, it issually clear,
colourless and has excellent quality, being free from microbial contamination and requires
minimum treatment (Babikeret al, 2007). Unfortunately, high quality groundwatecan no

longer be taken for granted, as ahteat is how posed by evancreasing number of soluble
chemicals from urban development, industrial activities and modern agricultural practices.
There has been indiscriminate exploitation of groundwater resources in Nigeti@ularly in

the north, leading to a decrease in groundwater potential, loweringateftable(hence an
increase in cost of groundwater withdrawal) and wm@t&tion in groundwater quality by
pollution and use of chemicals on the ground surface whigttathe groundwater quality.

Groundwater is almost globally important for human consumption as well as for the support of



habitat and for maintaining the quality of base flow to rivefssignificant percentage of the
urban and rural developers depemdyooundwatesources for their daily need®larewajuet al,
1997).The study area is underlain by rocks of thesementcomplex. The complex is a
heterogeneous mixture of crystalline rocks which includes metasediments and granitic or
gneisgc rocks. The crystalline rocksunfractured or unweathered, are totally impermeable and
have no storage capacity. Therefore, theuaence of groundwater in the basememnplex
depends on secondary struelifeatures such as joints, fractures and weathered products.

Groundwater is precious natural resource: preserve it, protect it and do not pollute it.

1.1AIM AND OBJECTIVE SOF THE STUDY
The aim of this study is to investigate the hydrogeploart of Zaria, Sheet10ZariaNW. The
objectives of this studyinclude the following:
i) Prodution of adetailedhydrogeological map of the study arg@owing groundwater
table configuration for wet and dry seasonghe scale of 1:50,000.
i) Detail Petrographic description of the various rock types in the area.
iii) Determination ofmajor anions, cations and some heavy met@sstituents in the

water samples

1.2 SCOPE OF WORK
i) Measurements of static water level in hahd) wells and locating sampled wells on

the geological map.
) Water sampling and Measurementstefperature, pH, electrical conductivity and

total dissolved solids.



i) To determine the groundwater flowater levelswere measured in hand dug wells
for both the end of the wet season and the peak of the dry season. With the data,
watertablecontour maps @re drawn so as to determine the flow trend.
1.3 JUSTIFICATION
In the past, the geology of the study area was done on smaller scale 1: 100,000; therefore there is
need to have a closer examination. In effect, field mapping was carried out to delineate the
boundary various rock types and structures in the outcrops. In additfiio poncern about the
level of pollution in groundwater intended for human consumptight have greatly increased.
This necessitated for propémvestigation of the chemical qutgl of groundwater within the
rocks ofthecrystallinebasementomplex in the Zaria Sheet 102 NW
1.4 LOCATION AND ACCESSIBILITY
The study area is located on the Precambrian Basement Complex of Northern Nigeria within the
Guinea Savanna belt ame degreéheet 21 Zaria.lt is about 34 km NW of Zaria. The study
area lies between latitudes 11°15'00"N to 11°30'00"N and Longitude 7°30'00"E to 7°45'00"E. It
covers an area of about 748 km? (Fig 1.1).
Easy accessibility was provided by good roads netwqr&aally the Zaria Hunkuyii Kudan,
Dabat Danja Gosaki roads, river channels and footpaths that link the villages with the major
towns. The area of study can equally be accessed from Maraban Guga village about 10 km SW
from Zaria, with footpath and rér channels linking the villages with major towns. Except

during the peak of the wet season, most of the stream channels are passable.
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1.5RELIEF AND DRAINAGE

The Zaria area is part of the vast, gently dissected plain of northern Nigeria. This plain is largely
underlain by a thick soft overburden. The relief of the study area is generally flat to gently
undulating with tle altitude ranging from &b to 783 m above sea level ( 1950 ft to 2350 ft) (Fig

1.2). Blocky inselbergs and whalebacks are the most conspicuous feature of the area. These
belong to the general category of residual hills and are associated most commonly with
porphyritic granite. Te inselbergs are characteristically dome shaped as typified by the
Hunkunyi Hill rising to about 731 m above sea level.

The highest peak is the Tsaunin Tsangamawa Hill at the south western edge with elevation of
about 783 m above sea level. Moreover, the central and northeastern parts have low relief
characterized by valleys and gullies filled with alluvium terraces. ©itahd area has elevation

of 650 m above sea level.

The values above reveal a regional slope from the south to the north. Hence the northwards
flowing first order river Sabon Kogi, Rereya, and Tsangamawa drains the area. The drainage
pattern is mainly dedritic. However, rectilinear pattern are also observed in places. The

tributaries of the major rivers are seasonal; therefore, the study area is well drained.

1.6 CLIMATE

The studyarea lies within the subequatorial and guinea climatic regiowith distinct wet and

dry seasons. It has a short wet season (about six months). The wet season begins in April and
ends in October when it becomes intensely hot. The dry season in which there is no rainfall
occurs from October to March. The total meanwai rainfall in the study area is 1197.9 mm for

the period of 2002012 (Samaru Meteorological Observation Station, Dept of soil Science)
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March 2013, though there are consal#e variations from year to year. Rainfall reaches its
peak inmid August to early September (Fig 1.3)he meanannualtemperature attains a
maximum of 35°C in March and drops to its minimum valud28°C in January. The mean
daily maximum temperatarrises gradually from January and shows a major peak in April and a
minor one in October. The minimum temperature rises from its lowest value in December
January to its highest in JulyAugust (Samaru Meteorological Observation Station, Dept of soil

Science)

1.7VEGETATION

The natural region in which the study area is located is in the Guinea Savannah belt of Nigeria
and is characterized by open, gulimid broaeleaved savannah woodland vegetatiath short

to medium grassed.he vegetation on thethole has been greatly disturbed by poor land use
practice that includes overgrazing, tree felling for firewood, cultivation and bush burning which
is very common with the people in the dry season and has been considered hydrogeologically
disadvantageoudVith burning of the vegetation the ground is devoid of vegetation, which
should have retain water on the surface for percolation into thewtdre instead of ruoff

causing deepening of gullies. Some of the common woody tree species in the area includ
isoberlina doka, locust beafiParkia biglobosg, baobab Adansonia digitathand shear butter

tree {Vitallaria paradoxir).

1.8LANDUSE
Agriculture and animal husbandry are the main activities of the inhabitants of the project area.
Most of theland within the study area with the exception of built up areas is used for subsistence

rain fed farming. The land is cultivated for maize, yam, guinea corn, millet and sugar cane
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while local swamps are used for irrigated agriculture during the dry season, mostly for the
cultivation of tomatoes and other vegetables. Another form of land use in the study area is

livestock grazing. Land use can be developed by the way of private water supplies.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 PREVIOUS WORK ON THE STUDY AREA
Du-Preez and Barber, (1965) were the first to work on the distribution and chemical quality of
groundwater in northern Nigeria. ERreez (1961), also worked on the water supply for Ahmadu
Bello University. Work on the groundwater condition in Zaria was done by Olowu (1967).
Ososami (1968) also attempted a groundwater assessment in the Kubanni valley for the purpose
of water supply to the Ahmadu Bello University campus, where he made verynitidon of
the geological formation of the entire area he worked on.
Omolokun (1970) worked on the irrigation water demand from a small excavation in a dry river
bed, where he limits his study to only a small portion of the Kubanni drainage basin. His main
focus is, the yield of shallow well situated in a dry bed; the effective method of retaining banks
in such wells, and the suitability of the water and land for irrigation practices.
The first detailed account of the basement geology of the area of stidy of McCurry (1970)
and Wright and McCurry (1970). These authors studied various rock types in and around Zaria,
with little emphasis on the Quaternary deposit of the area. Akpoborie (1972) and Abaa (1973)
both worked on hydrogeological control o&thtructures along Samaru creeks.
Egbeifor (1978) worked on the evaluation of the hydrogeological properties of the Kubanni
basin. He also undertook some chemical analysis of water in Samaru in order to determine their
suitability for domestic, agricultar | and future industrial usages
diagram in order to establish the water types. His conclusion was based on chemical quality of
major ions. Ogunrombi (1979) did some studies on the quality of the Kubanni impounded

reseroir and he came out with the adasion that the water is potable. His conclusion however

10



IS not without some reservation. He reported iron content of 7.67 mg/l which was far exceed the
World Health Organization (WHO) guideline value for iron and eMggeria standard for
drinking water quality (NSDWAZ2005).Even the guideline of iron is also 0.3 mg/l and that in

the presence of oxygen, iron is precipitated which settles at the bottom; therefore such a high
concentration is suspicious. Adeyemi (1983) workadre geology and hydrogeology of Zaria.

He reported that the porphyriticoarse grained biotite granite consists of large phenocrysts of
pink feldspar embedded in a groundmass of medium to coarse grained quartz, feldspar and
micas. This rock was found tae locally abundant in his study area specifically in the south
eastern quadrant around Institute of Administration, Kongo and Zaria city. Outcrop of this
granite also abound Tukdmukur area in Zaria. Adeyemi (1983) also carried out chemical
analysis ofCl, Cu, Mn, NQ, KMnO,, HCO; and physical parameters such as pH and electrical
conductivity on groundwater from the area and reported that these were within the permissible
limits of World Health Organization (1973

Hilary (1984) worked on the qualityf dome well water in Samaru. His conclusion is that the
water is suitable for domestic use for his result showed Cd, Pb, As, Ni and Cu, to be below the
detection limit for the analytical technique he used, with Fe and Zn present, in smaller
concentrabn. The only reservation abotdr his result is the high Mg content of the water in the
range 3 to 22 mg/l which is very high, though it is still within the permissible limit.

