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ABSTRACT
Groundwater potential studies were carried out across Nabor Hwoll and its environs North Central
Nigeria using integrated geophysical, remote sensing techniques (RST) and geographical information
system (GIS) method to generate thematic maps that included elevation, drainage, lineaments and
vegetation index in order to characterize the attributes of groundwater occurrence across the area. The
results revealed that the lineament system is mainly rectilinear with major trends of NNE–SSW and
NE–SW on the biotite granite, NW–SE and NE–SW on porphyritic granite. The discharge zones in the
area are the lowland terrains underlain by gnessic and granitic rocks. Conversely, the recharge areas are
the high-lying terrains characterized by higher fracture density and underlain by porphyritic granitic
rocks. Landform is another crucial factor that guides groundwater distribution in the study area.
Similarly, variably directional discontinuities that are related to rock contacts are equally laden with
groundwater. Low lineament densities were found in the central and southern part of the study area,
while high lineament densities were obtained in the north and east extremes, and southeastern parts of
the study area. Groundwater yield in the study area is expected to be high in low lineament density areas
and low in areas of high lineament density. Generally, groundwater flows to the direction of decreasing
head. The flow direction however, conformed to the dominant trend of structures (NE-SW, NW-SE &
N-S) implying that the flow pattern is structurally controlled in the area.
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1. INTRODUCTION
Structures are imprints of deformation on rocks which are formed either during or after
the formation/deposition of the rock body. These structures include joints, fractures, dykes,
foliations, veins, folds, faults etc. Such structural features exhibit variable trends in conformity
with the general fracture pattern recorded in the Basement and Younger Granite province of
Nigeria. These structures are believed to have resulted from intense regional tectonism that
preceded and accompanied the emplacement of the Older Granites during the Pan-African
Orogeny which produced a well defined and extensive North-South trend in North central
Nigeria where Hwoll community and its environs is situated. The dominant trend of N-S and
Northeast-Southwest in the area corresponds to the general trend of Precambrian to Cambrian
rocks in Nigeria and are termed as Pan-African in age. These rock bodies exist with lots of
discontinuities at several points on a wide range
These rock discontinuities are the structural elements that are collectively regarded as
lineaments when they are mappable over an area. Lineament can easily be mapped from the
outcropping rock sections. However, in areas where there are no outcrops and where the hard
rock have been weathered or buried by recent deposit and regolith, the structures are most of
the time invisible and undetectable, except by applying remote sensing techniques (RST). The
principle of remote sensing revolves around the physical attributes of natural ground objects in
response to their distinguishing abilities to reflect, emit and absorb different intensities of
radiation at different ranges of electromagnetic wavelength. The use of satellite imageries is
one way of applying RST for groundwater investigation, and it has been found to be helpful for
regional groundwater exploration of terrains with large area coverage (Pierce et al., 1993;
Tiwari and Rai, 1996; Ravindram, 1997; Nag and Chakrranborty, 2003; Nag, 2005; Shaban et
al., 2006; Tweed et al., 2007; Rahiman and Pettinga, 2008). Carrying out such studies is
important because processed satellite data obtained from field studies enhances structures that
are probable host for subsurface water and are also used for mapping sub-regional surface
geology of an area of interest (Nwankwoala et al., 2016). This is an indication that the use of
satellite imagery is an indispensable tool for reconnaissance geological survey, structural
interpretation, image classification for lineament delineation and ground trotting. Groundwater
reservoir, called an aquifer in basement terrain, is restricted to features produced by weathering
and tectonic processes (Bello and Makinde, 2007). To ensure maximum and perennial yield, it
is important that a borehole is located where it can penetrate the greatest possible thickness of
regoliths, fractures, weathered rock formations, fissures and joint zones which are always
manifested structurally as lineaments on the outcrops. Additionally, syngenetic structural
discontinuities found in some area of study such as foliation and zones of rock contacts may
equally be zones of water transmission in hard rock terrains that need be penetrated by
boreholes since they are zones of weakness that are more readily susceptible to weathering
processes. The structural setting in the study area has greatly controlled the geological setting,
relief and drainage, geological boundaries and trend of younger rocks. In most parts of the
world, groundwater exploration in basement terrain have not been effectively managed, this is
due to its limitation to only local geological and geophysical studies followed by abstraction
from the crystalline rocks, with little rate (Omali, 2014). Over time, the application of remote
sensing methods in the identification of occurrences of groundwater has improved the success
rate in its development due to the the apt delineation of areas of prolific zones (Omali et al.,
2019; Omokpariola, 2021; Dawit, 2020; Christian, 2021; Tajudeen, 2019).
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The objectives of this study are to: (i) produce a regional structural lineament map of the
study area from remotely sensed data; (ii) determine the hydrogeological implication of the
lineaments by integrating them with the available ancillary data digital elevation models
(DEMs) and geological maps; (iii) analyze the lineament trend distribution of the study area
using rose diagram, lineament density map; (iv) use normalized difference vegetation index
(NDVI) analysis to correlate the potential of lineaments as recharge or discharge areas. This is
to provide information on the areas where untapped water resources may be located in future.

