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Abstract 
Five borehole cuttings were gotten from five residential (private) houses in Uselu community. The 
study area is located within Latitudes N06°22’N to 06°28’Nand Longitudes 5°36’E to 5°37’E in the 
Benin flank, which forms part of the Anambra Basin (Western extreme of the Anambra Basin). The 
study was carried out to determine the likely borehole depths, the flow direction and drainage pattern 
in part of Uselu and environs using the cutting samples to reconstruct the lithologies. From the study, 
the lithologies were laterite, sandy clay, clayey sand, fine grained sand and coarse-grained sand which 
is indicative of the Benin Formation. The depth of the borehole ranged from 60m to 70.1m. Based on the 
drainage of the study area and from the values of the static water level contour map on the topographical 
map of the study area, the drainage is dendritic with the flow direction towards the south eastern area, 
towards the direction of the main river body (Ikpoba river) in Edo State, Nigeria. 
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INTRODUCTION  
Hydrogeology is the study of the occurrence, properties distribution and movement of water 
on and below the surface of the earth. It is an important element of physical environment and 
how it generated from different sources (Rawlings and Matthew, 2019).  It is studied in one 
form or the other by practitioners of various disciplines concerned with physical environment. 
Water is generally defined as a universal solvent; it occurs in various forms and locations in 
the environment and these are connected together by complex process to form what is known 
as the hydrological or the water cycle which forms the bases of hydrogeology. 
 
Hydrogeology generally is a broad and interdisciplinary science which has four branches such 
as surface water and run off, groundwater, snow and ice limnology. Aquifer, a part of the 
hydrological cycle, is an underground layer of saturated water bodies that are permeable and 
porous. These bodies are rocks. The study of these aquifer flows and their characterization is 
called Hydrogeology. Benin city metropolis, it is difficult to find a house without a borehole 
and we the increasing population, the need for water is increasing thus leading to an increase 
in demand for Boreholes (Omoregieva et al., 2016 and Andre-Obayanju, et al., 2023). A unit of 
rock or an unconsolidated deposit when it can yield a usable quantity of water is called an 
aquifer (Alabi et al., 2010). It was also noticed that the main source of water for the people in 
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Uselu includes boreholes, rain harvesting, ground storage tanks, elevated tanks and probably 
from rivers from neighboring villages but no river was recorded at Uselu. Akujieze and Oteze, 
2007, say that the aquifers in Benin are usually shallow owing to the proliferous Formations. 
This study was carried out to determine the depth to water, its lithology through 
reconstruction using the borehole cuttings, and also, to determine the static water flow and its 
flow direction as well as depth level at which a borehole dug can ascertain clean portable 
water. This study would also be useful to the local drillers as well as the government for water 
development in sustaining the area and its environs. 
 
STUDY AREA 
The study areas include Uselu Quarters and adjoining streets in Egor Local Government Area 
of Edo state. The area is located within longitude E005°36’33.7” to E005°37’12.9” and latitude 
N06°22’0” to N06°28’25.9”. Notable features in the area include the popular Edaiken (Uselu) 
market, Local Government Council Secretariat, traditional ground, Uselu shell and five 
junctions. Generally, the area is low-lying with a gentle slope towards the south. 

 

 
 
Fig 1:Map of the study area. 

 
Geology of the study area is represented by the Benin Region is underlain by sedimentary 
formation of the South Sedimentary Basin, the geology is generally marked by top reddish 
earth, composed of ferruginized or literalized clay sand. Parkinson (1907). The 
lithostratigraphy of the Benin Formation (Miocene- Recent) is characterized by 90% sand, 
conglomeratic gravels (pebbles and cobbles), clays, peat and lignite (infrequent; occurring 
as beds or dispersed fragments) deposited in a continental coastal plain (fluvial) 
depositional setting (Nwajide, 2013). The sands of the Benin Formation are dominantly 
coarse grained; poorly to moderately sorted, sub angular – to well rounded, generally 
loose (although weakly to moderately cemented in some areas) becoming progressively 
finer with abundant clay, some peat/ lignite and ferruginous bands towards the top, 
which is commonly reddish due to Fe-oxide coating. The sedimentary sequences are 
poorly bedded with discontinuous clay horizons at various depths. It is estimated to be 
about 800m thick under Benin City and about 1,830m near the sea shore sections of the 
formation. Akujieze (2004). Benin formation, almost all of which is water bearing is one of 
the prolific aquifers in Nigeria.  
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MATERIALS AND METHODS 
Five (5) drilled boreholes ,well distributed and well-spaced apart due to the available 
boreholes,  were sampled within Uselu community. Five (5) logged borehole cuttings samples 
were collected for Lithology reconstruction.  
 