Udohet d. (1986), in their work, tested the raw and the treated waters from Kuteservoir,

and reported that Hg, As and Cu were below the detection limit of the analytical method used
(that is Atomc Absorption Spectrometry (AASHowever, Pb content is high for the raw water
reading 0.5 mg/l if it was to be considered for WelO (1973) drinking water guideline used

(0.01mg/l).Therefore, he declaring that the water is potable.
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Dahiru (1989) investigated the concentration of some heavy metals absorbed by irrigation crops
using treated effluent water, with tap water as a control.referted that the sewage effluent
contains slightly more of Cd, Pb, Zn, and Mn than the tap water, so also the concentration of
Mn absorbed by the various parts of the test crops were significantly higher in the tap water than
the sewage effluent irriged crops. His final conclusion is that the concentration of the metal in
both the sewage effluent and the tap water are well below their permissible limit and may not be
toxic to the irrigated crops, animals and man that may consume the crops. He further
recommended that crops may not pose danger to their consumers or that the tap water is potable.
In as much as water with a Pb concentration of 70 ppb and 10 ppb of Cd cannot be potable
considering their guideline values of 10 ppb Pb and 2 ppb Cd (WHB),19is not potable.

Jeb (1996) collected water samples from threelmdins he demarcated within the Upper
Kubanni catchment area. After filtering the water samples in the field, he acidified thenxto pH

2. In the laboratory, samples were furtkggested using concentrated nitecid (HNG;) and

heating the same samples prior to analysis using AAS. His conclusion shows that out of the six
elements he analyzed, Pb occurs between 0.005 mg/l and 0.001 mg/l whVig),Gay and Zn

are above WHO (1%jJ permissible limit. However, the method used by Adeyemi of sampie pre
concentration is new to this author. Samples were initially filtered, it makes no sense to use
much of HNQ to digest suspended solids, since the essence of filtration is to remove suspended
sediment. Preoncentration can easily be achieved by simply heating the samples in an oven at
a low to moderate temperature. An alternative method is the use of chelgénts such as
ammonium pyroldine dithiocarbate (APDC).

Obamuwe, (1998) in his own work studied the trace elements content of the Kubanni impounded

reservoir where he analysed almost all of the transition elements, usiayg #uorescence
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technique.His result shows that with the exception of Cd, Pb and Sb, all other elements are
below the WHO permissible limit. He concluded was that the water is suitable for drinking and
domestic use. A critical look of his conclusion shows that Cd content in the @a9@¢ to 0.433
mg/l, Pb in the range 0.0969 to 0.0123 mg/l and Sb in the range of 0.656 to 0.307 mg/l is not at
all safe for drinking considering the toxic effects of these elements.
Udoh (1999) also tested the water of Kubanni reservoir in both itsarawtreated forms and
concluded that the water is suitable for domestic use. However on looking at his recalculated Pb
value (recalculated by the author) it shows a concentration range of 0.037 to b&dotiode
limit of the analyticaltechniqueemployed.Taking the 0.037 mg/l value, one cannot say that the
water is potable. (Garba 2000) investigated lead (Pb) concentration in the water of Kubanni
dam, Zaria. Garba collected Tweffour samples from three water bodies. These are:

i) The reservoir

i) A seasonastream that flows into the reservoir from Samaru and

iii) Samaru stream
At each of the sampling points a set of eight samples were collected and treated simultaneously.
Four samples out of each set were filtered and the remaining four were unfiltereds ddme
in order to determine the concentration of Pb in both dissolved and total forms. He also
investigated whether there was a contribution of this element from the rocks and soil of the study
area and nine samples of rock and soil were collected.ohtduded that:

i) the concentration of Pb in Kubanni drainage basin, in groundwater considered as

nonpolluted is at level of <0.014 ppm and <0.008 ppm which is comparable with

expectations of Pb concentration in Faolluted water less than 0.010 ppm
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i) Concentation of Pb in Kubanni reservoir which is the source of drinking water

for the Ahmadu Bello University Main Campus was found to be less than 0.024

and less than 0.011 ppm.
Garba (2008) also investigated the natural radioactivity of groundwater in thanfran
crystalline rocks of ZariaHe concluded that most of the groundwater in the study area (>99%)
has low groundwater radioactivitgif all the parameters measur&dom his findings, only few
results exceeded the WHO (2003) drinking water guidelalaevfor the gross alpha aftfRa.
He said for the gross alpha, three out of the four results are aligned iri B Wection, thus
forming an anomalous zone towards the eastern part of the area; the fourth well is located
separately from these three llse These two zones are located at lithological boundaries that
separate the gneiss from the porphyritic biotite granite. The enriclonéigh concentration of
these radionuclides in a groundwater hasn attributed geochemical processes operatitigein
aquifer and which later is distributed by normal groundwater flow. The gross alpha anomaly in
these two zones was interpreted to be due to the presence of uranium which, unlike radium, is
soluble in oxidizing water with low mineralization which is tyi of his study. Onoja (2011)
also investigated on the determination of natural radioactivity and committed effective dose
calculation in borehole water supply in Zaria. A total of fifty (50) borehole water samples were
collected for the analysis of radioclides and gross alpha/beta radioactivity concentration. The
results show that the minimum and maximum alpha and beta radioactivity concentration
observed was 0.0023 and 0.037 Bg/l and 579 and 5.28 Bg/l respectively. The geometric mean
for alpha and ke radioactivity measurements made was 0.1 and 0.3 Bq/l respectively. The
mean value of potassiuin40 (°K) concentrations was 0.416 Bg/l, uraniiin238 ¢**U) and

thorium i 232 ®*2Th) investigated in the sample gave average concentration of 0.0011 and

14



0.00006 Bqg/l respectively. The mean absorbed dose from intake of potas$iconcentration

are 1.12 uGy/a or betaparticle and 0.33 pGy/a for gamma radiation. Likewise, the absorbed dose
from uraniumi 238 €%%U) and thoriumi 232 @*2Th) concentratios were found to be 0.243
HGy/a and 0.011 pGy/a, for alpha particle, 0.013 uGy/a and 0.00042 pGy/a for beta particle,
0.010 pGy/a and 0.00056 uGy/a for gamma radiation respectively. Results show that the
committed effective dose for the different age groupsingestion were found to be less than
0.1m Sv/a and the average collected effective dose found to be 0.57i4 $&arert, 3.78 x 10

Mani Seivert and 1.26 x TOMani Seivert for potassiuri 40 (*°K), uraniumi 238 ¢3®U) and
thoriumi 232 ¢32Th) respectively.

Therefore it was concluded in the study that the quality of groundwater in most of the sampled
area in Zaria, met the recommendation of the W{2003) and United State Environmental

Protection Agency (USEPA) with respect to radioactivity lenglotable water.

2.2 REVIEW OF THE GEOLOGY OF THE BASEMENT COMPLEX

The basement complex of Nigeria is part of an Upper Proterozoic to Lower Phanerozoic mobile

belt situated between the West African and Congo Cratons.

Three lithological groups have been distinguished:

(i) A polymetamorphic gneissiigmatite complex with ages ranging from Liberian (2800
Ma) to PapAfrican (600 Ma). Metamorphism is generally in the amphibofiteses
grade. According to Rahaman (1988)e following three petrological units characterize
the migmatite complex:

a) A grey foliated biotite acid or biotite hornblende quartz feldspathic gneiss of tonalitic

to granodioritic composition which is now known as the grey gneiss or early gneiss.
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(ii)

(i)

b) Mafic to ultramafic components, which were present, often outcrop as discontinuous
boudinaged lenses or concordant sheet of amphibolites with minor amount of biotite
rich ultramafite. Except where it constitutes the paleosome to the migmatite, it is
present irgrossly subordinate amount in the grey gneiss.

c) The felsic component which is composed of a varied group of rocks consisting of
pegmatite, aplite, and quartdigoclase veins, fine grained granite gneiss, and
porphyritic granite.

The Schist belts ofolw-grade (mainly green schist facies) supracrustal (and minor

volcanic) assemblages, that occupy a gener& tending synformal troughs infolded

into the migmatitegneiss complex which are considered to be Late Proterozoic. Based on
structural and lhological associations Grant (19)&uggested that some of the schist
belts are of Kibaran (1160 200 Ma). But Ajibade et al, (B9) disagree with the
structural evidence and proposed a Pan African age for all the schist belts.

Syntectonic tdate tectonic Pan African granitoids thatrude both the schist belts and

the gneissnigmatite complex. The older granites are mh@st obvious manifestation of

the Pan African orogeny and they constitute about 40 to 50% of the basement complex

rocks They vary in composition from tonanite through graooites to granite and

syenite. Texturally they vary from strongly foliated gneiss varieties to underformed
rocks. Rahaman (1988) described the following petrographic types: magmatic granite
gneiss, eayl pegmatite, aplites and quartz veins. The Parncadr granitoids in Nigeria

are referred to as the older granites to distinguish them from Mesozoic anorogenic

granitering complexes (the younger granites).

16



2.3 REVIEW OF HYDROGEOLOGY OF THE STUDY AREA

2.3.1 General

The term hydrogeology is used in this context to mean the study of groundwater with particular
emphasis on its chemistry, mode of migration and relation to the geologic environment.
Groundwater is an important source of water supply in thddwas its uses in domestic;
industries and agriculture continue to increase. The works done so far done on groundwater in
the Zaria area include the groundwater condition in Zaria by Olowu (1967) and other researchers
from Department of Geology includingkpoborie (1972) and Abaa (1973) who worked on
hydrogeologic control of the #AStructures al or
laid emphasis on groundwater condition in the Kubanni valley (in Adeyemi, 1983).
2.3.2Groundwater

The origin of groudwater in this area is mainly meteoric. Generally, groundwater occurs in the
basement complex in the weathered and fractured zones. The presence of groundwater in any
given area therefore depends on whether sufficient thicknesses exist and the extent of
decomposed material is present to provide a reservoir or whether joints and fractures are present
in the fresh rocks.

