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écocllc:l1lcal characterisation ofaquilersinthebasementcomyp 1(:\ sedimenttransition
- zone around Ishara, southwestern Nigeria
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- Abstract

[ Geochemical investigation involving chemical analyses of watcr samples was carried out in the arca around the contact
I between the basement complex and sedimentary rocks around Ishara, Southwestern Nigeria, This was wilh a view (o
,J determine the relationship between groundwater chemistry and the lithology through which they Aow in the arca,

(" Chemical and physical characteristics of 19 water samples collected from available wells and surface waler were
! * determined. '

Results obtained from the analysis of water samples reveal higher values of total dissolved solids and clectrical
conductivity in Basement complex than inthose f[rom the sedimentary terrain. Statistical analysis of the geochemical and
1 physical paramctcrs of surface water samples (one [rom each terrain) show no significant diffcrence probably duc to
L little time of interaction with the lithology through which they flow. Apart from Silica and Nitrate, all ather paramelers

are higher in concentration/valucs in waler from the Basement cumplex than those from the sedimentary terrain due to
'. - the mineral composilion of the aquifer materials. ' 3
% The overall results show that there is a strong relationship between the aquifer materials i the study arca and watcr

H, chemistry.
3

b

Introduction Location

Water in adequate supply and quality is a nccessity for
.sveryday life. Itis difficult to imagine any programme for

Figure 1. Shows the location of the study areas. Thesc
arca are Ode-Remo, Ishara, Ipara and Fidiwo, in

ﬁumandcvc]opmcnl thatdoes not requite arcadily available Southwestern Niperia. The arcas covered by the study arc

T S,

ssupply of water, Readily available for much of the world's

population, waler has traditionally been regarded as an
inexhaustible gift of naturc by many sociclics. Such
complacency about this life-giving resource threatens
human welfarc dcvclopmcnl and indeed life itsclf in the
years o come.

The largest available spurce of fresh water lies
underground. ‘This is referred to as ground water and itis
the watcr held in the subsurface within the zone of
saturation under hydrostatic pressure below the waler
table. The quantily, chemical and biological characteristics
of water determine its usefulness for industry. agriculture
or don]cslu. uses. Naturally surface water is in shon
supply and in varying quality as a result of seasonal nature
of many of theni. as such onc has to depend panly or
wholly on groundwater,

localed between latitudes GIPST and 70°%04" North and
fongitudes 30°39 and 30% 3 East. They are bounded to the

cast by I[badan-ljcbu-Ode axis lo'(he sduth by Sagamu -

and to the vest by Abeokula.
Most parts of the study area are accessible and linked
with good molorable roads.

1.2 Objectives of Study

In a peological contact or fransition zone, like the study
arca, a general lateral movement from basemcnt racks s
sedimentary rock is markzd by noticeable local and
regional gecomorphologic changes (Adeyemi, 1992). This
is hikely 1o result in marked difference in the nccurrence
of ground water and their physical or chemical propertics.
The objectives of this study are as lollow:

1. To investigate the geochemical and physical
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Fig. I. Location map of the stwdy arca showing sample points.

propertics of groundwater found in these tcrrains
and

2. .+ Establishing the possiblc correlations between the
geology and ground water chemistry in the study
area.

A
Genereal Topography

The' relief of the study arca is closely associated with
underlying rocks because they are the cxpression of the
rock unil of the arca. The contact between the basement
rocks and the sedimentary rocks scparales thergemly
undulating relicf of the sedimentary terrain-from’ the
ruggedoneolthe basementcomplex avea. Thie sedimentary

;.. ~~zane-comprising Ode-. Remo.. Ishara-Remo and Ipara-

Remo has a fairly rugged relicfcharacierized by insclgebrgs,

O

.

