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Abstract

A study of the geology and hydr(_)geology of a part of Mi(;ma wasﬂ conducted with the aip o
determining the geological conditions contro_llmg. groun water. ow and Storage and safe
abstraction methods. Many boreholes have failed in this area principally as a result of po,,
understanding of the groundwater conditions and' relying solely on geophysncal surveys ysip
Electrical Resistivity. The area is basically upderlan_n by focks of the I?hgenan Ba;ement (?Omplex
system comprising chiefly of granite, gneiss, mlgm.atltes.and schist. Geologic mapp"!g Was
conducted on a scale of 1:25,000, surface fractu.re orientations where map.pe.d to determine the
principal joint directions. Hydrogeologic mapping was conducted on existing dug wells a}nd
boreholes using the gridding method. This information was used to Plot the water lev.el elevat{on
map, water level change map and depth to water map. Groundwater in ?he parts of Minna studged
occurs mostly within weathered to fractured portions of the underlying rock. The weathenpg
profile is shallow and mostly between 3 — 10m. Water level contour map reyealed that areas with
greatest potential are located within the central and northwest.em portions of the areadyo
appreciable change was noticed in the water level change map. Sites that could be explonil 0;
groundwater development showed target areas having the highest water level and tl}e least ep}tc
to water levels. Groundwater potential was found to be higher in areas underlain by Efﬂ:;‘d
followed by gneiss with schist having the lowest potential for groundwater s'tor.ag_:i S
transmission. The schist in the part of Minna studied was found to belong to the 'Blmmd'esin
Schist belt. This research has buttressed the need for Geological and Hydrogeological stud
choosing sites for the development of groundwater resources.

. Water
Keywords: Geologic mapping, crystalline rocks, Hand-dug wells, Hydrogeologic data,
level map

1. Introduction
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Water is one of Earth’s most vital natural and essential resources which has wide ranging

On various aspects of life. The impo

emphasized as some communities
(surface/groundwater). Water supp
Populations that depend on it for vari
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rtance of water as a major source of living cannlot :o es
are usually located close to reliable water sm:pa{i
ly has posed serious challenges to both rurd aress
Ous purposes, including irrigation. Water supply I
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; is mostly from streams, rivers and hand dug
~ supplies (like Niger State Water Board). Howe
and increasing demand as result of growin
overstretched and supply becomes grossly i

tha'l Ca? afford it have bor.eholes/wells placed in their homes offices, factori

thrive In son?e areas a.nfi In other areas it does not (Idris et ,al 2?13 prtoy g
hydrogeological conditions of the area will greatly aid in ,und )t S;l.]dy of the geology e
- groundwater occurrence .and distribution for integrated water reszl:r:n g
Groundwater occurrence is a factor of climate, geology and topography ZSIII:? :ﬁ::f:;eimyni

a complex and finite system. Climate is responsi
ponsible for re : X ;
storage and transmission, (ldris, 2013). recharge while geology is responsible for

Minna is a rapidly growing city with the population increasing from influence of people trooping
in from neighbouring states. Niger state water Board (NSWB) is the agency under the Ministry of
Water Resources that is responsible for supplying water to the populace, however percentage
coverage of the town in terms of people networking in just about 30% (NSWB, 2014) this implies
that over 60% of the city’s population rely on other source for water supply, notably boreholes.

Many have lost huge amount of money on drilling of boreholes that turn out to be unsuccessful,
the success or otherwise of the borehole depends on the local geology and structures contained in
them that can store and transmit water in economic quantities to borehole placed in them. It is
therefore significant to understand the geology of the area in relation to its groundwater
transmission and storage capability. Most (over 80%) of boreholes/well owners seldom conduct
geochemical analysis of the water, believing that borehole water is a very clean source of water.
However, boreholes and wells can become contaminated from both natural and anthropogenic

sources.
A study of the groundwater qua
or have been directly contaminated an
useful source of information for effective an

The study area forms part of Minna Sheet
longitude 9°37'36"E and 9939'34.5"E with a total area 0

n areas that are prone to contamination
of contamination. This will provide a

d sustainable water use and management.
164 and lies between latitude 6°30'E and 6°32'E and

f 14km? (Figure 1).