The basement complex on which Zaria lies generally forms a poor source of groundwater. The
decomposed mantle is often too thin to harbogdaguantities of water. The joints system are

also too poorly developed to compensate for the inadequacy of the zone of weathering overlying
them (Du preez and Barber, 1965).

2.3.3Weathered Basement Aquifer

The weathered basement aquifer is the most itapbaquifer in the study area, other researchers

like Du Preez (1961), Du Preet al (1965), Olowu (1967), Ososami (1968), Abaa (1973) and
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Adeyemi (1983) have confirmed the above statement in their work around Zaria. The
groundwater in the Zaria regi@tcurs in the weathered basement rock and fractured zones. The
extent of weathering, fracturing and erosion is generally limited in the crystalline rocks. As a
result, groundwater occurrence is small.

The weathered profile rarely exceeds 50 m in thickregept in valleys and in areas where
faults and fractures have permitted the weathering activities to penetrate more freely (Adanu and

Schneider, 1988).

2.3.4Fractured Aquifers

Beneath the weathered zone is the fractured basement aquifiedeHlies bhe study areand is
regarded as source of groundwater becausisaodxtent. The permeability and storativity of the
groundwater system are dependent on the volume and extent of the joints and fractures in the
aquifer (Clark, 1985). Therefore groundwaitethe crystalline basement rocks occurs in fracture
system in unweathered rocks; these types of aquifers are generally restricted and hence have
limited groundwater resources. However, some fractured aquifers are highly prolific, especially
when these #&ctures are extensively interconnected with one another and linked to the surface
for recharge. According to DBreez and Barber (1965), fractures in the Crystalline Basement of
Northern Nigeria extend to a depth of not more than 90 m. Offodile (19%2y\aul that the
distance between fractures increases rapidly with depth. Hence, as the depth of a borehole
increases, the frequency of interception of fractures decreases. Furthermore, the processes of

chemical weathering are not likely to operate belogvdepth of 100 m.
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CHAPTER THREE

THE METH ODS OF INVESTIGATION

HYDROGEOLOGICAL STUDY OF THE AREA

The hydrogeological investigation of the study area was done in three stages, using various

related methods. These stages include the desk stiielie syork and laboratory studies.

3.1.1 The Desk Studies

The desk studies consist of the following activities:

i)

ii)

Collection and review of related literatures such as text books, bulletins, joamals
hydrogeochemistry andeglgy, hydrology and hydrogeology and topographical
maps. The topographical survey map of the study area was obtained from the
Department of Geography, Ahmadu Bello University, Zaria and was used as a base
map for this study.

Preparation of base map was ddme superimposing thgeological map on the
topographical map to obtain a single map to work with.

Collection of hydrogeological data from hydrogeological agencies, parastatals and
companies. These data are weather reports which were obtainethét@arological

data station, I.A.R Samaru, Ahmadu Bello University, Zaria.

Collation of the findings

Preparation and interpretatiofvarious maps

3.2 HELD WORK

The field work covered a period of one year. The field work condistedollowing activities:
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3.2.1Reconnaissance Geological Survey of the Study Area

Reconnaissancgeological srvey of thestudy aeawas doneat the peak of dry season (April).

This preliminary field visit to thestudy areavhich included site specific evaluation and getting
acquainted with the people of the area to have easy access to themmiefiseasurements of

their water levels.

Wet season activities included, measuring coordinates and elevation above mean sef level
identified wells, using the global positioning system (GPS) and locating them on the map. Water
level measurementinhanddugwells i ng a surveyoros tape.

3.2.2 Geological Mapping

Detailed geological mapping of the area was done on a scale of 1:23j0Q0appropriate and
suitable field instruments. This involved examining the rocks in their natural location and data
obtained were plotted on the field map. Extensive traverse, using many footpaths, dry channels
of rivers and streams and roads netwosgtemaken. Topographical map on the scale of 1:50,000
were used as base map for the exercise. Hammer was used to break some fresh rock samples
from the outcrops in the area for petrographic study andrdmate were measured using a
Global Positioning Sstem (GPS). These rock samples were well labeled using waterproof
markers and stored away into the sample bag for further investigation in the laboratory.
Structural features such as strikes and dips using a gealagimpass were measured while
geologicd boundaries were plotted and indicated on the map respectiMety hydrogeological
studies involved the location of wells and the measurements of depth to watertable in hand dug
wells were measured at thed of wet seasasindat the peak of dry seasonrihg the period of

20122013 hydrogeological year.
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Hand specimen study and thin section analysis were carried out in the laboratory. Furthermore,
from the topographical map, a geological map of the study area was produced in which various

lithological boundaries were delineated and a geological esession was produced.

3.23 Watertable Measurement

The depth to the water level is also called depth to groundwater level or the standing water level
(SWL). Water level measurement was done in hand dug wells from the ground surface, for both

the end of wet season and the peak of dry season using a sGrgeyot a p e . 't was don
reference point at the rim of the well and then lowering a weighted tape until its zero mark just
touched the surface of the well. The reference point heldsterminingthe point at which the

exact depth of the well batg. Thereafter, the depth to water level from the surface was read on

the tape with respect to the reference point. The depth to water level measurement was carried

out in eighty four (84) hand dug well in the study area, before every sampling eventneas do

Fig 1.1. (Table 1 Appendix B) shows the water level depth values.

3.3EVALUATION OF FIELD DATA HYDROGEOLOGICAL MAPS
3.3.1 Hydrogeological Maps
Groundvater table analysis is important to provide information on the behavior of groundwater
at different seasons of the year as well as its association with surface water. The catchment
groundwater conditions were analyzed by plotting the field groundwater data (Table 1 Appendix
B) on the base maps. Based on the groundwater data collected at tievendeason (August)
and at the peak of dry season (April), the following hydrogeological maps were prepared:

(i) Watertable contour maps.

(i) Map of the depth to water level, also called thickness of dry zone map.
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3.3.2 Watertable Contour Maps

Watertable cotour maps are those of the phreatic surfaces. They were prepared for the peak of
dry season and the peak of the wet seaJdwe maps were prepared by plotting the altitudes of
the water levels in hand dug wells and the altitude of points of intersedtimpagraphical
contour lines with streams on a topographical map. The altitudes of the water level measured in
hand dug wells were found thus: assuming a linear gradient, the altitude of the lo¢atamn

hand dug welivas calculated from topographicantours by interpolation. Then the altitude of

the water level in each of the well was calculated by deducting the measured water level below
the ground surface (depth to water level) from the altitude of the well locations. Lines were then

drawn to joinpoints of equal watertable elevation.

3.3.3 Map of Depth to Watertable Thickness of Dry Zone Map)

This map that shows the depth to water level from the ground suxasegrepared for dry
seasonlt was prepared by plotting values of measured watels from the ground surface on a
topographical map. Also, differences between points of intersection of groundwater contours and
topographical contours were plotted on the same topographical map. Lines were then drawn to
join points of equal values dliry zone thicknesses. The difference between points of intersection
of groundwater contours were obtained by superimposing groundwater contour map on
topographical map and then deducting the groundwater contour values from the topographical
contours .Theltickness of dry zone along river channels was taken to be zero on an assumption
that water still flows through them during the wet season but in dry season it is assumed that the

water level had dropped about one metre below the river bed.
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3.3.4 Water Sampling
Water sampling, being a crucial aspect of water analysis was given the adequate consideration it
deserves in order to avoid the contamination of the collected samples and also to preserve their
integrity prior to analysis. Therefore, in this work e necessary precautions were applied to
prevent any slightest change in the collected samples. The precautions taken include:

(1) Hand dug wells in constant use were sampled for fresh water coming from the aquifer

for their groundwater content.
(i) Purging mettod was used for borehole water sampling. This enabled the sampler to
collect a more representative sample of the actual aquifer condition.

A total of thirty (30) groundwater sampletsventysix (26) from hand dug wells antbur (4)
from boreholeswere cdlected from the study area. The samples were collected from different
residential places in the area in other to have a wider coverage of saniplieigty-six (26)
groundwater samples were taken from hand dug wells while four (4) were from boreholes. The
sampling exercise was carried out at thekpof dry season wdn the concentration of the sailis
water was high.
3.3.5Sample Collection
At each groundwater point, site data of samples such as pH, temperature and electrical
conductivity were measured arnetorded prior to collection. This was done because their values
might change significantly soon after collection. Total dissolved solids were measured in the
laboratory using EC/TDS/Temperature meter (Hanna Instrument), temperature and electrical
conducivity were measured in the field using EC/Temperature metetrengH was measured

using pocket pH metémnodel) .
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Other information recorded was the time, date, locations and depth of sampling. Each water
sample was collected by lowering a plastic cargrninto the well. The drawn up water was then

collected in a well labeled sample bottles which had been previously thoroughly washed and
vigorously rinsed two or more times with a portion of water being sampled. Two samples of one

liter each were collectefrom each well.

3.3.6Water Sample Preservation and Storage

Two separate samples were collected of each water point; one was for anionic determination
while the second was for cationic determination. The samples collected for cationic
determination weracidified with concentrated nitric acid (HNYXo a pH of less than 2. This is

done in order to reduce adsorption of ions from solution and the formation of bonds between the
container and the ions. The second samples were free of this treatment, Wed ssed for the
anions. The samples were preserved and the bottles were then firmly capped and loaded into
coolers containing ice blocks.

On returning from the field trip, the samples were stored at the base of deep freezer for
temperature reduction e dark. The darkness was to inhibit algae activities and the freezing

was to stop or at least reduce chemical reaction taking place.