Local Genlogy

Both crystalline and sedimentary rocks were represented
in the study arca (Fig. 2). The basement complex rocks
found in the study area are quattz -mica schist (QMS) and
10 4 lesser extent Migmatite-goeiss (MG). The Quarts-
mica schist oulcraps poorly in the-study arca. s
susceptibiliy to weathering is probably responsible forthe
scarcity of outcrops. From the feld observation. the
mineral contenis of this rock are biotile, quartz, and
feldspar. The iigmatite gnciss in the study arca it highly

foliated and-folded with a mixture of granile (quartzo-

feldspatne) and mafic highly Toliated bands. TFrom ihe
ficld observauon.the minerals content of this rocks in

“order ofabundance are quartz, otite.muscavile and

feldspars while the sedimentary partof the study area falls
witlun the Abeokuta group thatconsists af Tse A lawo and
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IFig. 2. Geological map of the study arca (modificd alter Adeycim, 1998)

Araromi Formation {Omatsola and Adegoke, 1981}, This
Abcokuta Group is of Maastrichitian age and of marine
deposit. '

{} Ise Ifgrmation

It consists essentially of continental sandstenes, grits and
siltstones. They arc pebbly at some places and highly
indurated and massive. They overlicthe basement complex
rocks and attain a maximum thickness of about 609m at
the Dahomey border. The basal unit is predominantly
conglomeratic sandstones succceded by gristly coaisc to
medium grain loose sands interbedded with crcamy/
whitish kaolinitic clays. It is Nccomania in age (Omatsuola
and Adegoke, 1981).

it) . Afowoe Farmation

_This overlics the Isc Formation and it consists of medium

to fine grained limestone consisting of thick interbed of
shale and siltstones. The Afowo sediments were deposited
as a trinsitional to marginal marine cnvironment, ranging
in ngp'from Turonian to Maastrichtan  (Omatsola and
Adegoke, 1981). o

i) Araromi Formation

This is the topmost formation within the Abeokuta Group.
ltconsists ol finc - grained to medivny -grained sands at the
bottom and grade into siltstones and shale within
intercalation of limestone. sand and lignite towards the
top. The age of this Tormation is between Maastrichtan to
carly Paleocene (Omatsolaand Adegoke. 1981). Fromthe
ficld vbservation of thesc sandstances, the major mineral
constitluent is quartz and tis quartz grains are fu'n-ly
angular. which may be an indication of a short distance
transport.

Hydrogrolugy

The hydrogeology ol anarcaisusually controlled by such
factors as geology and chmate of that area. This s due to
th: factthat geologicat fTormatiuns undetlying the arca and
structures contained in them determine the types of
aquifer to be encountered and how the aquifers we

“recharged while the climate determings the amount and

rate of recharge of the aquifers. (Nkercuwen, 1991,
Arivo. 2004). Unaltered basement complex rocks ave very
poor aquifers beeause of their low porosity and permeability
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and for them to become good aquifers; they must be Methodolupy
Finctured or weathered. Unlike the sedimentary terrain, e _ ,
. i ; Fwo (2) methods are invglved a this study and these e
the permeability and porosity ol basement complex rocks ) A : o G
_ - 1. Geological investigation
wpend on sccondary structural pattern of [ractures such o ‘ ‘
e Siistence and EONCERLIALR Ol AU RIEHT Gf Thisinvolvesthe detailed peological mapping ul'the
L 1 A . . §
. cutire arca-of study with emphasis on tlexture,
{racturc system as well as on the nature and thickness of i £ @ £ k
; - x . S0im s a shiug ‘OCKS.
> .- the'overburden. The Scdimentary terrain covered by the SHAPAISIRIGI Sl SIS ATk 3608 IOk
v 2. lydro geological investigation
; study arca belongs to the Abcokuta group (Omatsola and S el level g it Tt "
: INTH E AN E a8 1] ake :
" Adcgoke, 1981). The aquiferin this group. which is closc SIS SBICTeS C A FIENAT ) FEsetL bR |
prosimity to the basement rocks, is thin duc to the “the available hand dug wells and horcholes Tocated
S . il = Athin the s ' Wena, o i s wele
vecuirence of the fresh basement near the surface ol the Wit THE" SIS Sten I‘) water s """IC"‘ L
ground. Fhis situation is very prominent at Ipara-Remo collected fromthe twoterrains and analyzed inorder
. : sl 1 ati v betwee s waller
that has a boundary with the bascment complex rock “: 4 ‘_':“hﬂ (;hl: TI;“?'M"‘ betteeeh e wale)
Siipasiit chemistry and the Hithology .
found in Fidiwo. As we move away [rom the contact zone ' § £
lowards the sedimentary terrain in the study area, mosl i TR
. : Results and discussion
5 cspecially Ode-Remo, the depth of occurrence of