2. LOCATION AND GEOLOGY OF THE STUDY AREA

Figure 1. Map of Nigeria showing Plateau State and the study area, Jos North Local
Government Area
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The study area Nabor Hwoll is located in Jos North Local Government Area, at the eastern
fringe of Jos city, Plateau State Nigeria (Fig. 1). It lies between latitudes 9°55’45”N and
9°58’25”N and longitudes 8°39’06”E and 8°43’18”E. The area is accessible through Jos–Zaria
major road with other minor access roads and foot paths as well as cattle tracks which link
different settlements and villages and served as major links to outcrops during the field
mapping.
The Jos plateau lies precisely within the North Central basement complex of Nigeria. The
Basement complex rocks of the lower Palaeozoic to Precambrian ages underlie about half of its
entire landmass. The rocks are represented by gneiss-migmatites and intrusive into these
Basement rocks are the Pan-African granites and the predominant Jurassic non-orogenic
alkaline Younger Granites (Turner, 1976). The main lithologic units inherent within the study
area are megascopically described below and shown in Fig. 2.

Figure 2. Updated Geological map of the study area
(Modified after Bulletin 32 Naraguta Sheet 168NE)
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2. 1. Granite-Gneiss:
This rock unit occurs along the North-Eastern and South-Eastern parts of the study area.
These rocks are believed to have intruded during the Pan African orogeny. The mineralogy is
typical of granitic rock and gneiss
2. 2. Rukuba Biotite Granite (porphyritic)
The porphyritic biotite granite covers the NW-SW part of the area mapped, its texture
ranges from medium to coarse grained with minor variations that are granitic to granophyric.
The major constituents of the porphyritic biotite granite are the K-feldspars, biotite and quartz.
The colour ranges mostly from white to grey; comprising feldspars, quartz, hornblende,
muscovite and biotite.
2. 3. Dutsen kura Biotite Granite (medium grained):
This rock unit has a widespread distribution on the Plateau. They are usually elongated
bodies with approximately meridional trend and features suggesting emplacement by forcible
intrusion. In hand specimen the rock is medium to fine grained containing K-Feldspar as the
major constituent (about 40%) with addition of quartz and microcline in groundmass. The
contacts are abrupt and the marginal granites often show an increase in stress effects. The
distribution of this granite is related to that of shear zones. Shearing was also noticed on the
adjacent rock which suggests that shearing was concomitant with and related directly to
intrusion.
The Jos Plateau is a complex character in terms of its geomorphology and can be
considered in general terms as a gently undulating surface. Highest in the south-west and sloping
downwards to the north-east where marginal escarpment is lacking and merges into the Bauchi
plains. The average elevation of the Plateau is a little over 1176m with younger Granite hills
rising above this surface in places to 1305m (Fig. 3 and 4). The surrounding Kaduna-Bauchi
plains slope gently away from the upland areas and range in altitude between 588m and 882m.
In the south, the Benue plains approach the foot of the plateau escarpment at an altitude of about
441m.
The study area has naturally developed a trellis pattern of drainage (Fig. 5). This pattern
is typical where streams are actively down-cutting through crystalline rocks. The area is drained
by the Farin Gada river and surrounding streams. The streams and rivers in the area are seasonal
with the water having their highest flow in the rainy season around August and lowest flow
during the dry season around March.
The temporal variability of rainfall on Jos Plateau has significant effect on the status of
groundwater in the area. During the dry season very low levels of groundwater are observed in
wells. However, with the onset of the rains, the aquifers are recharged through direct infiltration
and plenty of water is available in the wells. Vegetation serves as a protective cover to the soil
against direct rain drop impact.
However, the scanty vegetation in the study area reduces the infiltration of the soils, and is
responsible for the marked time lag between the onset of rainfall and groundwater recharge to
aquifers.
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Figure 3. Topographic map of the study area
(Nigeria Geological Survey Agency, 1971)
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Figure 4. 2D Digital Elevation Model Map of the study area
(After Turner, 1971)
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Figure 5. Showing drainage pattern of the study area
(Nigeria Geological Survey Agency, 1971)

