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INFLUENCLE OF BEDROCK ONTHE HIYDROGEOCHEMICAL
CHARACTERISTICS OF GROUNDWATER IN NORTHERN PART OF IDADAR
METROPOLIS, SW NIGERYA

Abimboia, A, F.', Odukoya, A. M. and Olatunji, A.S.
'De; antment ol Geolegy, Universidy of Ibadan, [badan

’Dcparlmcnl ol Larts Science, Olatiss Onabamo Universily, Ago-bwoye

ABSTRACT

The nlivence of the oountry rock {bedrock) on the hydiogeodhenucal chavaciensiics ol
proundwalel 10 the northem pant ol the ibadan metiopols wre assessed.

Forty water samples (twonly boreholes, len hind dug wulls and len surface waler) were watyzed
for it physical and chemical components wiule teh rock samples of both weathered (saprolies) arvd
unweatheied (fresh) {gn the couniry tock in Ibadan were analyzed (of their chemical and mineralogica!
chi vyes  The sapolies and hand dug vall samples weie taken o the same focabon i order (o derdily

thewr relationship,

Mineralogical analysis shows thal quanlz, won and opagque minerals inaease from fresh o
weathered rock samples but the reverse 15 the cose of other runcrals ke leldspar, broble and bhornbiende
while clay minerals were only noliced in \be vasihered rocks

al

Elemenjal gawn and loss analysts of the'sliered gnaeisses afd quarizite indizated leaching of Si0,,
. Na;0, K0 and Cal and gain P;0s and Fe;0y from fiesh to weathered rock samples A1,0; 18 laken as

Using ppec diagram, [our walay

groups were identified which are alkal rich (Na' + Ky, mixtuce of all cahons {Ha® + 1<, Ca”, M)
chlotide rich (C 1) and mixture of anions [C1°, HCOy, $0.7)

Comparison between the chemisiry of waler and the plols of elomental gain and loss show thol
high concentration of a parlicular element in the waler sample 15 equivalent to the foss of the same Tod
sample, A plot of TOS again:t Na' / INa' + Ca’') ratio (boomerang) conhirms the {1ct Liat groundwaler in
the case study area acquire their dissolved ions from the effeds of chemnical weatt.enng of the wndertying

bedrock.

INTRODUCTION™

Chemical composition 15 one  of Ihe
prncipal critena for assessing the quolly of waler
Geokogy, panticulaity rock lypes, lhei wealheied
producis nnd precpdation frome ranfoll conliinde
grey bs he chemisly of switace o giound
walsis, TINS'n essence delormines their sulatity
for human consumption, domestic appleabions such
as dinmklng water for domestc onimals, nigaton of

- agticutural lands nne ako &5 many usages e
nisnufactunyg ndustnos.

Whaon kgneous and motamomhic rocks are
exposed lo waler and almosphenc gnses ol or Poar
the surfoces of the earth, the minersls they contan,
decompose selecively and al very fast roles

Sevoral works on walur qualty especially m

", the basamart complex have been dscussed wih

the effects of the emviionenent and man on the
qually of waler being omphasred.  Examples of
such works aro those of Azecs (1872) and Ako
{1000) and Rajl and Alagbe, {1007)

' The sludy area falls valhin the norlwm pan
of bandon,  Gouhwesiern MNipena. R tes botwoon

lattude 3% 45E and 4° 03E and Jongude 07 45N
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and 77208 The 1ebel of b stixly oea taky wile
two base unls which are the byl ndges and low
Iy temoces wlhach goe fise 1o wxdulalng featare of
the covvonenent Three imeior tvers B Oropun,
Oogumpa and Ono iy e slady mied, Ooogjun
et Boves liom the mocbeaslemn daoctran wred
eroples wxo Uwe Gleyele resenaor whae Ooo Roes
torvaids e wostem pard before ® = joined Iy fhe
Ogunpa Hreer (Fig. 1) The wros falls willm e
hoemud ord sub-buasred Gopkoul doade of
souttrvestem Ngena Tl ol motsoon verxd

frorn ha Adantc Ocean urhoees 511 e wel seaon,

between corty Apcl andd Novernber, Thae vegelsbon
is of e rarorust bype, haevsvel Brgot pocbon of U

‘srea have  been doanx! for restestal i
COMMEC) pWpeses, JdowTy) only 30310
Ve golaoon,

t

e = Journe! of N1rrrl§r\\ Asocd athors of !l;?{rwmiogj-h {MAHY, Vol 1Y, Novewalror 20Y1