1

groundwaler is very decp because ol the unconfined
nature of the aquifer. This is duc largely to the nature of
the lithology of the formalion, which consiststof varicly
ﬁfsnndslsandsloncs varying lrom coarse-grained sizc to

Results of chemical analysis of water samples [rom
strcam, hand dug wells and boreholes o the study area are
preseated in Tables | oand 2. From the summary of the

results (Tables’'l & 2). Calcium, Magnesium, Sodium,
finc graincd milky colour. This lithology is solt and [riable Bicatbonate, Silica and Chloring ions constitute the major
. with high degree of porosity and permeability that allow ions while Sulphate, fron, and Nitrate constitute the minor
| quick percolation of ground walcr to a grealer depth lons in miost cascs.
- {Emecanike, 2001). ' P
F ' Table 1. Summary of chemical paramelers
{Cationic and Anionic) ("M ) -
I} st S5 Na+ Mp™ Ca'™ Fiek 50 NO - e HCO - | Ni
- |1 ] ove-remo | nu 2.07 631 6.40 0w | 200 vz | osas | e 150
] 2l & B 0.85 1.40 2.40 0.9 1.03 .88 6.3 20 APTH)
S BH 1770 | 22.34 1000 | 010 1S 153 775 |16 43
' 4| . BIl 1.50 243 | 220 0.1 197 e 4,50 Y 2.80
: 5 ISARA SW 2,22 8.75 14.10 0.93 .00 602 6.00 20 220
i 6 % HDW 10.07 16.52 17.60 048 200 LR 20.25 ] 0.
7 ' HDOW 1144 1847 | 41760 0.15 .80 354 2025 2l 1.76
" HDW 3.78 A.86 16,50 0.1d 177 S22 Pl 0 Y35
/A - HOwW 2.67 5.83 ;1040 o2 | oo 587 000 {1 0.00
101 FIDIWO Hpw 12.70 17.01 {.- 35.40 0.72 1.76 4.01 i0.15 0 11.00
1 HDOW | 963 | 1069 | 200 | 0. 1.3 287 1425 | 65 733
12 AL ST 2.70 .94 120 0.59 ) 79 2% 3 25 B B}
=4 S “liow | 7.39 6.50 w00 | 038 | I £36 | 1630 | 407, |s4s.
14 - ' HDW 15.85 1904 41 00 0.10 .35 451 2538 RS 300
15| IPARA BH 3.74 292 360 | 0m 178 158 | 43 36 1.55
6] .. HDW .43 3.20 e 0.13~ .05 1.0l 1200 | 2 2.3
7| . HDW | 8.58 10.24 20.00 .12 196 - | 358 e e 28 (.23
£ | 18l . HDW 1381 1430 1180 ORE! t " ig9 | wa 24 308
Lwh . ‘ HOW i 7.40 1 Wil | rw | wib | s | Fus | =@ J o l: v
] * In MgCaCO31, o
BH . = Borchole. .. .. ... SL == SAMPLE LOCATION
HDW = Hand -dug Well 55 == SAMPLESOURCE
5T = ~ Stream ) ‘ )
SEDIMENTAAY ARCA ARC ODE-REMO, ISHARA-REMO AND IPARAREMO WHILE THE BASEMENT
k[ PORTION IS FIDIWO, " ) :