3.4.0THE LABORATORY WORK

3.4.1 Analysis of water samples

Analysis of the collected water samples for their majation, anion and some heavy metal
components was carried out in the mulser Science Research Laboratory, Department of
Chemistry and at the Soil Science Laboratory Department of Soil Science both at the Ahmadu

Bello University, Zaria. The major ionsialyzed and the methods used in analyzing them are as
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follows; sodium (Na) and Potassium (K) were analyzed by flame photometry, calcium (Ca),
magnesium, (Mg), manganese (Mn), copper (Cu), lron (Fe), lead (Pb) and Zinc (Zn) were
determined by fast sequeati Atomic Absorption Spectrometry (AAS), varian product
AA240FS. Turbidimetric method was used to determine sulphatey) (86ing H18200
multiparameter Bench Photometer, chloride ion (Cl) was analyzed by the argentometric method
which is silver nitrate tiation using potassium chromate as indicator and
phenolphthalein/methyl orange, titrimetric method was used to analyze bicarbonateg),(HCO
Turbidimetric method was used to determine phosphate) (hg spectronics 20 photometer,
ammonia (NH) wasdetermined by steam distillation method and nitrate {jN@as determined

by chromotropic acid method using high range
The descriptionsprinciples and procedures of the methods used are presented in details in
(Appendix C) in accordance witthe procedures described by (APHA, 1971) and HACH
Chemical Company (1978).

3.5 Hydrochemical Facies

The facies of the groundwater samples analyzed were determined by plotting the concentration
of the major cations and anions on Piper diagram amd\Dplot using the aquachem V.4.0 soft
ware.

3.6 Assessment of Groundwater for Irrigation Purpose

This is done by using aqua chem. V 4.0 soft ware for calculating the salinity index and sodium

absorption ratio (SAR) using this method as expressteifollowing equation:

o

SARE (1)
B2+ + 0 2t
ARk

Where ionic concentrations of Na, Ca, Mg are in milliequivalents per litre.

25



The SAR was computed using the expression developee dyahe US salinity laboratory staff

(1954).
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CHAPTER FOUR
4.0 RESULTS
4.1 INTRODUCTION
The various field and laboratory acquired datee presented in thishapter The data were
assessed with respect to feology and hydrogeology of the stuahga and groundwater quality
usability in the area according to World Health Organization (WB@)1and Nigeria Standard
for Drinking Water Quality (NSDWQRO005 standards. he types of groundwater in the area
were determinedsing piper Trilineadiagramand Durov plot.
4.2 Geology of he Study Area
The area of study is underlain by rocks of the basement complex. The distribution of the various
rock types is as shown in the geological map of the area (Fig 4.1) and the geological cross
section (Fig.4.2). e rock units observed in the study area includigmatite schist,granitic
gneiss porphyritic biotite granitendcoarsegrained biotite granite and minor lithologies such as
microgranite guartz and pegmatite veins.
4.3 Groundwater Configuration and Aquifer Characteristics
4.3.1 End of Wet Season
The watertable map at the end of wet season (Fig 4.2) was based on the static water level in
handdug wells measured iugust 2012. The maximum water level elevation was 3.99m
(13.1ft) while the minimum wa8.09m (0. 3ft).
4.3.2 Peak of Dry Season
The watertable map at the peak of dry season (Fig 4.3) was based on the static water level in
handdug wells measured in March, 2012. The maximum water level elevation was 11.4m

(37.4ft) while the minimum was aboRt01m (6.6ft).
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FIGURE 4.1: Geological map of the study area with sampling points (below is cross section along linb)a
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Field data of groundwater elevation obtained in both wet and dry se@Sppendix B) was
consequently used to estimate the thickness of the dry zone (Fig 4.4)

4.3.3 Aquifer Characteristics

Due to paucity of data, only two borehole logs were obtained. Average borehole depth, static
water level and transmissivity of aquifers tihe area is about 33.5m, 6.4m and s@lay
respectivelyAverage specific capacity (storativity) i nf/ day(Table 4.1)

Table 4.1: Basic Borehole Information  (Source: Mev geology and Engineering
Consultances Servives)

S/no | Location Drilled Recovered | Pump Static Average | Total Specific Transmisivity
Depth Depth (m) | Setting Water Yield Drawdown | Capacity | (m/day)
(m) (m) Level (m) | (L/S) (m) (mP/day)
1. UngwaMalam 32 30 26 4.3 1 11.88 7.27 3.95
Mailaya (near Funtua)
2. Sahuwar Ungwa 35 33 29 8.41 1 6.77 12.76 5.86
(Danja)

4.4  Results of Groundwater Sample

The pH values of groundwater samples in the area range from 5.30 to 6.40 with a mean of 5.8.
Temperature of the groundwater varies between 23.9°C and 24.3°C with a mean of 23.3°C.
Specific electrical conductivity values of 5.4uS/cm to 491uS/cm with an average value of 155
puS/cm were also recorded. The corresponding values of the total dissolved solids (TDS)
measured in the laboratory range from11.08 mg/l to 311 mg/l with a mean of 55 mg/I.

Sodium (N&) occurs in concentration that range from 2.0 mg/l to 87. 0 mg/l with a mean of
18.45 mg/l.Potassium (K) is the next abundant cation to sodium with concentrations varying
from1.2 mg/l to 34 mg/l and an average concentration of 6.88 rRgllowing after is calcium

(C&) ion with concentrations varying from 0 mg/l to 154.21 mg/l with an average value of
12.57 mg/l. Magnesium (M§) is the next abundant cation to calcium in the groundwater
samples of the study are#ts concentrationsangefrom 0.77 mg/l to 13.2 mg/l with a mean of

6.43 mg/l.
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The concentrations of Iron vary from 0.01 mg/l to 1.51 mg/l with an average concentration of
0.56 mdl (Table 4.2.

Bicarbonate is the most dominant and abundant anion, having concentrations ranging from 0.5
mg/l to 3.5 mg/l with a mean of 1.58 mg/l. Sulphate, nitrate, chloride and phosphate ions have
concentrations ranging from 0.12 mg/l to 2.66 mgthva mean of 0.46 mg/l, zero mg/l to 35
mg/l with a mean of 8.26 mg/l/, 0.15 mg/l to 6.45 mg/l with a mean of 0.93 mg/l and 0.27 mg/I
t01.95 mg/l with an average of 0.45 mg/l respectivelynmonia concentrationranges from

0.007 to 0.035 mg/l with an aage of 0.02ng/l, the concentration of lead varies from zero to
0.035 mg/l with an average value of 0.0025 mdw, toncentration afopper ranges from 0.003

to 0.584mg/l with an average of 0.06 mgthe concentration of manganese ranges from 0.008 to
0.822 mg/l with an average of 0.09 mg/l and the concentration of zinc varies from zero to 5.016

mg/l with an average of 0.33 mgfigble 4.3.
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TABLE 4.2: Results of Groundwater Analysis

Dutsen Kura

Locations
Coordinate 11°24'46

2"N

007°39'16.0"E
Date of Sampling 25/3/2013

Types of Well Unlined Hand
Dug Well
Depth of 7.6
Sampling (m)
pH 6.4
TEMP (°C) 24.1
TDS(mgl/l 28.1
CONDUCTIVITY
(wem) 92.8
Na(Mg/l) 5
K(Mag/l) 24
Ca(mgl/l) 0
Mg(mg/l) 0.777
Cu(Mg/l) 0.026
Fe(Mg/l) 0.195
Mn(Mg/l) 0.195
Zn(Mg/l) 0.021
Pb(Mgll) 0.035
HCQ(Mg/l) 31
sQ(Mg/l) 0.362
Cl(Mg/l) 0.3
PQ(Mg/l) 0.312
NHs(Mg/l) 0.021
NOs;(mg/l) 0.5

Kafur L.G.A. UBE, Sani

Dabai

11°24'17.8"N  11°22'25.7"N

007°33'36.3"E  007°38'24.8"E

25/3/2013 25/3/2013

Unlined Borehole
HandDug
Well
15.9
59 59
24 24
42.6 80.4
62.2 88.7
9.1 4.1
5.4 25
1.175 1.24
0.767 6.031
0.047 0.041
0.556 1.394
0.062 0.013
0.051 0.039
0.005 0
1.2 1.2
0.242 0.121
0.75 0.35
0.468 0.39
0.014 0.0105
2.8 6

DabaiMosque

11°22'11.0"N
007°38'25.6"E

25/3/2013

Concrete
Lined Well

9.15

5.7
24
70.2

44.2

21
0.668
7.624
0.023

1.03
0.016
0.002

1.2
0.242
0.4
0.373
0.0105
0.6

Angwan
Wanzamai

11°27'09.5"N
007°38'12.8"E

27/3/2013

Borehole

5.8
241
59.5

91.7
4.6
25

1.173
6.593

0.05
0.429
0.022
0.096

13
0.242
0.4
0.468
0.0105
2.8

34

Maraba Kaya

11°28'33.8"N
007°38'54.7"E

28/3/2013

Unlined Hand
Dug Well

4.9

5.6
24.2
29.2

183
17
1.2
0.574
4,751
0.048
0.532
0.043
0.128

13
0.242
0.5
0.312
0.007
8.5

Ranging Danja Hayan Hasibiti

11°27'44.9"N
007°33'53.9"E

28/3/2013

Borehole

5.3
24.1
34.4

241
31

28
33.301
13.202
0.039
0.891
0.011
0.055

2.4
0.121
1.8
0.312
0.0105
9.1

11°22'50.1"N
007°33'20.7"E

29/3/2013

Concrete
Lined Well

7.85

5.8
24.1
27.8

84.9
8.4
4.3

1.336
5.465
0.021
0.488
0.016
0.036

2.4
0.302
0.25
0.273
0.007
15

Masalachi
Majedo

11°18'20.2"N
007°39'20.2"E

30/3/2013

Unlined Hand
Dug Well

6.53

5.7
24.3
37.1

137.5
7.1
2.2

2.558

6.904

0.059

1.093

0.033

0.239

0.026
0.9

0.302

0.65

0.897

0.014
7.3

Duzunrini

11°16'39.1"N
007°40'34.6"E

30/3/2013

Unlined Hand
Dug Well

6.7

5.8
24.2
39.3

136.7
5.6
6.6

2.485

6.851

0.109

0.756

0.136

0.042

1.3
0.302
0.6
0.429
0.0105
3.3



TABLE 4.2: Results of Groundwater Analysis Continued

Dandoko Barmo Kwari  DanmaiGuta Chediya Dan Gusau Furgu Village  Kawo Allah Gangari Angwan Gyara Huguma
Locations Massalachi Village
Coordinate 11°16'48.1"N 11°20'18.7"N  11°20'24.6"N  11°22'47.6"N  11°24'12.6"N  11°25'20.0"N  11°27'22.0"N  11°23'35.4"N  11°27'56.7"N  11°27'46.5"N