Yeonstant.  Water chemistry show thal sedium, polasstum and chlofxde 1ons occur :n hioter concentialton
compared 1o those of calaum, maghesium, bicarbonate and sulphiale
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v GEDLODGIC AND HYDROGEQLOGIC SETTING
The area bes within the basement complex
ol souhwestem Nigena,  The jocks aie classificd
Mo rnajor orx) munor types {Akitola and Fian
1982). The major lypes are quartiziles, banded -
greiss, sugen gneiss, grante gneiss and migmattes.
- The minor ones inchude pegmatie, apiles, quarz
veins, dolerila dykes and arnphibostes {Fig. 2) In
S most cases, the rocks aie ovedam by the weoalhered
fl.regoiﬂt
do0ye oo Banded goeiss cons‘u‘Mcs over 75% of the
rocks n and around Ibadan whie augen gneiss and
quaitzie share e remaining n almost equai halves
Danded gneiss &5 chaeclerised by wel defined
. bands In wiich gquantzolelspathic minerals allemaie
with  {etrormagnesian minedals, They are
predominantly mederm Groned., GHeisses are seaen
v o be wel banded around Agbowo area, grantc
lowards Orogun and show augencharacter waln
the Universiy of badan Campus.
. Quartizdes occur as  elongated  ndges
srking' NW B SE.  They ate mostly massea:, .
. domnartly made up ol guark, oulciopping slong
o Total Garden D Gale Road, and Qe B Bere Road
‘ Fraclures ore more obvious n Ihe quatlzdes of e
Weslern @as of Ibadun Cenerally, they o
concorfant o e beddng ol e rocks  bul
" ducordard raduies abo cocw The Tauk aces vary
wi osze Lom a few centinelers o hundicds ols
melery Thete s 8 grealer occuirence of ok)s nlhe

Lo . soubwrn part ol e aren The regronal sinke ol the
’ " fotobop n Wadan s roughly in the N-5 drecton
Pegmalies and quarle vens occul ay
) Tconcordand snd discordant bedies wihin e major
' rock, types ond vary bolh v length ond wadihe The
. pegmalics pre ofien pale-pink 0 colour while the

A

(rs

Crocks (Davis and Dewesl, 1006)
“ptherwse banen rock lo function as o groundwater

 picepitalions

L.

maassred on the epol of coliechon,

Water Resourves — Journal of Niperisn Axseciutiog of Hydrnpeobupists (NATD, Vol 1)

Ablmbad e et wd ?

quertz vens org whio of grey. The dokrio dykes
ocu as discordant intrusive bodies culing Irko Uw
country rocks. :

Basemer rocks are comimonly considered
s peor nqufers becayse of Uwair crystalineg nature
viwzh leads 1o bow  poresity b permeabity,
Heowever, oppreciable porosty and peaneabilly are
developed through fracturing and woalhering of the
This makes on

aquier, -~ ° Also, the availabity of groundwalter
depends on the exlent ol wealhered gveiburden and
Ahe vpresence of joints o e underling rocks
{Acworth, 1087} Groundwaler occunence in Lhe
study area 5 essenlialy sermvconfined lo unconhned

‘ocourmng Cunder waler table conddions ond highly

wivenced | by inliraten  and  percolabon of

Geological map of lbadan (aﬂu JODCB cl
of. 1963)

METHODOLOGY

Forly water sarples, len fiesh rock
samnples and len wealbered rock somples wore
coleded. The waler samples are made up of len
samples from e sliearns, len from hand dug wells
and lwenly from boreholes {Table 1)

The wales somples wete collecled nite 2
res volurme whide plasiic conlaners afier being
woperly nnsed  Waler samples were analysed on
the day of cofuchon at the Oyo Slale -Waler
Corporaton, Ascpre laboratory Al the spmples
weie cotecled over a fodoight between March 25
and Apal 10, 1997 and ttvs penod was 2 ronstonal
one “between the eod ._ol. dry scasan and he
begovng o the ramy sevason so the eflecls of

