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ABSTRACT

Recent studies have revealed that groundwater contamination is dependent on the porosity and permeability of the
overlying and underlying bed rocks and the mineral composition of the aquifer geometry with respect to depth.

This study became important due to several reports on groundwater contamination and in order to understand the
mineral composition and the grain sizes of the aquifer in the study areas. Two boreholes were drilled 4.2km apart;

one at Okabere and the other at Evbuabogun community both in Ikpoba-Okha Local Government Area of Edo State.

The communities have been merged with the capital city as a result of urbanization and population growth. Grain

size and heavy mineral analyses were carried out on the soil samples collected from the boreholes at an interval of
151t The results obtained indicate that the heavy minerals in Okabere borehole is dominated by Zircon,

Tourmaline, Rutile, Biotite and Garnet while Evbuababegun borehole is mainly of Zircon, Kyanite, Rutile, Staurolite,

Garnet and Tourmaline which indicate that the sediments were of igneous and metamorphic origin. Grain size
analysis of both wells show that mean, inclusive standard deviation, skewness and kurtosis generally indicates very
coarse sand to medium sand; very well sorted to moderately sorted and very platykurtic in nature. The foregoing
revealed that the aquifer geometry of the study areas Is unconfined and vulnerable to contamination. It is
recommended that groundwater quality assessment study should be carried out in order to determine the
potability of the groundwater bodies.
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1. INTRODUCTION

Sedimentology is of increasing importance in
environmental research, particularly environmental
pollution studies, where past trends in environmental
processes need to be combined with data on present
conditions to predict likely future changes—the past
and present as a key to the future [1]. Sedimentology
is an important branch of geology and its use in Water
management, pollution studies of
underground water bodies and depositional
environment cannot be over emphasized. The
assumptions that groundwater is clean and drilling
should be done blindly are acts of ignorance and the
consequences far benefits.Basic
sedimentological data should form part of any

resources

outweigh the

assessment of potentially contaminated sites and part
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of investigations into the dispersion and trapping of
contaminants in fluvial systems. These data are also
required for rational environmental management to
ensure that planning decisions are compatible with
constraints [1].
Sedimentological examination of subsurface borehole
sediments play a major role in groundwater study and
help to decipher the depositional environment using
basic principles of geology[1-4]. The stratigraphy of a
terrain plays an important role in groundwater

natural environmental

contamination especially when the aquifer geometry
is unconfined [5-7]. If an aquifer is unconfined and
shallow, there is a high probability of vulnerability to
contaminants of whatever source and kind, especially
when they are close to area of high population density
with high anthropogenic activities [8]. Omorogieva
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and Imasuen [9], Joshua and Oyebanjo [10] revealed
that sediments originate from the near surface,
exposed igneous, volcanic and sedimentary rocks.
Some of these are easily eroded, whereas others,
especially the crystalline and metamorphic rocks, are
affected by streams only when altered in the surface
[11]. In line with the mandate of World Health
Organization (WHO) and United Nations Children
Education Fund (UNICEF) for everyone to have access
to clean water under the programme of Water
Sanitation and Health (WASH) particularly children
and those living in the rural community and suburb.
This study was initiated in order to evaluate the
stratigraphy and heavy mineral composition of
sediments from two boreholes in two notable
communities in Benin City, Edo State, Nigeria. The
study contributes to groundwater system in the area,
facilitates policy maker in their decision making
process with respect to environmental management
plans, groundwater protection and management of the
study area in particular and the world in general.

2. METHODOLOGY

Evbuabogun and Okabere are suburb communities
within Benin metropolis and are located on the
coordinates N 06°1.6’ 23.6” and E 0050 39’38.9” and N
06°1.6'23.6” and E 0050 39’ 38.6” with an elevation of
76 and 85 meters above sea level (ASL) and depths of
45.72m and 54.86m respectively. Geologically, the
study area falls within the Benin Formation [12, 13].
The communities are residential quarters and the
inhabitants depend largely on groundwater for
consumption. Two boreholes
Evbuabogun and Okabere separated by a distance of
4.2km (Fig. 1). Sample were collected at 15ft interval
and subjected to grain size and heavy mineral
analyses with the aim of evaluating the lithology, grain
size distribution and heavy mineral composition in
order to determine the aquifer geometry, source of
sediment and its vulnerability to groundwater
contamination. The boreholes were drilled manually
using rotary method [14] while the grain size and
mineral analyses were analyzed using the standard
procedure as proposed by Folk [15]; Krishna [16];
Petti John et al, [17]; Rao et al, [18]; Anfuso et al, [19]
and Feo-Codecido [20]. The results obtained in weight
and cumulative weight percentages respectively were
represented in tables. The probability cumulative
curves were used to obtain statistical parameters
under the phi (@) system. These parameters were
obtained using the formulae for statistical parameter

