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Introduction

The groundwater potential of Doma and its environs is 
of great interest to hydrogeologists because of the 
growing population, the increasing economic and 
agricultural activities taking place in the area. Doma is 
home to Olam farm, the largest rice farm in Africa, 
Doma Dam and lots of commercial farming which 
consumes a large landmass of the area. These tend to 
attract people and increase pressure on the water 
facilities in this area. Groundwater in this area should be 
studied and managed effectively to accommodate the 
growth and development taking place in this area.

Among people that worked on the hydrogeology within 
and around the Studied Area are Offodile (1992), Adanu 
(1981), Aku (1983), Ancho (2010) Akaamaa et al 
(2012), Nwabineli et al (2012), Ma"aji (2014). This 
work is aimed at determining the groundwater potential 
of Doma and its environs as well as updating the 
lithology of the area with the following objectives;

Production of a detailed geological map through 
fieldwork and interpretation of the LANDSAT imagery 
and geophysical data within the Studied Area, 
measurement of the water table in wells located in the 
area and construction of the water table configuration 
maps of the area, for both dry and wet seasons. 
Lineament analysis of groundwater in the studied area.

The Studied Area

The Studied Area is located on the Lafia Formation, part 
of the Middle Benue Trough. It is contained between 
latitudes 8°15´00" N and 8° 30´00" N and longitudes 8° 
15´ 00" E and 8° 30´00" E, with an area of 772 km² . The 
Studied Area is located within the Guinea Savannah 
zone and characterized by moderate rainfall 
(1111mm/a) and tropical climate (Nigerian 
Meteorological Agency, Lafia 2015). The average 
temperature is 28°C (Nigerian Meteorological Agency, 
Lafia 2015). The area is flat and low lying with few 
occurrences of ridges. It is covered by shrubs, small and 
large trees. The forest reserve in this area is partly 
destroyed by human activities with most of the area used 
for farming activities. These poor land use practices 
which destroy the vegetation of the area reduce the rate 
of infiltration and increase surface runoff. 

Materials and method

Equipment used for the fieldwork include;

Satellite navigator, measuring tape, geological 
compass, topographic maps, etc. Relevant works done 
on Doma sheet were reviewed. Some hydrogeological 
data such as rainfall data and other relevant materials 
were gotten from NIHSA, NIMET and NEMA. 

The fieldwork was carried out at the peak of wet season 
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(October, 2015) and at the peak of dry season (April, 
2016) in the area.  During this survey, sites were 
investigated for possible exposures, static water level of 
wells were measured to determine the depth of water 
table and the elevation to groundwater table was 
recorded and the ground surface and coordinates were 
measured using  the Global positioning system. 
Geological mapping was carried out and attention was 
given to rocks exposure which was traced through river 
channels, road cuts, footpaths etc. 

To construct the groundwater elevation maps of the 
Studied Area, data of the static water level of wells 

measured in the field is required; these data are being 
subtracted from the elevation of the topographical map 
of the Studied Area. This is done for both wet and dry 
seasons and a map constructed to determine where the 
elevation of groundwater stands at both seasons. This 
groundwater elevation map is used to contour points of 
equal elevation of wells measured in the Studied Area. 

The lineament density map is computed based on the 
2

number of lineaments per unit area (number/km ) of 
grid. Softwares such as Arc GIS 10.4, ENVI 4.5, Global 
mapper 15, Rock work 15 were used in plotting rose 
diagram and lineament density map to further analyse 

Fig. 1: Location map of the Studied Area.
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The lithology of the area was observed from the few 
exposures created by rivers, wells and from road cuts. 
Sandstones in the Studied Area were mostly observed to 
be interbedded with mudstones. Though at some 
locations, sandstones occur above clayey sand and 
mudstone. From the plate above, (N8° 22' 45.1" and 
E8°21'12.8") a section of 4.0 m thick of exposed 
lithology was observed. The mudstone which lies 
underneath is 1 m thick. This is overlain by clayey sand 
of 2.8 m and the topmost layer is 0.2 m of ferruginised 
sandstone.  The sandstone in the area is coarsening 
downward as shown in plate 2 below. The exposures of 
the mudstone at the surface are not mappable because 
they occur in thin layer at different portion on the 
surface.

Plate I: An exposure of Lafia Formation on a road cut along Doma-
Yelwa Ediya road  N 8° 22’ 45.1” and E 8°21’12.8”

the lineament map.

Results and Discussion

General Lithology of the Studied Area
 
Facies

The lithological facies that are found to occur within the 
Studied Area include; Sandstone, Clayey-sand and 
Mudstone.111

Fig. 2: Sedimentary log of the lithology at Yelwa Ediya road N 8° 22’ 
45.1” and E 8°21’12.8”

Plate II: An exposure showing sandstone coarsening downward along 
Doma- Yelwa Ediya road at longitude N8° 22’50.1” and latitude E8° 
21’13.2”  

A well at Angwan Yara Mada (N8° 17' 14.0" and E8° 28' 
32.1") shows a similar lithology of medium grained 
sandstone from the bottom to mudstone then clayey 
sand overlies the mudstone with the thin strata of 
sandstone cutting in-between the clayey sandstone. 
Sandstones covers more than 80% of the Studied Area, 
In general, the lithology of the area is underlain by 
mudstone then clayey sand and at the top is the 
sandstone. 