- surface run oll and inlikrabion on the mwveshgaied

samples are mownal and thal of the undeilyiyg
bediock domnant

The ternperature of the waler camples was

Pontabtio pH
meler was used for pH moasurermant. — Gihot

Nuvember 7002

ek
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"properties of waler such os color, dissobed oxygen,
TDS, total slkabndy, hardness, chlanne demand,
caloum hardness as well as anions and calions sweh
as Ca”’, Fe™', C1, Mn™, Mg™, P, si", Pb. s0.7,
HC Oy, N0, were analysed for nthe ahoaisy Lsing
\wratnn method
Ten heshrock samples ans tner eguslen:

weainered samples swere ana'ysed (o asceflan Ther
min:ralogical and chemcal composton  Also, well
logs data for the borehole analysed vwere oblancd
from Fountain Springs Nigena Limred, ibadan

Table 1; SAMPLE LOCATIO”, SQURCE AHD ROCH TYPES
YUTHI THE STYDY AREA

_SAMPLENO  JIOCKIYPL - JLOCATION _ WAIEASDURGE
gL gt Grosy e et
'} 2anlr Grety I oogr ir ol
'}) Zranle Grgesy NN TVal M phly
i} Fiany Gosgs Nrgan Lor thate
0 Yaagn Gy AThow ) gk
% Saien Guopyy J4 Mot
L Aamea Goegy =2 L0 T S0 A5 4
al a3 Rty ety
vy ] lgrded Greeyy Nl jorglede
S e td Oy [rrae Ao ad |
11 mnn Gnedy | T5i7 990 Vrehes
b watn Gney 1ol ey
1} Srante Ooae . a2 1)
1 Granfr Goesy | righoai, K R
A, 1% ninen) oo Zytrm ]
( 1 gnGnpyy pilid eI
17 1l Gnry lanhoran Ve
14 : bmm\n;n (1231 rratr
_.ll__'_hﬂim_cf_'lm._l.mfvm greiedy
0 enGneny ArgR . Vrtha
Fil Mg ndines ) AgaTRingha __ piend duq v e!
] it Gnesy 7o_ PSRRI
21 [tarle Qneiz) [ intd U dus gt
Mgy tnGnedg 29 torg gug vl
o Yrded Goeay . Joecacell s g a !
% NrdtaGnegy e trd gt |
ar Yaualzde [Secielrgl w1l dya ntf
28 avuie XAl 1o gug wt!
el s izdt N {Itd Guden  Jladiduonel 0
x Sy odt g draxtd
Al Uix 3y avtam
a1 il N mehd Ltam
b} ] ¥ Ut YT Y LY
M. .15 117 | SN ¥, 1 Atam
1% | ol A, i tam
¥ et oy Sueam
kN Dur i ie ¢ verm
] X 111 Iy Ay ueam
h i - 4 tepp
N : ‘R 12}
RESULTS AND DISCUSSION T
. Mineralogleal and Geochemlcal Analyses of

Bedrock

The calculated average model peicentages
ol We respecive minerals Indicales a  higher
gecuntence i the f{reshy (unaficeed) rocks of
plaswoclase, K- feldspar, biolle and homblende
(Tavie 2A). The weatheied rock samples
(saproites) have-higher ebundance of clay minerabs
&(malriy kaphnito, sencie), ion (ps Feddy) onnd
opaque mincrals (Toblo 2A). Quarlz 15 encched n

-

e Influcnce of bedroek on e ydrogeachenienl chrracterlstics of Groundwater,,, J

U weathered rocks

The absence o reduced piesence  of
pLseclase, K D fuldspars, haindmende, aotte b1 e
atetd {weatneied bonrons) nacks ndeae badwg
‘@ chemazal ranslammabon of Lese moeralk rio
3y Trs s ewdenzed from e appvecaik chy
prEsent ¥ e weahored horcos The kBached
™ dis 370 O350 1N he sursa oo swaler urdor
conlvied pressute and  leayoraiae Thes wil
utimately afer the chemistry of the waler ardd nuay
mpazt posteely o pegalvely e groundwaler
1esDUiCes

The result of chenwd' anahss of len
akered and ton cquealenl unafered rock samples
liom the sludy atea were uwsed (Table 2g) and
acroiding o Krauskopl (1979), 1o caledale and plal -
the percertage gan and ss of e indadual
clments n the alicred rocks (Fg 3) ALO, was
assumed lo be conslant due to s bnutad solubidy al
ptlol belweon Glo O

The gesull showss 1hit U aflerabon &
accompanked vath percentage gam o ron and
phosphorus  and  conespondsyy  kss N sodium,
polassum and calown wiuch are the elemens
which consbitute the feldspars (Fayure 3)