were drilled at
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of grain size [21]. The grain size of sediment depend
largely on the character of the source rocks,
weathering processes, abrasion and selective sorting
during transportation. Sediment particles are
segregated according to their hydrodynamic
behaviour and depend mainly on the particle size.
Mean grain size is a reflection of the competency of
the transporting system [22, 23].
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Fig. 1: Location map of the study area

3. RESULTS AND DISCUSSION

The results obtained from grain size analysis were
used to calculate the cumulative weight percent which
was plotted against the phi values to obtain curves for
each of the sample. From the probability cumulative
curves, values of @5, @16, @25, @50, @75, 384 and 950
were obtained (Table 1 and 2) and used in the
calculation of mean, inclusive standard deviation,
inclusive skewness and kurtosis (Table 3 and 4).Table
4 and 5 summarizes the mean, inclusive standard
deviation, inclusive skewness, kurtosis and lithologic
description of the two wells respectively. The results
indicate that the grain size werecoarse sand;
moderately to well sorted, coarse skewed and
platykurtic (Table 4 and 5).The description above
suggests a fluvial environment of deposition with
moderate to high energy[23,26]. The sequence fine
upward which implies that the aquifers are protected
from contamination but this may not be correct as the
litho log and grain size analysis revealed that
subsurface strata were poor of clay materials. The
values obtained from the inclusive standard deviation
for Evbuabogun well, range from -0.08 to 0.840 with
an average of 0.484(Table4), the grain size are well
sorted, an indication that the sediments have travelled
an average distance from the source but not long
enough distance to achieve a very good sorting.
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Table 1: Summary of Percentile values drawn from the
Cumulative Probability Curve for Evbuabogun Well

Depth (i) @5 @16 @25 @50 75 @84 @95

0-15 055 01 04 10 17 19 26
16-30 -0.6 00 04 09 16 19 26
30-45 -19 04 01 07 13 16 24
46-60 04 005 03 08 125 15 20
61-75 05 01 03 10 15 18 23
76-90 24 15 10 00 10 13 22
91-105 -0.3 02 05 10 16 18 24
106-120  -0.6 00 03 10 17 21 27
121135 -08 -035 -02 02 07 09 125
136-10 16 -11 -08 -02 03 06 1.0

Table 2: Summary of Percentile values drawn from the
Cumulative Probability curve for Okabere

Depth(ft)y @5 @16 @25 @50 @75 @84 @95

0-15 0.5 0 02 08 12 18 20
16-30 08 04 08 12 17 20 26
30-45 06 03 07 15 14 19 21
46-60 05 00 03 08 12 15 20
61-75 05 00 02 08 13 16 20
76-90 -10 03 -01 05 11 13 19
91106 05 0.0 02 08 1256 15 20
106-120 -10 -04 -01 06 12 18 21
121136 07 03 -04 03 07 08 13
136-1%0 -11 06 -03 015 06 08 13
151165 02 06 075 1.1 14 16 20
166-180 -16 -115 10 -04 115 04 09

0. I.Imasuen, et al

The lithology of both wells are similar but vary in
certain areas, Okabere well has shale intercalations
which thins out towards Evbuabogun. The heavy
mineral studies revealed that zircon, tourmaline,
garnet, rutile, staurolite are dominant and their
presence indicate that the sediments originated from a
basement complex rock [11, 16, 24-25]. In Okabere
well, zircon is the most dominant mineral with
38.71% and rutile 22.58% respectively (Fig. 3).

LOCT Evbuababegum ‘Locz
Depth(ft) Lithology

11111

E=me—
Fig. 2: Correlation and lithologic description of the two
wells (boreholes)

On the other hand, the values obtained from inclusive
standard deviation for Okabere well range from -0.41
to 0.68 with an average of 0.4836 (Table 3) which
indicates moderately well sorted sediments which
have travelled less distance than the sediments of
Evbuabogun; since sorting improve with distance
travelled by the sediments. The result also implies
that the transportation of the sediments is from
Okabere to Evbuabogun which further buttress the
microscopic results obtained for Evbuabogun and
Okabere wells (Table 5 and 6) respectively.