007°44'22.2"E  007°42'53.3"E 007°40'44.7"E 007°43'54.1"E 007°42'57.6"E 007°42'44.0"E 007°42'41.7"E 007°35'21.3"E 007°34'24.4"E 007°31'50.6"E
Date of Sampling 1/4/2013 1/4/2013 1/4/2013 4/4/2013 4/4/2013  4/42013 6/4/2013 6/4/2013 8/4/2013 8/4/2013
Types of Well UnlinedHand Unlined Unlined Hand  Unlined Hand  Unlined Hand Unlined Hand  Concrete Unlined Hand  Unlined Hand  Unlined Hand

Dug Well HandDug Dug Well Dug Well Dug Well Dug Well Lined Well Dug Well Dug Well Dug Well

Well
Depth of 4.25 2.43 9.7 7 9.2 80 4.5 9.22 6 9
Sampling
pH 5.8 55 5.4 6 5.8 5.8 5.6 5.8 6 5.9
TEMP (°C) 24.1 24 24 24.1 24.1 24.1 24.1 24.1 24 24
TDS(mgl/l 28.1 47 24.6 30 22.3 11.08 37.1 12.9 31.2 46.1
CONDUCTIVITY
(Wem)
120.1 75 30.6 181 148.5 443 491 183 193.5 26.4

Na(Mg/l) 25 3.9 19 9.4 25 27 87 48 30 9.2
K(Mg/l) 3.2 2.6 3.7 2.7 25 2.1 6.6 4.4 18 55
Ca(mgl/l) 0 7.404 0.093 3.558 10.515 15.177 39.168 3.251 1.682 2.564
Mg(mg/l) 4,551 6.484 4.687 7.341 4,976 7.002 10.054 7.38 5.116 3.25
Cu(Mg/l) 0.584 0.096 0.012 0.02 0.228 0.096 0.02 0.043 0.023 0.021
Fe(Mgl/l) 0.284 0.555 0.602 151 1.26 0.438 0.848 0.272 0.498 0.282
Mn(Mg/l) 0.011 0.013 0.015 0.014 0.008 0.015 0.022 0.013 0.012 0.011
Zn(Mgl/l) 0.039 0.023 0.016 0.029 0.547 0.115 0.762 0.327 0.658 0.137
Pb(Mg/l) 0 0.005 0 0 0 0 0 0 0 0
HCQ(Mg/l) 15 1.9 15 1.8 25 3 3.5 2.3 1.1 1
SQ(Mg/l) 0.242 0.362 0.362 0.483 0.302 0.362 2.656 0.302 0.423 0.364
Cl(Mgl/l) 0.5 0.15 0.4 0.45 0.4 0.85 6.45 2.35 0.85 0.5
PQ(Mg/l) 0.351 0.312 0.312 0.273 0.663 0.312 0.39 0.351 0.312 0.351
NHy(Mg/l) 0.0175 0.0245 0.0245 0.0171 0.0175 0.0175 0.014 0.014 0.014 0.021
NG;(mg/l) 3.4 2.1 1.3 8.5 13.6 12.3 35 7.5 4.5 15
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TABLE 4.2: Results of Groundwater Analysis Continued

Huguma Hayan Tashan Guga Dan
Mahawayi

11°18'31.5"N
007°34'31.0"E

9/4/2013

Locations Stami
Coordinate 11°26'01.7"N
007°30'50.2"E
Date of Sampling 8/4/2013
Types of Well Unlined Hand
Dug Well
Depth of 5.7
Sampling (m)
pH 5.7
TEMP (°C) 23.9
TDS(mgl/l 78.5
CONDUCTIVITY
(us/cm) 169.9
Na(Mg/l) 16
K(Mag/l) 8.5
Ca(mag/l) 3.448
Mg(mg/l) 7.605
Cu(Mg/)) 0.05
Fe(Mg/l) 0.329
Mn(Mg/l) 0.097
Zn(Mg/l) 0.622
Pb(Mg/l) 0
HCQ(Mg/l) 0.9
sQ(Mg/l) 0.302
Cl(Mg/l) 0.65
PQ(Mg/l) 0.546
NHs(Mg/l) 0.014
NOs;(mg/l) 5.8

11°15'05.1"N

007°33'04.8"E
9/4/2013

Unlined
HandDug

Well

7.9

241
90.4

44.5
14
9.6
1.308
4.484
0.065
0.771
0.176
0.554

0.423
0.8
0.39
0.0105
2.7

Concrete
Lined Well

8.4

53
24
12.79

5.4
6.4
3.3
0.608
4.403
0.085
0.263
0.014

0.9
0.242
0.8
0.312
0.035

Angwan
Duhula

11°19'50.4"N
007°34'14.3"E

9/4/2013

Unlined Hand
Dug Well

8.5

55
241
16.4

164
3.9
3.2

6.596
0.012
0.217
0.822
0.147

0.5
0.302
0.65
0.351
0.0315
2.4

Baraye

11°21'09.5"N
007°30'08.5"E

10/4/2013

Unlined Hand
Dug Well

5.1

5.9
24.1
16.4

59.4
6.9
25

0.61

7.588
0.019
0.333
0.345
0.021

0.362
0.4
0.429
0.0175
13

36

Madubi
Massalachi

11°15'36.8"N
007°35'40.6"E

10/4/2013

Concrete
Lined Well

7.1

5.6
24
23.1

171

18
15.067
5.659
0.022
0.444
0.017

1.8
0.302
0.4
0.39
0.0175
4.1

Pankau

11°19'50.9"N
007°19'50.9"E

11/4/2013

Unlined Hand
Dug Well

5.7

5.7
24
71.7

110.3
20

8.2
22.313
11.523
0.005
0.273
0.013

0.9
0.302
0.3
0.429
0.007
11.3

Kudan Bayan

11°18'10.1"N
007°44'18.4"E

11/4/2013

Unlined Hand
Dug Well

55

5.7
23.9
262

151.6
47
34

4.355

7.754

0.004

0.253

0.534

0.9
1.57
15
0.39
0.007
35

Gwandari

11°20'34.9"N
007°41'26.5"E

11/4/2013

Unlined Hand
Dug Well

8.54

5.7
24
30.8

284
6.4
1.9

47.22
5.496
0.003
0.012
0.012
0.043

0.422

0.39

0.0105
211

Hunkuyi

11°16'20.0"N
007°39'20.0"E

11/4/2013

Unlined Hand
Dug Well

6.4
24
311

423
72

25
154.21
11.833
0.013
0.013
0.013
5.016

2.1
1.208
2.55
1.95
0.0105
32.1



CHAPTER FIVE
5.0 DISCUSSIONS
5.1 GEOLOGY AND STRUCTURES OF THE STUDY AREA
The study area (Sheet 102 Zaria NW) is located in north central and Nigeria is underlain by
rocks of the basement complekhe distribution of the various rock types is as shown in the
geological map of the area (Fig 4.1). The rock units observed inttitly srea include
migmatite schist,graniticgneiss porphyritic biotite graniteand coarsegrained biotite granite
and minor lithologies such as microgranite, quartz and pegmatite veins.
5.1.1Migmatites
This shows granoblastic texture and foliationiethis characterized by light and dark bands with
characteristic flow structures in the rock mapped in the study area. Visible minerals in the hand
specimen include quartz, biotite and plagioclase. Migmatite was on the extreme end of
northwestern part ohe study area around Ungwan Waziri (Fig 4.1). Sharp contact between the
granitic gneiss and migmatite was observed in places.
5.1.2Schists
Undifferentiated schist, gneiss and fine grained flaky quartzite occur at the North Western part of
the study aredrlaky minerals mostly muscovite and biotite with small interstitial quartz grains

could be observed in the field. The quartzites mostly occur as ridges trendiSgVNElate 1).
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Plate I: An Exposure of Schist at Huguma. Location: 128" 1( h007°32°06&- 9

5.1.3 Granitic Gneisses

This lightcoloured, usually greyish rock is generally poorly exposed without crop the more
resistant to weathering type occurring as low whale backs and ridges. It varies in texture from
medium, equigranular to coarperphyroblastic (Plate Il). The rock is composed of feldspars,
guartz, and biotite with foliation defined by biotite flakes. Feldspar is the most abundant mineral.
The rock composes of small porphyroblasts in the ground mass up to 5 cm or more can be seen
in some samples of the granitic gneisses. Xenoliths are common and in some cases solution
cavities occur along joints.

In hand specimens, the rock is light to dark grey. The rock carries small porphyroblasts in the

ground mass. Major minerals presentfatdspars, biotite and quartz. Orthoclase feldspars seem
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to be abundant than the other minerals. The more weathered samples showed the presence of

muscovite.