P P
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i Table 2. Svmnmery of physical parameters
% : .
e Sample Sample
L Localion Source TDS plt cn TA T
r | ODE-REMO BH 56 64 0 |' s a2
I 2 . BH 2 6.38 k8 £3 k.
e 3 " B 478 5.90 783 3 1G4
F 4 " Bl 42 Fosd 08 2 2
b 5 ISHIARA ST G0 6.04 a6 ) T
i’ 6 HOW 272 650 161 4 2
F 7 3 HDW - 109 0.23 508 16 120
8 T HDW 102 5.62 171 ki 02
L 9 s HDW 74 579 He 3 50
r 10 FIDIWO 11DW 3 .1 S60 6 146
. n . 1HDW 260 762 429 i 104
L ok ! o BT 133 7.05 10 6 it o,
2 f 13 . 1" 1iow 199 618 P 2 $s -
: 14 Wi HDW 428 6.90 705 § 4l
*L 15 IPARA Bl 101 6.92 . 108 5 16
E 16 HDW 201 718 a2 1 33
E 17 . HDwW 240 7.21 390 r 94
| 13 HDW 1 1.6} 611 1 153
L 19 : HDW 200 728 130 2 56
L" }‘ TDS : _ ppm TDS = Total Dissoived Solids
. Conduclivity - umhias/em CD = Conductivity
- Tatal acidily - MgCaCOML CTA = Tolal Acidaty
1 Total hardness - MgCaCOoNL ’TH = Total 1ardness
L SEDIMENTAAY AREA AREODE-REMO, ISHARA-REMO AND IPARA-REMO WHILE THE DASEMENT
i PORTION IS FIDIWO.
L . The concentration of calcium varics from 11.2 10 +41.6 Chloride 1ons constitute the major ions wlile Sulphaic,
¥ %’fgil'in water from the basement complex portion of the Iron, and Niteate constitute the minor ions in most cases.
1 7study arca and 2.4 10 44.8 mg/ in the sedimentary portion The concenteation of calciuny vanes lrom 11,2 1o 4 1.6
;u with an average of 27.8 mg/l and 18.8mg/i respectively. mgdl in witer (rom the basement complex portion ol the
' Sodium conceniration vanges from 2.7 10 15.9mg/l in study area and 2.4 to d4 8 mpdhin the sedunentary partion
+ waler from the basement complex portionand 0.9 10 13.8 with an average of 27.8 mefl and 13.8my/t respectively.
| mg/l in sedimentary portien (average of 9.7mp/l and Sodwm concentration ranges from 2.7 10 159mg/l in
.*__“ 6.3Jmg/ respectively), Concentration of magnesivim range waler from the basement comptex partion and 0.9 10 1 1.8
b ~ {rom 1.910 19.4mg/l and 1.5 10 22.3 mg/l for water from me/l in sedomentary portion taverage ol 9. 7mp/t and
'l . bascment complex and sedimentary portion respectively.  * 6.3mg/l iespectively),
LH Bicarbonale concentration ranges belween 20 1o 05 g/ Concentrabonafl magnesiumrange lrom L9110 19 4/

| {average 38.5 mgA) and 6 to 36 mpfl (average 20.7 my/
1) for wWater from bascmient complex and sedimentary
portion of the study arca respectively. Chlaride
concentration varies between 5.3 to 25.9 muy/l {average
' 14.5mg/) for water from basement complex and 3.0 10
L v 27.8 mg/l (average | 1L.Smg/l) for water from sedimentary
portion.

From the summary of the results (Tables 1 & Q).
Calcium. Magnesium, Sodium, Bicarbonate, Silica and

band 1.5 10 22.8 mg/ fur water lrom bascment cornples
and scdimentary pattion respectively.