In the computations shown in Tables 3 and 4, the
following formulae were used:

$16 + p84 + $50
mean = 3 €Y
Standard Deviation = 984 — P16 + 995 — ¢5 2
4 6.6
_ ¢95-¢5
Skewness = 2.44($75 — $25) 3)
Kurtosic — P16+ $84 — 2050
urtosis = 2($84 — $16)
?5 + $95 + 2650 .
20995 — $5) )
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6.45 9.68

19.35 .
M kyanite
M Zircon
8.71
3.23 m Rutile

22.58

Fig. 3: Percentage composition of all minerals in Okabere
well

m Zircon

m Tourmaline
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33.33

Fig. 4: Percentage composition of all minerals present in
Evbuabogun well
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Table 3: Result of the Grain Size Analysis of Okabere Well

Depth Std

S/N (f6) mean oo Skewness Kurtosis Description
1 0-15 0.870 0.680 0.038 0.614 Coarse sapd, moderately towell sorted, coarse skewed,
platykurtic.
9 16-30 1.200 0.670 0.667 0.820 Medium sand, mo@erately well sorted, strongly coarse
skewed, platykurtic.
3 31-45 0.710 0.650 0.522 0.574 Coarse sand, modgrately well sorted, strongly coarse
skewed, platykurtic.
4 46-60 0.770 0.600 -0.067 0.683 Coarse sand, modgrately well sorted, strongly coarse
skewed, platykurtic.
5 6175 0.800 0.630 0.367 0.559 Coarse sand, moderateliy well sorted, strongly coarse
skewed, very platykurtic.
6. 76-90 0.500 0.390 -0.056 0.369 Coarse sapd, well sorted, strongly fine skewed, very
platykurtic.
7 91-105  0.770 0.600 -0.067 0.585 Coarse sand, moderatelly well sorted, strongly fine
skewed, very platykurtic.
8 106-120  0.670 0.520 0.240 0.410 Coarse sand, moderately well sorted, coarse skewed,
very platykurtic.
9 121-135 0280 0.210 -0.322 0.342 Coarse sand, very poorly sorted, strongly fine skewed,
very platykurtic.
10, 136-150 0130 0.090 -0.350 0.273 Coarse sand, very well sorted, strongly fine skewed,
very platykurtic.
11, 151-165 1.100 0.520 0.100 1135 Medium s.and, moderately well sorted, fine skewed,
leptokurtic.
12, 166-180 0380 -0.410 2105 1.912 Very coarse sand, very well sorted, strongly coarse

skewed, very platykurtic.

Zircon also dominates Evbuabogun well with 37.50%
while tourmaline was the second in abundance with
33.33%. Some of the heavy minerals were sub-
rounded which suggest that the sediments were
reworked. Zircon is colorless to light pink, pyramidal,
rounded to sub rounded and broken fragments of sub
angular (Fig. 4 and 6). Tourmaline is honey-yellow to
light brown and pale green to dark grey, pyramidal,
angular to sub-angular prismatic grains while rutile is
deep brick-red to honey-yellow, sub angular to sub
rounded, weakly pleochroic and constitutes 22.58% of
the heavy mineral assemblages in Okabere and 4.17%
in Evbuabogun wells respectively. Other heavy
study biotite which
constitutes 8.33% of the heavy mineral assemblage in

minerals in this include

Nigerian Journal of Technology

Evbuabogun well they are flaky grains and are pale-
yellow to reddish-brown in colour. Garnet is one of the
least dominant heavy mineral, constituting 16.16% of
the heavy mineral assemblage in Evbuabogun well;
the grains are colourless to pale brown in colour.
Kyanite constitutes 9.68% of the heavy mineral
assemblage in Okabere well. It occurs as elongated,
colourless grains with rectangular outline. It does not
show much variation and are sub-angular to sub-
round while Staurolite constitutes 3.23% of the heavy
minerals found in Okabere well. Staurolite grains
exhibit various tints of golden yellow and brown
colour and occur as sub-angular to sub-round broken
fragments (Fig. 3 and 5).
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Table4: Result of the grain size analysis of Evbuabogun well.

Std . -
S/N Depth (ft) Mean deviation Skewness Kurtosis Description

1. 0-15 1.000 0.760 0.012 0.646 Vet fine gravel, moderately sorted,
fine skewed, very platykurtic.