Plate II: Porphyroblast of Pinkish Feldspars within the Granitic Gneiss at Tsangamawa.
Location: 11°19" 15.6N, 00733'22.% 9

In thin section, the rock is fine to medium grained. It is composed of orthoclase and microcline,
anhedral fractured quartz and relict biotite. Biotite displayed lepidoblastic foliation pattern,
perfect cleavage wittmoderate to high relief and brown colouration (Plate 1ll). The biotite
altered to chlorite with traces of faint green around the grain edges. The biotite is brittle and
when tensilestress is applied the biotite was folded. Biotite is pleochroic from deksito
brownish green. Microcline exhibits cross arch twinning. There seem to be an equal proportion

of biotite and microcline in the granitic gneisses
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Plate Ill: Photomicrograph showing lepidoblastic texture in granitic gneiss in XPL and
PPL respectively.

It consists of quartz (20%), microcline (30%), plagioclase (15%), biotite (30%) and (5%)
accessories mineral.

5.1.4 Porphyritic Biotite Granite

This forms the most prominent topographic features in the study area (Fig.4.1). It covers the
entire eastern half of the study area. It forms groups of inselbergs which areskiapmeel and
lensoid bodies generally trending 3 (Plate V). The porphyritibiotite granite is greyish in

colour and consists of large phenocrysts of orthoclase and plagioclase feldspars, measuring
between 5 and 7 cm along the long axis (Plate V). The porphyritic biotite granite is found in the
eastern part of the study area (Fidl). Joints are prominent features and strike in a NS and NS
EW principal direction. Pegmatite, microgranite, and xenoliths are also present. In hand
specimen, it is compose of feldspar, quartz and biotite. Feldspar is the most abundant of these

major mnerals. Large phenocrysts of feldspar are set in the matrix.
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Plate IV: A North- South trending Lensoidal outcrop of Porphyritic Biotite Granite at
Furgu Katsina. Location: 11°25°01.% h00742°13.% 9
In thin-section (Plate VI) the rock is composed feldspars (microcline, orthoclase and
plagioclase), quartz and biotite as major mineral constituents. Feldspar is the most abundant and
is colourless but cloudy, in cross polarized light (xpl); microcline is grey and exhibit tartan
twinning pattern. Th plagioclase displayed polysynthetic twinning after albite law while
orthoclase also display twinning after Carlsbad |Quartz is fractured and displays a wavy
extinction. In plain polarized light (ppl); it is colourless with low relief. Quartz is ewahedhile
the feldspars (microcline, plagioclase and orthoclase) are euhedral to subhéuina. Biotite
flakes arebrown and greerin colour having pleochroic haloes in some places, ahdwing
evidence ofleformation and alteration in othelaces.The porphyritic biotite granite consists of
microcline (40%), quartz (30%), biotite (15%) and kaolinite with opaque and owague

minerals (15%).
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Plate V: Phenocryst of Pinkish Feldspar in Porphyritic Biotite Granite at Dan
Gusua.Location:1124"12.&- h007°42'57.6 9

>

Plate VI: Photomicrograph of CoarsePorhyritic Biotite Granite in XPL and PPL
respectively showing the inter locking of the grains

42



5.1.5Coarse Grained Biotite Granite

The coarse grained biotite granite was observed along river channels; around Tudunwada there
exist a sharp contact between coarse grained biotite granite and porphyritic biotite granite (Plate
VII). At Dan Gusau and Furgu Kastina, these outcrops weresakso. The rock is dark to light

grey and is coarse grained in texture. Some of coarse grained outcrops carry feldspar phenocrysts
and quartz veins. Weak foliation with-8l trend is characteristic of this rock. Joints are
prominent and strike in the-8 andE-W directions at Hunkuyi Hill (Plate VIII). The rock is
composing of orthoclase and plagioclase feldspars, quartz and biotite as the major minerals.
Outcrops at Tsangamawa have been intruded by a few pegmatite, quartz and microgranite veins.
The pegmatés are composed of megacrysts of feldspars with some quartz and less biotite. In the
hand specimen, the granite is compose of feldspar, quartz and biotite. Somiesizethll

phenocrysts of feldspar are set in a finer matrix of quartz, feldspar and biotite.

Plate VII: Photograph showing a sharp contact between coarse grained biotite
granite and porphyritic biotite granite defined by red line at Hunkuyi
Hill. Location: 11°17°35.3N, 0074132.63- 9
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Plate VIII: N -S trending strike direction and almost horizontal dipping j oints in the coarse
grained biotite granite. Locality: Hunkuyi Hill. Location: 11 °17°00.&N,
00c nMOHp ®T 39

5.2 Minor Lithologies

5.2.1 Quartz and Pegmatite Veins

Theseare more resistancthan the granitigneissesCrosscutting sheet and irregular masses of
guartz and pegmatite veins are wide spréday are found in almost all the outcrops in the
study area, and vary in size from infilling of irregular fractures; to massive veins generally
parallel to the NS foliation strike direction. Thanost prominent mineralsr@a quartz and
feldspars, (Plate IX A) ibtite, muscovite and garnet aedso commonPegmatite veins are
generally not more than 10 cm across and coarse grained in width texhedsldepar content

of the pegmatite is microclin@jbite and oligoclase (Plate IX B).
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Plate IX: Quartz (A) and Pegmatite (B) veins in an Outcrop of Granitic Gneiss at
Tsangamawa.Location:1119°15.6- h007°33"22.9E

5.2.2Microgranite : It usually occurs whin the maingranitic bodyas late intrusions possibly
infilling tensional crackgPlate X). It isfine grained granite. Figure 5.1 shows strikes of joints in
microgranite as shown ihable 5.1. The quartz veins occur as small veins and veinlets and are
almostexclusively composed of quartz. They range in thickness from less than a centimeter to

about ten centimeters and occasionally caging the pegmatites.

Plate X: A Microgranitic dyke within coarse grained biotite granite defined by red line at
Dabai. Location: 11°24°26.@- h 007°39°27.6 9
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5.2.3Xendlith
This is accidental inclusion into the porphyritic biotite granite at-Basau . This confirms the

granite is relatively younger than country rock in the area (Plate XI).

Plate XI: Dark coloured xenolith in porphyritic biotite granite at Dan Gusua.
Location: 11°24'12.6b > nnTcnHOpPpT ®c 39

5.3 STRUCTURES
Regional NS structural trend is prominent in the study area and it represents the final inprint of
the ParAfrican Orogeny which affected much of Werica (Grant, 1969). Generally, all the
rock types are fractured. The structures present in the outcrop found in the study area are
fractures mainly joints and faults. These structures affect the permealiilitye crystalline
rocks. FPominent joint ses are common over the whole aredth fractures ruming
approximately NS and NW SE (mainly), and NE SW (slightly). This structural trend has also
been noted by Odeet al., (2015). They joints are frequently filled with quat to form quartz
veins inthe prphyritic biotite granite (Figs 5.1 and 5.80me of these joints are open while
others are in filled with quartz and feldspar, forming veins and pegmatites. Some of the open

ones are weathered and sustain light vegetation or water courses.
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Faultswith strike trendsanging from12C° to 132 are frequent@O0° to 055°, less frequent).

They showsinistral displacemernthough slight éxtraldisplacement waalso notedPlate XII A

and B. Joint system is among the structures which contribute immensely to underground
storage. The Precambrian complex rock which underlies the weathered basement is impervious,
but the numerous joints which formed channels have helped in the rechargingagtitfee in

the study area. Also weathering has proceeded along joint planes in porphyritic biotite granite
leaving open gap in the outcrop thus loosening up minerals that make up the rocks. Some of the

joints direction recorded in the field is shown iables 5.1 and 5.2.

Plate XII: A) Sinistral strike slip fault in granitic gneiss. B) dextral strike slip fault in
porphyritic biotite granite
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Table 5.1: Strike of Joint in Microgranite

56° 310
120 332
138 305
150 360
122 297
42 290
130 350
140 352

Table 5.2: Strike of Joint in Porphyritic Biotite Granite

0021° 350
002 352
006’ 358
040 358
040 360
050 360
052 360
052 360
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Figure 5.2: Rose diagram of trends of joints in porphyritic biotite granite
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54 HYDROGEOLOGY

In order to have good knowledge of the hydrogeological charactergdtibsth surface and
groundwater in the study area, one has to study the factors which infilhemoeccurrence such

as rainfall, vegetation and the rate of evaporation. The first two factors have been mentioned in
chapter one, but the mode of movement of groundwater as influenced by these factors will be
discussed briefly in this section. Rainfellthe source of both surface and groundwater. Rain on
falling to the ground surface flows either as surface runoff into streams and rivers, as infiltrations
into the ground to join the stream, while part of it is stored in the ground as groundwatef. Part

it also remains as soil moisture. A large portion of precipitation is returned again to the
atmosphere by evapotranspiration.