Bicarbonate and chtonde arc most dominant anions in
the study arca.e '

Bicarbonate concentrativn l'nng.c% between 20 1o 65
melbtaverage 38.5 me/l) and 2 1o 36 m/l faverage 207
mg/N for water from bascment complex amd sedimentary

o+ pottion of the study area respectively. Chloride
© concentiation varies between 3.3 to 25.9 ing/l (average
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14.5myp/ly for water from basemeni compicx wnd 3.0 1o
27.8 mp/l {average T.Smgdl) for water from scdinmentary
pottion,

Conversely, Sulphate, Nitrate, Iron and silica ons e
in trace amount in Most cascs.

Total hatdness as should be expected reflects the tend
in the concentration of calciwm and magne 1 wilh
values ranging between 36 and 184 mg/A CaCo (average
103.6Mg CaCC/Nyand 12and 164 Mg CaCO /1 (averuge
82.9 Mg CaCQ, /I for watcr fvoin basement vompiex and
scdimentary scction respectively.

The specilic clectrical conductivity of 110 10 705
“wnthas/en and 34 1o umhas/em and 34 1o 783 wmbasfom
were also recorded for water samples from the bascment
complex and scdimentary scctions respectively with
corresponding caleulated Total Dissolved Solids (TDS)
values of 73 1o 428 mp/l (average 260.6 me/l) and 23 o
478 mg/l (average 130.8mg/). . ‘

Totalacidity ranging from4-12mg CaCO -/l (average
7.2 mg CaCON) lor water samples lrom bascment and 4
to 24 mg CnCO)/ I for water samples frorn scdimentary
seclions of the study arca.

Characterization of (the groundwater

Thie concentrations of majar ions in milli-c‘qmvnlcm per

litre (Meg/t) were caleulated and were used in plotting the
- Piper's trilinear in which the ions in milli-cquivalent per
~litre are cxpressed in’peicentages of cations and anions
* Fig.3. 1

Theoverall chemical characteras shown inthe trilinear
diagram is that of normal alkaline carth fresh water type
{Ca-Mg)and subdivided intoa, b, and ¢i.c. predominantly
HCO, water. predominantly HCO“‘I SOl
predominanty 50 water tespectively. This witer types

- are those whose chemistry is controtled by precipitation.
dissociation of carbome acid and to o lesser exicnt by
»Hweathering, dissolution, and Basc Exchange.

Bascd-on total harduess classification after Kunium
(1972), majority of the sampled watcrs are soft 10
moderatcly soft while somc arc slightly /moYcrately haid
based on the total dissolved solids (TDSY after Todd
(1980), the sampled warer v the study arca can be
classificd as fresh water, Al these are valucare sul) withw
the permissible limit of WHO recommendation.

FFrom the statistical corrclation results, Caloium and
Magnesiumons have high positive correlation (0.75% and
0.934) with total ion, conductivity, total dissolved sohds
andtotal hardness. This high correlation between Calcium
and Magncsitnn shows that the total hardncess of the water
sample is primarily caused by Caleium and Muencsium.
The results of statistical correlation of the surface water

y Wihe study area show positive correlation (0.98-4). These

A

indicate that there vs ve significant difference in then
physicaland chemical parameters. Alb s may be attnbaed
tothe facthad suiface water has very Hdde e to infeic
with the bedrock unlike the pereolating groundwater,

[
My

Frg. 3. Pipe tnbneacdiagram showimy the chamical characters of the

Cowater resources t the study area.