lity will yield information o
d also on the source

2. Methodology

2.1 Preliminary studies

ation was carried out us
t the area 0

tudies on existing information of the
to be met. The research was broken
ea and also for preparatory
lyes using information from
internet, journals etc.

ing preliminary s
f research likely
ata on the study ar
S, which invo :
ernment libraries,

Background investig

geology and hydrogeology abou .
down into phases to offer complete: backg.rlo:;:ledmaterial
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Figure I: Map of Nigeria showing study area. (satellitecitymaps, 2016)

2.2 Field work

Field work was conducted after the reconnaiss
material was completed and an intense
conducted with topographical map of th

i ilation of
ance studies, careful studies and compilation

geological and hydrogeological mapping of the area was
e area.

. . i 8 al
Geological mapping was conducted by a topographical map of the area derived from the ong;“in
map of Minna sheet 164 NE i, order to map various lithologies in the area with the use of GP A
locating Poundary determination ang outerop location while surface fractures orientations whe
Mapped in order to determine the Principal joint direction,
Hydrogeological mapping wag condy

cted chie
their respective depths fly on the
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fhe V<"
or to being sent into the lab. Physical parameter
ions within the study area which includes PH, Ty,
hown in plate below. Conductivity, Temperature 5
late below and DO using J well as shown in
range of 200-400, 401-600, 601-800, 801-1000
elected and taking to the laboratory for further,

he field P!
\arious loca
pR 89035 S
sho“'“ lnp
conductivity
Samp|es were S

of Yvater samples was taking from
bidity and colour using colorimeter
nd TDS using Conductivity meter as
plate. Samples were grouped into

1001-1200, 17 representative water
analysis.

1.3 Laboratory work

Analysis of water samples was done at the Regional Water Quality Laboratory of the Federal
Viinistry of Water Resources located at the Upper Niger River Basin Development Authority,
\finna, Niger State. Set of standard procedure describing the sampling manual, (UNEP/WHO,
2011) was used to collect samples for the hydrochemical analysis delivered to the lab. Sodium
(Na®"), calcium (Ca®*), magnesium (Mg?*) and potassium (k*) was examined with Titrimetry
method of analysis.

3. Results and Discussion
3.1 Geology

Geological map of parts of Minna Sheet 164 NE in figure 4.1 shows the area is mainly underlain
by rocks belonging to the Basement Complex System of Nigeria. Main lithological unit which
underlie the area are the granites (over 90 %) covering virtually the entire map. The second
lithological units are the Schist which occurs in the south eastern part of the area. The cross section
from point A — B indicates a terrain that is not very rugged but gentle with the schists forming the
higher elevations. The elevation ranges from 240 m to 300 m with the highest point occurring
#round Police Secondary School area which also represents a spot height and the Universal Time
Mercator (UTM, WGS 84) is located at the spot height. The granites are the youngest of the two
fock types.

iose diagram of the measured joints is shown in figure 3. From this figure, the major joints
'rection is formed trending in the NNE/SSW and ENE/WSW directions.

the previous

Water level in the wells where observed within a period of three months apart from
the hand dug

Sludy. . g .
\\'e:) >and an increase was remarkably noticed showing the actual source of water in
*ISthe overburden water from the surface which is subject to seasonal change.

to above 1.5m. No appreciable change
tion is useful to the hydrogeologist,

in the _ This informa ; :
water level change map t for water or avoid water in the area.

»1OWn planners and individuals wishing to prospec
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Figure 3: Rose diagram of the measured joint strike of part of Minna sheet 1
3.2 Hydrogeological maps