During the dry seasonthe vegetation of Zaria reduces groundwater depletion and
hydrogeological advantage, and also in the sestsons when the vegetation is denser, but not
enough to stop runoff and evaporation. Evaporation is a very important factor in groundwater
study, in Zaria region, the dry season temperature is so high resulting in very high rate of
evaporation. Also, theorth-east trade wind from the Sahara desert causes relative increase in the
total evaporation. During the wet season evaporation rate could be as Bigb&snm per day
(Meterological data station Samaru, 2012). Furthermore, hydrogeological settingaodéaa is
generally controlled by factors such as geology, climate and structural features. This is due to the
facts that geological formations underlying an area and the associated structures do determine the
type of aquifers to be encountered while cliendetermines the amount and rate of recharge of

the aquifer (Todd, 1980)
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5.41 Groundwater Occurrencein the study area

The study area is underlain tye Nigerian Basement Complex. This complex is a heterogenous
mixture of crystalline rocks such @sarse grained biotite granite, porphyritic biotite granites,
graniticgneisses, migmatites and schists. Groundwater occurs throughout the high storage, low
permeable regolith and the low storage, high permeable bedrock. Crystalline rocks generally
have mrosity less than 3% (Bouwer, 1978). These rocks are overlain by the overburden deposit
except in a few places where they are exposed as platforms, whaleback etc. As such rocks of the
basement complex, when not weathered are practically impermeable amdndastorage
capacity. However, appreciable porosity and permeability might have been developed in the
rocks through fracturing and weathering processes (Detvial, 1966), depending on the
lithology and texture of the original rock. Offodile (1983pnes (1985) and Egboka (1988)
described the basement rock units to be more productive at the base of the weathered zone where
the rocks have been broken down to sand size and larger fragments that are not subjected to

extensive weathering process i.e. sapk zone. Two types of aquifers were identified in the

study area.
i) Overburden aquifer
i) The weathered/fractured aquifer

5.4.1.1 OverburdenAquifer

This type of aquifer is predominantly tapped or exploited through-Hagdwells in areas where

the overburden is sufficiently thick to contain water until the end of the dry season. Its thickness
enhances the sustainability of hashag wells. If thicknes is low, then this type of aquifer in

most instances dries up at the beginning or at the peak of dry season. In areas of thin overburden

aquifer very few of these wells survive up to the beginning of the wet season. This aquifer is
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also interconnectedith the weathered/fracture aquifer in boreholes. Deep-tagdwell in the

study area, indicating thick owburden aquifer, were observed in the SWgradient of the study
area and these provide water at all seasons. Very thick overburden in the studynarezally
associated with the metamorphic rocks, while thin overburden characterized by poor
groundwater conditions was observed on the granites terrains.

5.4.1.2Weathered/Fractured Aquifer

The weathered/fractured aquifer is structurally controlled wmtkrlies the overburden aquifer.

This aquifer is composed of fresh, brittle, medium to coarse grained crystalline rocks that have
reacted to tectonic stresses to cause fracturing and jointing. The interconnectivity between the
overburden aquifer and éhweathered/fractured aquifer contributes to the rate of recharge and
yield of the weathered/fractured aquifer. The main source of groundwater from the study area is
weathered zone/fractured aquif@rransmissivity of aquifers in the study area fall witthe low
potential clas®f Krasny (1993) which ranges frol10nf/day. Such range is usually requisite

for small local supply with limited consumption.

5.5 Evaluation of Groundwater Table Configuration Maps

Groundvater table configuration maps were prepared for both the end of wet season (August)
and the peak of dry season (April). Figures 3.1 and 3.2 show the configuration, their
corresponding groundwater flow directions as well as crystalline outcrops in the Brem

evaluation of the maps, the following important information was deduced:

5.5.1 Map ofConfiguration of Watertable
The watertable contours in the study area have been drawn at 50 m interval for both seasons and
the contours are to a large extemtry similar to the ground surface except where they are

interrupted by the crystalline outcrops. They are controlled by the relief of the area because the
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watertable is higher under hills than the adjacent valley areas. The shape of the watertable
contaurs is identical in both seasons. The groundwater occurs at 680 m above sea level (2250 ft).
5.5.2 Direction of Groundwater Flow

Direction of groundwater flow is also known as direction of groundwater movement which is
indicated in the map of the studsea by the arrows drawn perpendicular to the groundwatertable
contours (equipotential lines). Groundwater in the study area flows from the higher groundwater
elevation contour to lower groundwater elevation contour and the flow is largely towards NE

diredion.

5.5.3 Recharge Pattern in the Study Area

Fluctuations in groundwater level are caused by changes in groundwater storage capacity and
due to other influences such as aquifer deformation, changes in atmospheric pressure and
disturbances within the wig]lwWartena, 1962). These changes are the net result of the prevailing
recharge and discharge pattern. Rising water levels in the study area indicates the periods when
recharge is exceeding the discharge. Natural groundwater recharge in the studyfranea is
seasonal rainfall which infiltrate through the unsaturated zone into the saturated zone as well as
from influent streams. Adanu (1991) used environmental isotope method to show that a large
amount of recharge takes place during a period of heavyhaififie general rise in groundwater

levels during the wet season also attests to this. The recharge is easily identified mostly during

wet season when water levels in hahay wells rose.

5.5.4Discharge Rattern in the Study Area
Declining water levelsn the study area indicate periods when discharge is exceeding recharge.

This occurs during dry season when water levels receded than during the wet season by 2 m
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below the ground surface. In an aquifer, discharge can be natural or artificial. Nathatghs

is a discharge through streams, springs and evaporation where groundwater table is at or close to
the surface. Artificially occurring discharge is by pumping or withdrawal through-thagd

wells and boreholes. Hence, the discharge in the studysabe#h natural (from effluent stream),
artificial pumping through wells and boreholes) and moshefstreams are seasonal (Figure 4.2

andFig 4.3.

5.6 GROUNDWATER QUALITY

5.6.1 Groundwater Chemistry Sheet 102ZZaria NW

Geology of an area imposes themistry on groundwater of that area, thereby forcing it to
acquire a prevalent chemical character that determines its quality utilization. Solutions of
substances take place in the course of percolation through the rocks where it acquires certain
salinity. The physical, chemical and biological composition of groundwater is an important
consideration if the water is intended to be used for domestic, agriculture, industrial or other
purposes.

The geochemical properties determined are total dissolved 4dlldS) and the principal
inorganic chemicals which occur in groundwater are the cations namely calciui¥), (Ca
magnesium (M§), sodium (N&, potassium (R and anions such as sulphate {50
bicarbonate (HC®) chloride (CI), nitrate (NQ'), phosphatéPQ,%), ammonia (NH") and some

heavy metals such as lead {Pbcopper (Cf"), manganese (M, iron (Fé") and zinc (ZA".

Excess of some of these elements indicate enrichment/mineralization or pollution. The study of
groundwater chemistry aldmelps in determining the geological history of the enclosing rocks,

the velocity and direction of water movement.
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The principal physical properties and inorganic chemicals found in the groundwater of the Zaria
Sheet 102 NW will now be examined on the badisheir possible origin and how they affect

usage in domestic purposes and industrial use.

5.6.2 Physical Propertiesof Water

5.6.2.1 Temperature

Cool water is generally more palatable than warm water, and temperature will impact on the
acceptability of a number of other inorganic constituents, its physical and chemical
characteristics that may affect quality of the water found at the source. Hightemperature
enhances the growth of miemyganisms and may increase taste, odour, colour and corrosion
problems. Theéemperature range of sampled water in the study(@&&C to 24.8C) is higher

than the permissible range of°Csto 22C for refreding potable wateiThe temperature of the
groundwater in the study area is high than the possible unit of Bthi@lard Table 4.2 5.3)

The water in the study area mibst allowed to cool down to normal temperature. If it is going to

be use for drinking while for cooking and other domestic use, it can be used directly. These
temperature variations are probably caused by seasonal changes as data are from shallow

groundwaer
5.6.2.2 Colour

The water samples were colourless and clear to the unaided eye thougrasirement was

carried out to determine the unit value of the colour.
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5.62.3 pH

Hydrogen ion exponent wasvgn a concise descriptidhat the pH reflects edirium and non
equilibrium relations between solute present in the wabeoundwater pH is a fumanental
property that influencethe acidity and alkalinity and largely controls the amount and chemical
form of many organic and inorganic substances Hisdoin groundvater Grourdwater in the

study area is slight acidic with all the water samples having pH values ranging from .30
6.40 with an average of 5.80 (Tables 4.1, 5.8Bhis is slightly lower than the World Health
OrganizatiofWHO) (2011) ad Nigeria Standard for Drinking Water Quality (NSDWQ) (2005)
recommended minimum for pkange of 6.5 to 8.5The effect of acidic water is that the water
can have sour taste. The primary way to treat low pH water is with the use of neutralizer. A
typical neutralizing chemical is soda ash (Sodium carbonate). Most groundwater has pH values
between 6.0 and 8.0 (Davis and De Wiest 1966). The low pH may be attributed to solution of
carbon dioxide (C¢) dissolved from the atmosphere and fromdbandant decaygvegetation

in the soil zone (Morgan and Winner 1962).

5.6.2.4Electrical Conductivity

A measure of electrical cdoctivity of groundwaters an expression of its total dissolved sslid
which includes all solid materials in solution, whether Zedi or no. It is measured in ygm. It

does not include suspended sediment, colloids, or dissolved gases. The value of electrical
conductivity of the water samples tie study area ranges from 5.4 to 423 uS/cm with an
average 155 uS/cm. This is lower than the N8D (2005) recommended level of 1000 uS/cm.

Hence, the study area has low conductivity.
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5.7 Chemical Properties

5.7.1Total Dissolved Solids (TDS)

The value of TDS of groundwateamples are very low and vainpm 311 mg/Ilto 11.08 mg/I

with an averageof 55.07 mg/l. According to Chilton and SmitEarington (1984), this low
mineralization indicates that the weathered zone has been highly leached of soluble minerals and
/or groundwater is likely derived from relatively recent recharge. Hence, with théeel@vof
mineralization as indicated by low TDS of less than 1000 mg/l, the groundwater from the study

area is fresh using the classification scheme of Davis and De Wiest (T96&) 4.3.