3. MATERIALS AND METHODS
Field surveys are crucial aspect for any detail geological and geomorphological studies
of an area. However, relying on field data alone provides limited information on the persistence
or spatial continuities of structures that are significant for groundwater occurrence and in most
cases might not be efficient for large area coverage.
Hence, the present study integrated field mapping, remote sensing methods and
application of geographical information system (GIS) techniques for extracting and inferring
both the geology and the hydrogeological unit (HGU) from available information, maps and
satellite imageries.
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3. 1. Field mapping
The geological studies involved the conventional mapping of rock units and
Measurements of the structural elements on outcropping sections with the aid of compass
clinometer. From this exercise, the available geology map of the area was updated and rock
boundaries were accurately fixed. Location coordinates of rock types and rock structures such
as fractures and faults and locally available information on other HGU including elevations and
locations of surface water bodies were taken on site with the aid of Garmin eTrex GPS.
These data were used as guides for interpreting information from the satellite images.
Satellite images are measurements of reflected solar radiation, energy emitted by the earth itself
or energy emitted by radar system that is reflected by the earth. For this study, the Landsat 7
ETM + image data was used (Suzan and Toprak, 1998). Table 1 below summarizes the
application of the Landsat spectral bands. Band 7 of this image data according to this table is
useful for the discrimination of minerals, rock and structural types. Images acquired in this band
have high information contrast i.e. There is large variation in the spectral response of materials
in the environment. This is because Band 7 is the least affected by atmospheric attenuation
compared with the reflected infrared bands.
Table 1. Application of the Landsat Spectral Bands (Global Land-Observing Program, 2003).
S/N

Band Designation

Spectral Bands Used
Useful for bathymetric mapping and distinguishing soil
from vegetation and deciduous from coniferous
vegetation.
Emphasizes peak vegetation, which is useful for
assessing plant vigor

1

Blue-green

2

Green

3

Red

Discriminates vegetation slopes

4

Reflected IR

Emphasizes biomass content and shorelines

5

Reflected IR

Discriminates moisture content of soil and vegetation;
penetrates thin clouds

6

Thermal IR

Useful for thermal mapping and estimated soil moisture

Useful for mapping hydrothermally altered rocks
associated with minerals deposits.
Note: Landsat 7 also carries a panchromatic band (visible through near infrared) with 15-m
resolution for “sharpening” of multispectral images.
7