Materials 
The instruments used were metal meter rule and tape, the Global positioning system (GPS) of 
type 310, sample bags and mastering tape, log chart. 
 
Field Analysis 
With the aid of a metal meter rule and tape, the depths to the water level in the boreholes were 
measured and recorded. The Global positioning system (GPS) of type 310 was used to 
measure the longitude, latitude and the surface elevations with respect to the mean sea level 
to the lowest surface within the earth. The surface elevation at different point varied. The 
depth at which water began to seep into the hole would indicate that the surrounding material 
was saturated with water and this would mark the depth to water level in the well 
(Buddemeier and Schloss 2000). The formula below (equation 1) was used to calculate the 
static water level. 
 
Swl = E - DHDW      -------------------------------------equation1 

Let Swl = the true or uniform water level otherwise known as the static water level in the case 
of an unconfined aquifer then  
 DHDW = the depth from the surface of the earth to the water level in the bore hole (Direct Bore 
hole logging). 
E = the surface elevation with respect to the mean sea level. 
This would be used for the re construction of the Lithostratigraphy. 
 
Sample Collection 
A total of five borehole samples made up of five to six different cuttings were collected while 
drilling. Each cutting was collected at a depth from where each formation was first observed 
to when it began to phase into another formation, the depth of each formation is measured by 
how many bits are used. Each drilling bit is about 10feet high. The field identification is used 
for identification of the formations using Visual and comparing with the log chart. And then, 
they were transferred to the laboratory for grain size analysis and reconstruction of the 
lithostratigraphy. 
 
LABORATORY ANALYSIS 

1. Sieve analysis (grain size distribution) 
The soil samples were oven-dried and then made ready for the grain-size analysis. 
The mainequipment used are beam balance, mechanical sieve shaker, metal trays, set 
of sieves, and brush for cleaning the sieves. The sieves were arranged in order of 
reducing aperture. (100g each of the soil sample was used throughout the analysis). 
The air dried of the sample was necessary to reduce the moisture content and to 
facilitate easy passage of the grain through sieves. The set of sieves were shaken for 5 
minutes for proper sieving of the soil sample. After this time, the material retained 
on each sieve was transferred in turn to the pan of a suitable balance on to a 
container. Any particle logged in the aperture of the sieve was removed with a 
brush.  

2. Hydrometer Method  
51g air-dry soil was (<2mm) into 250ml beaker with 50ml of Calgon (Sodium 
hexametaphosphate phosphate + Sodium Carbonate) and 100ml of distilled water 
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was added and stirred vigorously for 1minute with a glass rod and allowed to stand 
for 30 minutes. The suspension was transferred into a mixer and mixed for 15 
minutes at a medium speed. The suspension was transferred into a sedimentation 
cylinder and made up to 1litre mark distilled water. Mix the suspension in the 
cylinder by several vertical movements of the plunger. Place the cylinder on a flat 
surface and check the time.The first reading was taken after 40secs by sliding the 
hydrometer slowly into the suspension, and thereafter temperature reading taken. 
The second reading was taken 2 hours later and was calculated to determine 
percentage clay. 

 
The results from the particle size analysis and Hydrometer were used to calculate the 
percentages of sand, silt and clays. 
 
 
RESULT AND DISCUSSION 
 The results of the borehole analyzed are discussed below: 
TABLE 1: RESULTS OF SAMPLED BOREHOLES 

Borehole Location  Longitude  Latitude  Elevation(m)  Static water 
level(m) 

Correcte
d water 
level(m) 

1 Hensmor filling 
station, Uselu market. 

06º22’25.9” 005º36’50.7” 98 47 51 

2 Asemota street behind 
Egor L.G.A Secretariat, 
Uselu. 

06º22’18.0” 005º36’46.1” 96 48 48 

3 Emos street off mela-
motel road, Uselu 

06º22’23.6” 005º36’33.7” 98 49 49 

4 Akoda street off Iyase, 
Uselu. 

06º22’01.3” 005º37’07.5” 99 52 47 

5 Ohordua street off 
Edaiken primary school, 
Uselu. 

06º22’13.9” 005º37’12.9” 97 51 46 
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Fig 2: Grain size analysis for Borehole 1 
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Fig 3: Grain size analysis for Borehole 2 