Comparison of physical and chemical parameters of
groundwaler and surfacewater

A summary and comparison of sume available results of
chemical analysis of water obtained from the bascment
complex and sedimentary aquifers are presented in Table
Jand Fip 4.

lacementvosapdes ton ko aite Dy apgeeaats Cadan
v exade charged water and the retatevely slow i
squifer Mow rate resulting inlonger rock-wuter indcraction
cause waict in the bascinent aquifers to acquire mone
dissolved constituents. Comparatively, the sedimentary
aquifers materials arc mainly ransporicd, reworked and
sccondary material with not as much constituents (o be
thssolved {(Idowu and Ajayi, 1993). 1o lhc‘sludy area, the
resultebinned alsomdwatchigh TDS inbascmentcomples
airca than that of sedimentary arca, apart fram Sufphatce
and Nuvate, aft other parameters are higher in water from
bascmeni complex thanthose lmom scdimeni y tersan, A
similar resulis as obtained by Udewu and Ajayi, 1995)
Their work was aim at providing msight into the basic
control of geology on the nature ol groundwicer
occurrenceimboth basementand sedimentary cnvironiments
of southwestern MNigeria. In thor final tesulls 0 was
vbscrved that apart lrom Silica and Nivate, ail other
parameters tested for have higher conceiration in waler
from basement complex than those Hom scdimentary acit
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Table 3. Comgrarisan of waler chemistey parmmelers
BASENENT COMPLEN SERIMENTARY TERIGAIN
PARAMETERS RANGIE MIEAN STD IANGTE MEAN STTD
Calcium 11.2:41.0 7.8 123 s | 158 3
F1*«1.-|gncs.iuan 1.9-19.4 iz 7.2 5228 0.9 01
Sodium 27.159 w7 50 09143 62 45
fron 0.1-07 0} 02 AR A . 03 Q2
Nitzate 26-4) 3o 07 ‘ 2887 3.3 22
Chlarine 51259 144 70 10T Lrn o0
Dicarbonate 20-65 50 179 030 122 5o
Sulphate 1519 1.8 01 1020 1.9 01
pli 0.2.7.6 70 0.3 6476 0o . 0.4
TDS 73428 2600 1353 23473 (634 177
Conductivity 1 H0-705 115.2 2072 385 26 18
Tutal hardness 36-184 103.6 - 35 12100 g2 (i

70%

50%
50% -
40%
30% -
20% -
10%

0%

0 & O
My =

Fig, 4. Companson of chemical and physical arameters of sater samples frem the sty arcas.

Conclusion and recomimendation

The groundwater system in the area is cssentially normul
carthalkaline water (Ca- My and predominantly ol HCO
giter type HCO 7 - 50O waler type and <07 waier
type. The surface and ground water resotrees o the siudy
atca ave suitable for domestic (dunking) purposes. Ths is

A

I Bascmentvomples 2 Sedimeniny wrrnnn

due to the factihan the repie voacentrations fall wathin the
permissible feval as campared with the World Tiealth
Orgamzanon OV O standard. A
Theconelinoabetween Cland NO™ s 0081 et
and poory whole it between CFoand TS s 1) K22

toneet and voodi These twaresults show that there s ng
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visible pollution of the watcr jesources m the stady wica
(Aviya, 2004).

The total ionic concentiation is shehily higher i the
water obtained lvom basement complex than that obiacd
from scdimentary tcinmn, This may be due 1o the
mmcmlog_icnlcumpusilionuﬁhc aquifersumits, Fnallyon
canbeconcluded thatthere is aweak rclation

the geology of the area and the water chenus
sampied from the mea,

aweocn

ool wenied

The diffcrence in aquifors mntenial e Cowd anthe
chenustry of the groumdwitier tesources ound on the

study area, As such it can be conchuded thay there s a

stionprelationshipbeta eenthe gealopy of the areaamine
sorer chennstoy fownd sothun the wica

s recammended that bactenological analyse he
carried outin the dudy area o aseeitam level of polluinon
of hoth the surdace and underground water that cannog be
detecred Mdetormened through therr physical and chienneal
analysrs i the study area.

Fovalis s rescarchow ok has wiven basclioc m{vnnatien
an the phvsical and chemical propenies of proundwatcom
thetwedifferentgeological covuonments, which will help
e erounds ater explovaton and ceploition in e neaiesd
futine i the stdy s,
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