. : all year
area shows water leve| been shallow and is obtainable

{
. 3 o glmos
: which 15 £
St to southwest shows clear zone of high-water level
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ceflecting presence of shallow fracturi
fracture forces shown by the shalilltc):::'l r\:;% Potential for deeper wells exits in thi

map shown in figure 5 shows that water Ier |ev.e| sources. The raining sea:ol: this area aa result' of
- SR ———— evel is generally closer o the su;fac:z-ller}:evel elevation
P hern part and very poor in the sou,t , ater level is high in the eastern part m¢::.t © nof;h.e‘fStem
southwest trending fracture earlier see o The map also shows indicz;tion “tl‘rt‘;]or o e
map shown in figure 6 indicate areas wf;t;]nl:'h e dry season water level map. Wateor Ieveerzlr;t;::;
less than 10meters deep can get water all igher groundwater potential from which wells that are
Bosso Low-cost, Bajego, Dutsen Kura and year round such areas includes parts of Bosso estate
and parts of Dutsen Kura and Bosso have d parts of Fadipe. Other areas like Shanu, Tudun Fulan;
S ve deeper water levels which tends to dry up, at the onset of
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Figure 5: Rainin
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Shallow water level
(<2m) yield water
mostly all year round

Deeper water level
(>2m)

3
By

4 Mostly dry at onset of
dry season

Figure 6: Water level elevation map
3.3. Depth and Yield of Boreholes
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Figure 8: Water yield contour map of parts of Minna sheet 164NE

Borehole depths

Plate I: Borehole Depths (m) in parts of Minna Sheet 164NE
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Plate 2: Borehole yields (m%day) in parts of Minna Sheet 164NE

Table 1: Summary results of the physic-chemical composition of groundwater in parts of Minna

WHO

Parameter Mean Min Max SD 2011 NSDWQ
pH 7.26 6.3 8.3 0.45 6.5-8.5 6.5-8.5
Conductivity  637.46 232 2230 411.51 1000 1000
Colour 1.15 15.00 1250.00 23922 Colourless
TDS 390.54 155 1120 216.39 1000 500
Sodium 56.18 17.00  136.00 35.88 200 100.00
Potassium 23.18  3.00 05.00 2663 30
Calcium 46.16 17.50  104.40 25.06 200 200.00
Magnesium 22,15 0.54 73.00 1884 150 0.20
Flouride 0.32 000 092 0.27 1.5
Phosphate 0.81 0.11 169 0.62 2 2.00
Iron . 0.17 0.04 039 0.11 0.3 0.03
g:::rr;z N %Z}i: ;20(1)0 19200 ¢ S2 250 250.00
— ; 0.0 0.00 198.00 5633 100 100.00

. : 0.00 0.00 0 0.00
Copper 030 003 g 0.36

Zinc 1.15

: 0.05
0.06 3.4 100 s 300
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4 Conclusion

fMinna Sheet 164N Sog e
§0%of the part E studied is underlain :
irni i F i ; ranit . :
(o the Birnin Gwari l“onnatlon.. erathenng profile between);g_ : (; :, agd jotﬁ, by Schist belon gu: g
i1 the fractured zones. Fracturing in the rock oceyrs at 30 - 50m at shal:o:nle‘::;er o;c:(;s mltzs(; Y
- 1 s an - m
at deeper levels. Depth of hand dug wells in the Study area varies in different locations from Im to

g.8m. Hand pump boreholes have an average depth of 3 i i
e depth of 140m. P Sm while motorized boreholes have an

Conclusively Water level contour map revealed that highest water levels are located within the
central portion of the map and the North-Western portion of the mapped area; with values above
7m. there is a trend in the depth to water level map as highest values are formed trending in the
NNE/SSW and ENE/WSW directions with values ranging from 0.8m to above 1.5m. No
appreciable change was noticed in the water level change map. Most hand dug wells dries up at
the peak of dry season since high rates of annual rainfall in this area results in high recharge rates.

Groundwater yield in boreholes placed in them is between 0.342It/s (12.5m>/d) and 0.825
(71.25m*d). Groundwater use is mostly for domestic (household level) and light industrial
purposes (water vending). Mean pH of the water is 7.3 (neutral), Conductivity 637.5uS/cm, TDS
390.5 mg/l and Temperature 28.5°C.Chemical parameters with the highest concentrations are;
Chloride  (82.35mg/l), Bicarbonates  (70.18mg/l), Sodium  (58.18mg/l),  Calcium
(46.16mg/1).Heavy metals with high concentrations are; Zinc (1.15mg/l), Fluoride (0.32mg/l) and

Copper (0.30mg/I)
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