 
From the Grain size analysis, the percentages of Sand to Silt to clay are 72:18:10 while the 
percentage ratio of coarse, medium to fine sands is 33:17:22. In drilling, the aquifer is 
encountered when coarse sand grains are observed which can be seen at about 60-70m in 
depth (see Table2 and Fig 2-3).We know aquifers are porous and permeable, must have seals 
to keep the water in the formation. The rocks that fit into this category must be sands. From 
our result the sands are about 65- 72% and have the fines which acts as seals. 
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TABLE 2: SOIL PARTICLE DISTRIBUTION 
BOREHOLE DEPTH  

SANDS 
(%) 

 
SILT 
(%) 

 
CLAY 

(%) 

 
%FINES 

(SILT+CLA
Y) 

 
SOIL 

 
COLOUR 

0-72ft/0- 22m 53.19 28.01 19.8 47.81 laterite (top soil) Reddish brown 
Lateritic overburden 

72-144ft/22-44m 36.80 38.18 26.02 62.2 sandy clay Light brown to white 

144-180ft/ 44m-55m 65.75 25.20 8.05 33.25 clayey sand Whitish brown 

180-198ft/55m-60m 66.55 18.4 10.05 28.45 fine grained sand Whitish 

198-230ft/ 60-70m 72.01 18.09 9.9 27.99 coarse grained sand Clear white (Aquifer) 

 
 
Table 3: cutting from one of the drilled boreholes. 

LITHOLOGY COLOUR SOIL 

 

Reddish brown  
 

Lateritic overburden Laterite 

 

Light brown to white  
  

Sandy clay 

 

Whitish brown   
  
 

Clayey sand 

 

Whitish     
 

 medium coarse grained sand 

 

Clear white (Aquifer)  
  

 

Coarse grained sand 

 
 
From the lithologic logs and works of Omoregieva and Imasuen (2018), Idehai and Egai (2014) 
and Akujieze and Oteze (2007).It is seen that generally in the Benin metropolis mainly four 
lithology  must be encountered to get to the aquifer and they are Lateritic sands, Sandy clay, 
Clay and coarse sands and this corresponds with our research (tables 2&3). 
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Fig 5:  Reconstructed lithologic-log of borehole of the study area 

 
Using Surfer-8 Terrain and Surface Modeling Software, equal values of the static water levels 
were joined together very carefully such that none of the lines overlapped or cut across each 
other as shown in Fig 5.Using lithological correlation, borehole 1 to 5 were reconstructed as 
follows: laterite (top soil) (0-72ft), sandy clay (72-144ft), clayey sand (144-180ft), fine grained 
sand (180-198ft) and coarse-grained sand (198-230ft).The depth to water table of each borehole 
was borehole1(67.056m), borehole 2(68.2752m), borehole3 (70.104m),borehole4 (67.9704m) 
and borehole5 (60.96m). from these, we can delineate the depth to aquifer as between 60- 
70.1m 
 

 
 
Fig 6: Water table contour map of the study area showing the flow direction. 
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Drainage pattern tells us about the type of river flow and the type of formation encountered 
i.e. sedimentary environment using lithology and permeability. The water table contour map 
of the study area looks dendritic and this correlates to the lithology in the study area which 
issedimentary in nature made up of mostly sands, silts and little clays from the results See fig 
2, 3 on particle analysis.  
The values of the static water levels were contoured on the map of Uselu. According to 
Buddemeier and Schloss (2000), ground water would flow from the highest values of contour 
lines to the lowest values in a direction perpendicular to the contour lines. The Flow pattern 
of the aquifer system from the study revealed that the groundwater moves down gradually 
to recharge the South eastern parts of the area as shown in Fig 6.Suggesting that the 
underground water generally flow towards the direction of the main river body (Ikpoba 
River) in Edo State, Nigeria. 

 
 
CONCLUSION 
From this research, the water elevation contour map of Uselu community revealed that the 
groundwater flow direction is toward the south-eastern part of Uselu community, suggesting 
that the underground water generally flow towards the direction of the main river body 
(Ikpoba river) and the likely formations to encounter are laterite, sandy clay, clayey sand, fine 
grained sand and coarse grained sand.In the Uselu axis, whenever the fine-grained sand to 
coarse grained sand is reached when drilling a borehole, it means an aquifer is about to be 
encountered and this is usually within the depth of 60-70meters(198-230ft) which corresponds 
with Idehai and Egai, (2014), Aladin et al., (2023), who both used geophysical exploration. At 
the said depth, it is therefore recommended that when drilling for water, the hydrogeologist 
and his team of drillers should drill within the south-eastern part of the region  from 
60metersbecause of its recharge and being that the Benin formation has the best potable water 
reservoir. 
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