These Yare  dwect,  rewted W U
mineralogical analysis 1esudts aad are N accordance
vath ihe fact hal the changes o U chemica!
compostions of progressvely weathered saproies
musl reflect vhal s happersng o e pormary
minctals 05 3 rosull of he chemuzal weathemg, on
the other hand, however, thers 5 very e joss of
S0 The losses are generaly kess han 1%, Tlis s
due, lo the slatibty of quanz, alhwough sica &
icached ol of Lhe rocks, the amoud ksl B L{Ug: '
compared lo he relained nsol bl quartr, ’

Flg. 3. Dementsl gan snd lott bn Ve ticted tock bypes b dxsdan

Water Chemistry
’ For Uwe boteholes sarmples, [Fraodued
budrocks) average concertraborns of Mar ond Kr
ure 31 Ubppm and 10 Lppm respedrecty wAwe hose
of Ca’™" ond Mg™ are 1Z9mg/ wnd 3.0mgA
respecively (Table 3)
Choide 15 the dormwant amon wih on
avernge concentmbon of BUmgAL  The average
corcentralnns of 50, and HCO, pie 18.5mpL

Water Resnurces = Juurnsh of Nlgerfen Anvoclation of Hydiogeologints (HATT), Vol 13 Neos crnbeer 20402

ope



e Abletedn of al

" medd 20enp/L respectrly,

N caxo of weters olAared Irem hand dug
wols (woathortd zono), mveroge comcontrabon of
Na+ and K+ ore 20pprn and 21ppm tespectvely.
Wik thosa of Ca®™ and Mg™ oie 20,8mgA and

* 36mA. tespodively. €1 s 114mpl, SO s

23 4mg/L oed HC Oy Is 47.3mgL

Tabsbe 3: SIRAMARY OF WATER CHEMISTRY OF THE

NDJIY AREA
rANETERS PAMOE MEAN | STAHNDAAD | YAJUANCE
REYIALT

rkr (41 rox hiaon pod 123
(EeeTeer: VS oI A1 o R AW SN -2

24 11 2 3
et Oiooery. [1SOAS Ma___ . o

el Adsbonty ., [IAARIRS Jud [ S ral

[EEC LTS =N L 4 I e & A TN sl o
Jlsoew  IOQRYO L R0 M
Al I b 2.0 40 s | wa
b net) - boipnz _han o b 2
ey, NABR29. NG 1104 o)

A st 1LANA2 n_.he 1Lt
Wl 1R 18] o
Kl hGASsLa e By res
e frrml A1 ¥ Ww2__M& ih »
b emmd o USAIA. . 2 [k o
Y froud LZBIz 18 o o7
Yt b Sx il

o ) A4 1n_ G .
Ehlognl DB XTI XY b

£8: 01124, I Y JRLG <1

b foome ROG Do foa s

MO 10 o o on
[ tores Demanc10145 03 84111 54 Xo A
Lot i

Fnal) those taken hom ibe stieam
(surface) Na° and K’ concerﬂmllon ol ASppm :md
10ppm respeclively, Ca®' s 13 Smg/l wie Mg’ &
4.3mgA, C1 wihich is the Jomnam anon is 95mg/L
The concertralion of 50,% s 23mgfL angd
that of HC O™, 15 55mg/ ‘

GefmlypHv:m-csrange homb'l D77
vwe feld ternperature of waler vanes from 22°C 1o

CAET 33°C - Dissobved axygen values fiom 3.5mg/L to
1Ak 118.5mg. total hardpess ranges fiom 4Smgn. B
‘, mg

165mgA., Calcumt hardness ranges from 30rmgA. 1q
10mpAl Also TDS value ranges fiom 40mgA. 1o
15kmgh. wide chionne demand values s from
0.0145mgA o 3.84mg/L :

The chemical parmmeler were plo‘ﬂed on
the pper ibnear dagrom 1o ascoilam the genelg
ovolubon of the waler kamples  lons used for 1hs

Pl were Ks, Na+, Ca™, Mg 50,7, €1° and
) "FCO—). Lt
From the plots, (Fig 4) e several water
saTpkes can be grouped o fowr groups and these
- AGE(Na®, K}
Modure Of all cabons (Na® + K, Ca™, Mg™)
Chioride nch CF
MWodure of smiors {CT SO,7, and NCO,.)

CWATER -
RELATIONSHIP

©omaking up the aquiler matenals

\ b
: P . :
H i e N R
. AT ST A Eatre B
H r‘-*,—v--;-'-‘-? ‘." w {n —rereoae
R ¥ casmmal g . -
Y s . A
R N .
R
_— N L.