5.7.2 Sodium

The concentration of sodium ions radgeom 2 to87 mg/lwith an average of 184ng/l. These
values arehigher thanthe WHO (2011) recommended level amdthin NSDWQ (2005)
permissible level(Table 5.3). The high concentration of sodium ions in waterajgable of
causing foaming of the water in the pnese of suspended matter (Todd, 198®)ence, it is
geogenic in natureThis ion could have been released into the groundwater from the soluble
products ofweathered orthoclase feldsp&ome part ofodiumcould have been derived from

dust washed down byin.

5.7.3Potassium

The concentration of potassium ions range from 1.2 to 34 mg/l with an average of 6.88 mg/I
(Table 4.2. Potassium in the groundwater could have derived their origin possibly from the
products of weathered orthoclase, microcline amdite (geogenic) Others could have been

from rain water andeaching of fertilizerganthropogenic)
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5.7.4Calcium

The concentration of calcium iomange from 0 to47.22mg/l with an average of 12.5ng/I
exceptone sample that had a concentration of 154081 (sample nuimer 30) having its value
higher than the recommended lewél100 mg/l (WHO, 2011). Two of the thirtysamplegested

do not contairthis ion (Table 4.2. Most of these calcium ions could podgihave been derived
from weathering products arthoclasefeldspars and mafic minerals. Others could have been
from rain water andeachedrom fertilizers

5.7.5 Magnesium

The concentration afhagnesiunrange from 0.76 to 13.20 mg/l with an average®#2 mg/I.

The concentration of magnesiuan (Tables 4.1, 5.3) is within the WHO (2Q0I*ecommended
concentration levels for drinking watévlagnesiumis probably derived from mafic minerals
present in the rocks. Magnesiumay combine with sulphater carbonate to form thick solid
scales in boilers and in other heaichange equipment especially when such water is evaporated
from boilers.

5.7.6Sulphate

The concentrabin of sulphate ranges from 0.12 2066 mg/l with an average of 0.46 mg/I
Sulphaé occurred in minomguantity in the study ase due to the geologyMost sulphate
concentration in groundwater occur from sedimentary rocks derived from beds of gypsum,
sodium sulphate deposits and some type of shale which were not present in the study area
5.7.7 Bicarbonate

The concentration of bicarbonate is very low and the range is from 0.5 to 3.5 mg/l with an

average of 1.58 mg/l. Most of these bicarbonate ions could have been derived from the carbon
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dioxide in the atmosphere and in the soil absotiyedvater during percolation.

5.7.8Chlorid e

The concentradin of chloride ranges from 0.15 645 mg/l with an average of 0.93 mg/l. the
possible source of chloride in the studgea might bepossibly fromthe dry fallout from
atmosphere oresult from egernal pollution from thrown out food containing salt and since
sodium chloride (NaCl) is very soluble, this can then be wadbeah into the ground by rain
Chloride in drinkingwateralsooriginates from natural sources, sewage iaddstrial effluents.

5.7.9 Nitrate

The concentration of nitrate varies from 0 to 35 mg/l with an average of 8.26 mg/I. This is within
WHO (2011) and NSDWQ (2005) recommended levdlgrate can reachgroundwater as a
consequence of agriculturalctivity (including excess apphtion of inorganic nitrogenous
fertilizers andmanures) which is most common in the study area. Another source of nitrate
might befrom wastewater disposal and from oxidation of nitrogenous waste praduaisnan

and animal excreta, incluty septic taks. Some groundwater may also have nitrate
contaminatioras a consequence of leaching from natural vegetadiomdditional minor source

is from nitric oxides produced by lightning discharges.

5.7.10Phosphate

The concentration of phosphate ranges fro@vGo 1.95 mg/l with an average of 0.45 mg/l.
Phosphate is an essential radical in the growth of plants and animals. Some sources that
contribute nitrates, such as organic wastes are also important source of phosphate. Also,
phosphate in fertilizera/hich is most common practice in the study aneay yield some certain

percentage to groundwatir the areaConcentrations of phosphate found in trace amount are
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not toxic to man and animals. However, phosplmateatercan stimulate the growth of algae,
which may cause taste and odour problems.

5.7.11Ammonia

The concentration of ammonia ranges from 0.007 to 0.035 mg/l with an average of 0.02mg/I
Ammonia in water is an indicator of possible bacterial, sewage and amastd pollution The

source of ammonia might be fromxternal source of contaminationOut of the thirty
groundwater sampled, one samfdample number 23)as high concentration value because the
well was by thedischarge of urine around timosque which might be respoble for the high
content of ammonia in the watef that location (Dan Mahawayi).

5.7.12Lead

It is a serious cumulative body poison. Natural waters seldom contaentivem Sugl/lLead in

water supply could come from either industrial; mine, smelter diges and/or forms from the
dissolution of old lead plumbing.

The concentration of lead varies from 0 to 0.035 mg/l with an average value of 0.0025 mg/l. Out
of the thirty samples analyzed, only four showed traces of lead in the study area. Two out of the
four (samples number 1 and 9) exceed the recommended level of 0.01mg/| WHO (2011) and
NSDWQ (2005) and the other two are within the limits. The possible origin is natural which is
due to mobilization from soil, vegetation, alluvium or bedrock and also fiemmattan dust.
5.7.13Copper

The concentration of copper ranges from 0.003.684 mg/l with an average of 0.06 mg/I.
Copper is both an essential nutrient and a drinkwater contaminant The value of copper in

the groundwater for the study area igrece concentration. The possikleurce of copper might

be from leaching of natural deposinderground. The copperccur as trace element in the
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granite which come from leaching the product of rock weathering might be another possible
source of copper ithe groundwaterfSome people who drink water contamioopper in excess

of the permissibldevel with short term exposure, experience gastrointestinal distress and with
long-term exposure may experience liver or kidney damage.

5.7.14 Manganese

The concentration of manganese ranges from 0.008 to 0.822 mg/l with an average of 0.09 mg/I.
Two samples exceeded the recommended level of 0.4 mg/l WHO (2011) for safe drinking water.
The possible source of manganese in groundwater might be from rain wateaemdrom the
product of rock weathering. At concentration levels higher than 0.4 mg/l, manganese imparts a
bitter taste to water, stains cloths and metal parts and precipitate in foods when used for cooking
and it also promotes the growth of algae sergoirs (Todd, 1980).

5.7.15 Iron

The concentration of iron (total) varies from 0.012 to 1.51 mg/l with an average of 0.56 mg/I.
Some of these values are higher than the WHO (2011) and NSDWQ (2005) recommended level
of 0.1 mg/l for safe drinking water. €hmajor sources of iron could have been derived from
dissolution of ferromagnesian minerals during weathering. If it becomes necessary, the iron
could be removed by aeration.

5.7.16 Zinc

The concentration of zinc varies from 0 to 5.061 mg/l with an aeep& .33 mg/l except in one
sample in which a concentration of Zn is 5.016 mg/l. The reason for this high value can be
attributed to the closeness of the well to a vulcanizer workshop where remaining of burnt tyre are

washed down by rain into the well. i§hs the only value that exceed WHO (2011) permissible
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level of 0.01 mg/l for drinking waterT@ble 4.2 5.3). The abundance of the major ions can be
depicted as follows: Na>K* >C&* >Mg** and HCQ? >CI >SQ/.
Minimum, maximum, average values arglandard deviation of physical and chemical

parameters of groundwater samples are presented in Table 5.3.

5.8 Hydro-Chemical Facies

(1) The piper trlinear graphical representation of chemical data of representative samples
from the study area for the dsgason reveal the analogies, dissimilarities and different
types of waters bring out chemical relationships among groundwater samples in more
definite term. Plots of the hydrochemical parameters of the water samples on the Piper
(1944) Trilinear diagranfFig. 5.3 classified the groundwater system in the study area
into Ca + Mg, Na + K HCO; Ca + Mg, Na + Ki SO, and Na + Ki SO;1Cl and Na +
K1 HCOs; waters

(i)  The Durov diagram was used to also infer hydrochemical facies of the study area.
Chemical data of representative samples for the study area are presented by plotting them

on Durov plot (Fig 5.4). The samples were concentrated HH@@s type.
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Table5.3 Statistics summary of the analytical data of groundwater samples of the
Study area with 2011 WHO Standard and 200SNSDWQ for drinking purposes.

Para [Units | Minimum| Maximum| Averagel StandardDeviation(S.l| 2011WHO Standard 2005 NSDWQ

meter Recommende( Max permissiblel recommended Max permissible
level level level level

pH - 5.3 6.4 5.767 |[0.254 6.58.5 6.58.5

TDS |mg/l [11.08 311.0 55.069 [66.716 500

EC |us/cm|5.4 491.0 154.597| 120.36 1000

Temp|°C 23.9 24.3 23.337 [3.955 15 22

Na [mg/l |2.0 87.0 18.45 |20.718 50 200

K mg/l |1.2 34.0 6.883 [8.295

Ca |mg/l (0.0 154.21 |[12.569 |29.432 100

Mg [mg/l |0.77 13.2 6.425 |2.755 50 0.2

Fe mg/l |0.01 1.51 0.56 0.389 0.1 0.3

tOtal

Mn |[mg/l |0.01 0.82 0.085 [0.179 04

Cu mg/l |0.003 0.584 0.063 |[0.108 2.0 1.0

Zn mg/l |0.0 5.016 0.326 [0.914 0.01 3.0

Pb pg/l  10.0 0.026 0.001 |[0.005 0.01 0.01

NH, [mg/l |0.007 0.035 0.02 0.009

Cl mg/l |0.15 6.45 0.932 [1.193 250 250

HCQ [mg/l |0.5 3.5 1.58 0.764

NO; [mg/l |0.0 35.0 8.17 9.977 50 45

PQ [Mg/l |0.27 1.95 0.45 0.310

sSQ |mg/l [0.12 2.66 0.46 0.506 250 100
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Figure 5.3: Water types of the study area based on piper trilinear diagram

64