Reflected IR

Fig. 6 below illustrates the image of this band over the study area acquired using Google
earth. The enhancement of the image was achieved using the image histogram equalization with
10% stretching interval. The stretched image was sharpened through the use of directional
filters in order to emphasize the linear features. The enhanced image show increased contrast
and sharpness between geologic features and improve the recognition of subtle differences. The
lineaments were extracted and analyzed with respect to the local geology and drainage pattern

-36-

World Scientific News 161 (2021) 28-44

since natural water course is invariably structurally controlled in the study area. These were
assembled to give the lineament map (Fig. 7). The lineaments extracted were also graphically
represented as lineament density map of the study area. This was achieved by a systematic
gridding of the lineament map into a network of equal squares of 1.5 km × 2 km and counting
the number of lineament within each square block. The lineament count within a given square
was plotted against the centre coordinates of the square, and the plotted counts were then loaded
in the SURFER 8 software.
The point data were automatically gridded using the kriging interpretation method and
contoured to obtain the lineament density map (Fig. 8). This method of representation shows
the contoured distribution of lineaments over the study area as it offers a quick glance of the
spatial distribution and density of lineaments and so provides a useful database in mineral
exploration, geophysics, hydrogeology, water borehole drilling, road and dam location and
alignments, environmental planning as well as potential hazard monitoring and control
(Odeyemi et al, 1999).

Figure 6. Showing satellite image of the Study area (Source: Google earth, 20/3/2020)
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4. DISCUSSION OF RESULTS
4. 1. Lineament Analysis
Lineaments are surface manifestations of structurally controlled linear or curvilinear
features which are usually identifiable on satellite imagery by their distinct characteristics of
straight tonal alignments. Fractures, joints, faults resulting from fracturing of brittle rocks,
straight course of stream and vegetation patterns which are examples were observed in rocks of
the study area. This lineament zones can result in increase in secondary porosity and
permeability in the terrain which will highly control the occurrence and movement of
groundwater. The results of the analysis are presented as lineament density map and rose
diagram (Fig. 7). The points around the tip of the NE, NW and SE in the figure shows more
lineament density compared to the other parts of the study area. The strike reading of joints and
faults on the biotite granite porphyries show a dominant trend of NE–SW. This dominant trend
of N-S and NE-SW respectively corresponds to the general trend of Precambrian to Cambrian
rocks of Nigeria Basement Complex called Pan-African in age. The areas within the map that
show high relief correspond with areas of high lineament density while areas of low relief show
area of relatively thick overburden characterized by low fracture density. Based on these
observations and using the lineament density map, the study area has been demarcated into
three zones of low, medium and high lineament density (Fig. 8). Low lineament densities are
found in the north-eastern extreme, southern and central parts of the area. High lineament
densities are obtained in the extreme north, west and south eastern parts of the study area.
Groundwater yield in the study area is expected to be high in low frequency zone and low in
high zone. The yield in the medium frequency zone is expected to be intermediate between
these two extremes.

(A)

-38-

World Scientific News 161 (2021) 28-44

(B)

Figure 7(A,B). Lineament map and Rose diagram of lineaments in Nabor Hwoll and its
environs.

Analysis of the Landsat image indicates NE-SW, NW-SE trends for majority of the
lineaments in the study area. In hydrogeological investigations, lineaments which represent
structures such as fractures and their densities are usually taken as target zones for groundwater
development (Odeyemi et al, 1999; Bala et al., 2000). Studies have shown that when assessing
groundwater potentials in crystalline rock, areas of extensive fracturing often coincide with the
broad depressions or valleys separating the area of high relief, although the fractures may not
be apparent on the surface. Thus high lineament densities mapped at the surface in a given
region are usually associated with areas of rock exposure, whereas low lineament density areas
characterize areas with thick overburden (Edet et al., 1994; Olorunfemi et al., 1999). To a first
approximation, in a situation where the outcropping rocks with high lineament density underlie
the area concealed by overburden, there is the likelihood that the groundwater yield would be
high, since the yield from the overburden would be enhanced by the secondary porosity
provided by the fractured rocks.
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(A)