The sandstones in the Studied Area occur as coarse and 
medium grained majorly in the central part of the area 
but mainly as fine grained in the other part of the area. 
Though generally, the sandstone occur in all grain sizes. 
The angular shape of the sandstone shows they were 
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On the cross section A-B is a straight line cutting across 
the lithology in the area showing the cross sectional 
view of the subsurface geology. It is produced from the 
geological map of the Studied Area (Figure 3). From the 
cross section, the clayey sand is lying below the 
sandstone of the Lafia Formation at an angle of 10°.

Evaluation of Hydrogeological Maps

The data from table 2 is used in the construction of the 

groundwater table configuration maps in figure 6 and 7.

A cross section is taken across the groundwater 
configuration maps to produce the hydrogeological 
cross section A-B of the Studied Area as seen in Figure 
6.

Recharge and Discharge in the Studied Area

The groundwater contours in the studied area are higher 
at the south eastern and central part of the Studied Area 
with the highest being 240 masl high and lowest being 
90 masl. Areas with higher topographical contours are 
usually the recharge areas and areas with lower contour 
are the discharge areas because water tends to move by 
gravity from area of higher elevation to lower elevation 
(Ma"aji 2014). 

The groundwater contours are evenly spaced which 
indicate the permeability of the area. During the wet 
season the recharge in the Studied Area is higher than 
during the dry season as seen on the rise in water level in 
all wells in the Studied Area this is because the aquifers 
in this area is recharge mainly by rainfall. 

The discharge in the area is mostly as a result of 

transported over a short distance. The clayey sand is 
mainly fine grained as clay minerals are always fine in 
texture mixed with different grain sizes sandstone 
(coarse, medium and fine) while the mudstones are 
always fine grained. 

Geological Map and Cross Section 

From the geological mapping of the Studied Area, the 
major area is covered with Lafia sandstone with some 
occurrence of hills in a few portion of the area and on the 
south western portion there is the exposure of Lafia 
clayey sand.

Fig. 3: General geological map upgraded in 2016 by Agidi Brenda 
Miseh. Legend: 1-Lafia Formation-sandstone. 2-Lafia Formation-
clayey sand

Fig. 4: General Geological map of the Studied Area after Nigerian 
Geological Survey 1964.
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Table 2: Measurement of depth to watertable in hand dug wells and some boreholes at the end of dry and wet seasons
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Fig. 6: Groundwater table configuration map at the end of wet season. 
Fig. 7: Groundwater table configuration map at the end of dry season 
by AGIDI BRENDA MISEH.
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abstraction from hand dug wells for domestic use and 
also for irrigation. As a result, groundwater is being 
depleted fast during the dry season because the rate of 

discharge from hand dug wells for domestic purpose and 
for farming is greater than the rate of recharge (rainfall) 
which is unavailable.

Fig. 8: Hydrogeological cross section through groundwater table configuration maps at the end of wet and dry seasons. For location, see 
Figure 5 and 6.

Lineament Analysis and Interpretation for Assessment 
of Groundwater Potential

The lineament analysis for the exploration of 
groundwater in the area shows the concentration of 
lineaments and lineament density in the northern part of 
the study area than the southern part of the area (Figures 
9 and 11) and this implies that groundwater potential is 
higher in the northern part of the study area than in other 
part of the Studied areas. The lineaments as seen in 
Figure 9 coincide with the drainage on the geological 
map though availability of groundwater in sedimentary 
rocks is controlled mainly by porosity and permeability.

The rose diagram of the Study area shows a NNE-SSW 
major trend and a lesser trend of the lineaments in 
NNW-SSE and NW-SE as shown in Figure 10 which 
correspond to the lineament analysis. This is similar to 
the work done in Michigan by Alonso-Contes (2011) 
and Mogaji et al. (2011).

Conclusion

The Studied Area is underlain by Maastrichtian Lafia 
Formation of the Middle Benue Trough. It comprises of 
mudstone at the bottom, overlain by clayey sand then 
sandstone at the top of the formation. Sandstones covers 
more than 80% of the Studied Area, the sandstone which 
are highly ferruginised occur in coarse, medium and fine 
grained while the clayey sand and mudstone are fine 
grained.

Depth to hand dug wells were measured at the peak of 
dry and wet seasons in the area with the deepest and 

Fig.  9: Superimposition of Lineament map on groundwater map of 
the Study area
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Fig. 10: Rose Diagram in the Study area

Fig. 11: Lineament Density map of the studied area.

shallowest water level at 25 m and 4.2 m for dry season 
and 23.2 m and 3.1 m for wet season.

From the interpretation of the groundwater contours, 
the area is permeable.  The recharge in the area is 
higher during the wet season because the aquifer is 
mainly recharged by rainfall.

From the interpretation of the lineament analysis result 
for groundwater exploration in the area shows that 
groundwater potential is higher in the northern n part of 
the study area than in other part of the studied areas. 

The rose diagram of the Studied area shows a NNE-
SSW major trend and a lesser trend of the lineaments in 
NNW-SSE and NW-SE which correspond with the 
lineament map.
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