2 16-30 0.930 0.760 0.053 0.649 Coarse sand, moderatel.y sorted, fine
skewed, very platykurtic.
Coarse sand, moderately well

3. 31-45 0.900 0.560 -0.775 0.409 sorted, strongly coarse skewed, very
platykurtic.
Coarse sand, moderately well

4. 46-60 0.780 0.600 0.248 0.690 sorted, coarse skewed, platykurtic.
Coarse sand, moderately well

5. 61-75 0.880 0.690 -0.172 -0.034 sorted, coarse skewed, very
platykurtic.

6. 76-90 -0.06 -0.080 -1.200 0164 verycoarsesandvery well sorted,
coarse sand, very platykurtic.

7. 91105 1017 0.720 0.039 0782 Medium sand, moderately sorted,

fine skewed platykurtic.

Medium sand, moderately sorted,
8. 106-120 1.030 0.840 0.429 0.615 strongly fine skewed, very
platykurtic.

Coarse sand, very well sorted,

9. 121-135 0.250 0.210 0.192 0.369 coarse skewed, very platykurtic,
Very coarse sand, very well sorted,
10. 136-150 -0.230 -0.222 -3.800 -2.552 strongly fine skewed, very

platykurtic.

a.Zircon b. Kyanite

d. Rutile e. Rutile f. Garnet
Fig. 5: Petrographic analysis of heavy mineral in Okabere well
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a. Zircon

c. Tourmaline

d. Staurolite

e. Rutile

Garnet

Fig. 6: Result of the petrographic analysis of Evbuabogun well.

Table 5: Result of the morphoscopic analysis of Okabere well

S/N Depth (ft) Lithology Colour Shape

1. 0-15 Sand Reddish Sub rounded to rounded.
2. 16-30 Fine sand Reddish Rounded.

3. 31-45 Medium to coarse sand Dark brown Sub rounded
4. 46-60 Medium to coarse sand Light brown Sub rounded.
5. 61-75 Medium sand Light brown Sub rounded.
6. 76-90 Medium sand Light brown Rounded.

7. 91-105 Medium sand Light brown Sub rounded.
8. 106-120 Medium sand Light brown Sub rounded.
9. 121-135 Coarse sand White sand. Rounded.

10. 136-150 Coarse sand Milkish Sub rounded.
11. 151-165 Very fine sand. Milkish Rounded.

12. 166-180 Very coarse sand Light brown. Sub rounded.

Table 6: Result of the morphoscopic analysis of Evbuabogun well

S/N Depth (ft) Lithology Colour Shape

1. 0-15 Very fine Sand Reddish Rounded.

2. 16-30 Fine sand Reddish Rounded.

3. 31-45 Medium sand Reddish brown Sub rounded

4. 46-60 Medium sand Reddish brown Rounded.

5. 61-75 Medium sand brownish Sub rounded.

6. 76-90 Coarse sand Brownish Sub angular to angular.
7. 91-105 Fine sand Milkish white Sub rounded to rounded.
8. 106-120 Fine sand Milkish white Sub rounded to rounded.
9. 121-135 Coarse sand Milkish Sub rounded to rounded.
10. 136-150 Coarse sand Milkish Sub rounded to rounded.

0. I.Imasuen, et al

4. CONCLUSION

The grain size analysis revealed that the sediments are
composed of medium to coarse grain sands while
morphoscopic study revealed that the grain sizes were

Nigerian Journal of Technology

rounded to sub rounded which suggest closeness to
sediment sources. The sediments from Evbuabogun
well are slightly more rounded than those from
Okabere well; this indicates that Okabere well is closer

Vol. 35 No. 4, October 2016 984
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to the parent rock while Evbuabogun well is further
away from the parent rock based on the degree of
roundness. The degree of roundness reflects the
distance of transportation; hence the sediments can be
inferred to be slightly mature to sub mature for both
wells while the direction of transportation of the
sediments is suggested to be from Okabere to
Evbuabogun well based on the degree of roundness.
The coarse to fine grain sands indicate a low to
moderately high energy during transportation to
depositional site for both wells. The heavy mineral
analysis shows a dominance of Zircon, Tourmaline,
Rutile, Garmet and Staurolite; these heavy minerals
found in both wells are associated with igneous and
metamorphic source which indicates that sediments
from both wells are from basement complex rock.
Ultimately, the results obtained in this study shows
that groundwater within the study area is likely to be
vulnerable to contamination as a result of the absence
of clay materials capping the aquifer; however,
groundwater quality assessment need to be carried
out in order to ascertain the dportability of the
groundwater resources.
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