(B)
Figure 8(A,B). Contour map and 3-D Plot of Lineament Density map of the study area
showing High, Medium and Low Lineament frequency zones
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4. 2. Vegetation index evaluation of lineament potential
The Normalized difference vegetation index has background theory whose index is based
on the difference in reflectance in the near infrared (NIR) and red bands of the electromagnetic
spectrum (EMS). Its valid results fall between -1 and +1. The higher values indicate more green
vegetation. Normalized difference vegetation index NDVI was obtained using;
𝑁𝐷𝑉𝐼 =

𝑁𝐼𝑅 − 𝑟𝑒𝑑
𝑁𝐼𝑅 + 𝑟𝑒𝑑

Boyer and McQueen (1964) established the usefulness of NDVI in detecting fractures
and faults which can be associated with the occurrence of vegetation alignment. In this study,
a thematic map that shows the vegetation cover and its alignment in the study area was
generated based on the theory above using ENVI 4.7 tool. The NDVI method was used to
identify and map geologic linear features (lineaments) in this hard-rock terrain based on tone,
color and textural identifying pattern.

Figure 9. Groundwater indication from colour composite NDVI image
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The NDVI colour composite of the area is presented in Figure 9 above and show pockets
of localized groundwater zones represented by lush vegetation occurring in some parts of the
study area and prominent around the NNW region where lush vegetation is linearly oriented
along the structural trend in that area. In addition, zones of recharge or water seepage signified
by riparian forests are found to be associated along some river channels.
The clustered nature of lush vegetation revealed that groundwater is found in diverse
lineament trends in these areas. On the other hand, there are evidences of occurrences of
groundwater in major lineaments at some locations. This conspicuous groundwater occurrences
trend NW–SE which corresponds with the trends of strike of the mega fractures in the location.
In this region, the underlying hard rock is banded gneiss, the foliation plane dips vertically and
the direction of mineral alignment is NW–SE.
The direction of alignment of the groundwater occurrence is the same direction at which
the mineral constituents are aligned in this area. This revealed that the directions of mineral
alignment in foliated rocks are likely zones of structural weakness for fracture generation and
potential zones of groundwater occurrence in the hard rock terrain. Despite the extensive
fracture associated with terrains underlain by porphyritic biotite granite, Rukuba boitite granite
groundwater occurrence is still poor.
This is shown by sparse vegetation cover and infrequency of riparian forest at central and
eastern regions (Fig. 9). This shows that the infiltrated water through the numerous fractures is
summarily transmitted into the adjacent low-lying terrains underlain by Aplo pegmatitic gneiss.
Regions associated with sparse vegetation suggest that the water level in the area is far from
the land surface. Groundwater occurrence is localized in small compartments. Rock contact
zones also show appreciable prospect for groundwater.

5. CONCLUSION
Lineament analysis as applied in hydrological studies attempts to define and delineate
zones of accommodation of fluids such as subsurface water in fractures. Lineaments are
mappable simple or complex (composite) linear features of a surface whose parts are aligned in
a rectilinear or slightly curvilinear relationship which differs distinctly from the parts of
adjacent features and presumably reflects as a subsurface phenomenon. The structures plotted
from the lineaments investigation shows NE-SW and NW-SE structural trend are the most
abundant in the study area.
These structures agree with the trends of Pan-African fractures and faults found in the
basement complex of Nigeria and with the measured trends of foliation and fractures. The
occurrence of groundwater in the study area is thereby guided by topographic and structural
influences.
The clustered groundwater occurrence at rock contact zones showed that the orientations
of the water-laden fractures are multidirectional. However, there are possibilities of locating
major groundwater zones along mega lineaments whose structural outline is defined by the
alignment of local rock foliation. The possible areas of weakness particularly their intersections
can be sources of high permeability channels for groundwater in the study area.
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