Fig 4 Mper dlapram ueed W classify wiler on the basiv of 1t

chemlcal compatitan

CHEMISTRY AND BEDROCK

The chenwsal compostan of  woled
depends pnmanty on e charmistty of Lhe minerals
In addiwn, the
chermcal characler of waler v modihed by won O
exchange reaclons - duvyy  the  pescolalion of
precpdaled waler, uplake lhe recythng of nutnent
element by planls and by the nleroclion such water
bave wih mumicgal and industnal wosles and
leachales i dumpsdes

fAost of  the  w2ns reword lughoer
cormgcenitabons o e haed ooz wells (wedllwied
zone) than n Uw borchows (Jractred basoiment
rock) (Fig 5) This 5 expected as he waler
obloned lrom 1he veells had very close iMeracion
wiihy the minerats ol e weathered borzons Wheteby
leaching oul the mobiie ©ns inlo solution,

However, e waler from the deep

" borerales are oblaned from fractures N the fresh
B bedrocks where the crystatine rocks contrbute vary

Ille ons 1o e waler they bear, as heir mineral nie
held togelher and highly stable. The clfecl of the
fock lypes and their wealhered producls as well os
déuton elfect iom precipdablion en the chemsly of
e waler samples flom Wis area is avidort,
cspemal}y from the plof of TOS against Na'f Na® +
Ca’ rabo  From lus boomerang pbls {Fig 6) mosl
ol he waler samples especially those of the hand
dug wels {(wealhered zone) were piolled in tl\e

centre of the boormerang whych srwm that lhey are

~miwenced by U chemwcal wealbenng of the

underlyrg bedrock whike o few plolled n tho comar

end of Uw boomerang wdicates domination of

melecne precprabon  The tompanson between
elemental gan ond loss (Fig 4) n e woostherod
rock tamples and chemusiry of wolor pampes
especioly hosa hand dug wolls (weatherod zono)
shows that coftetpondmg jose In sodwns, polassium

Weker Hevourves - Journal of Nigerbun Aseocbation of 11 deopreediploes (NATD, Vi 1Y, Ninember 20012



Influence of bedroch on the Hydrogeochermieal charsctertstes of Grounduater.., :'

and calcivm oguivalent leads to a conesponding
bcroase o lhese bns 0 tho waler sompies.,
Consoquenﬂy‘ the maln souco of these catons h

1he grmndwﬂur samples (espeualy the hand dug

wols) res
loldspars, |

from chcrrucal wealharing of thc
was " and ovm relaled mmorals
semenl rock ol ch stwly orea.

of p gioclase to ! form
‘ts h wealhering of biolde,
F;iﬂghe cAncentxa‘hon of Na’
}\ rﬁlalnn to that oi Ca"
7 (3. BmgtL) [ 4] consbnant wnh

sanded gnefsses are reported 1o have
averngt- co‘ng,ocman of MgO B 1.88% CaD B
4.01%, NM B 4 78% ond KO B 2 40% vie the
granie’ gnerss average contet of o0 15 6 2% and
MgO of 0. 1%

[

|

|

() cAT‘O.”S |
NI l
SR G L,
[RAL T I 1

8t imits
Baoan b8
prlviay

Mg Percanbige callons (A} and andora (B) concenliaton In

. compositich which dopends

il

GMerent watere of the sludy ares,

CONCLUSKEN{'

Water qualty ts governed by its chemical
primarily on e
malerials which have dissolved n & When minerals
get in contact with water, hey oo dissolved Uhereby
oering tha waldr chemistry which rvariably ffect
he water quaiiy wih lime. i

T erabgnat analyss of fresh and

malreicd rock samples, ther chemical analysis 'os

mer samp\es from the sludy aiea

| !
|
’.
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1
|
¥ . 1
-J", ' i |
t]rr Ilc nurcu -
\
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. . o ) 1
] % '
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i

- cordrm that chemicel composiion of tho ground

luurnll of Mﬂrﬂnu Anuclulim of ls’\drn-;_ru!u;v!-h (NATD, Y ul

walor especaly those fiom weathered.zone (hond
dug wolls) depords primaonly on Uwe chemical
wealhenrg of U undertang bedrocks.

The maln rock type of the study area is the
gneissc tocks fiom which minerals Yke plagioclase,
bolte, :und

K-foldspar  produce  Uwe  high
corcentratons  of Na', K' ond Ga" i tho
gmurdv‘d;ﬂm samples,
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