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ABSTRACT

This research show the significance of deep seated lineament in groundwater investigation around
llesha, Osun State in a basement complex terrain using satellite imagery remotely sensed and
aeromagnetic dataset. This hydrogeological investigation involved the extraction of lineaments from
Landsat Thematic Mapper (TM) satellite imagery and aeromagnetic lineament of the area. The
processed image revealled lineaments trending in approximately NE-SW direction; also, Landsat
and aeromagnetic lineament trends tend to agree in the study area, suggesting real continuous
fractures at depth. Lineament density maps were produced from the generalized lineament trends in
the area. The lineament analysis has been effectively done in a GIS environment and the results
justified that deep seated lineament (aeromagnetic lineament) is more significances in term of
groundwater studies. Moreover, if surface (landsat) lineament is the only available information, it
should be superimposed on topographical map for proper clarification and justification and also
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follow up by ground truthing. The lineament density maps of the study area were generally classified
into very low, low, moderated, high and very high in term of their groundwater significances. The
results from boreholes drilled across the entire study area, were used to validate the accuracy of the

lineament density maps.

Keywords: Landsat Lineament; aeromagnetic lineament; topographical map; GIS.

1. INTRODUCTION

Groundwater is one of the most valuable
natural resources on the earth surface and
serves as main sources of drinking
water. Basement complex have problem of
potable groundwater supply due to the crystalline
nature of the wunderlying rock which lack
primary porosity [1,2,3]. Groundwater storage

capacity in those areas depends on the
depth of weathering and the intensity of
fracturing of the underlying rock. For

basement rocks to become good aquifers, they
must be highly fractured and highly weathered.
Thickness of the weathered overburden and
fractured zone determined the nature
and intensity of hydrodynamic activities within the
usually discrete bodies of aquifer in the
terrain [4,5,2,3]. Groundwater in crystalline rocks
has no intergranular porosity moves in a
connected fracture network. But far from all
fractures are permeable, and fracture
permeability varies considerably [6,3]. It is
generally recognized that, in the prospect
area of faults and fracture lineaments, the fault
core and central zone have low permeability
while the outer damage zone has
enhanced permeability compared with the
surroundings [7,8,9,3]. Lineament mapping was
used long before this work in other
geological applications and the first usage of the
term lineament in geology is probably from a
paper by [10,11] cited in [3] who defined
lineaments as significant lines of landscape
caused by joints and faults, revealing the
architecture of the rock basement. This was later
used by [12] as a basis for developed definitions.
Lineaments have been defined as extended
mappable linear or curvilinear features of a
surface whose parts align in straight or nearly
straight relationships that may be the expression
of folds, fractures or faults in the subsurface.
These feature mappable at various scales, from
local to continental, and can be utilised in
mineral, oil and gas, and groundwater
exploration studies. Linear features on the
Earth’s surface have attracted the attention of
geologists and geophysicists for many years.
This interest has grown most rapidly in geological
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aerial

3],

introduction  of
satellite  images

studies since the
photographs  and

At the beginning, to the middle of the
twentieth century, several geologists and
geophysicsts recognised the existence and
significance of linear geomorphic features that
were the surface expression of zones of
weakness or structural displacement in the
crust of the Earth [3]. Generally lineaments are
underlain by zones of localised weathering and
increased permeability and porosity. In the last
four decades remote sensing and GIS have been
widely used for preparation of different types of
thematic layers and their integration for different
purposes [13,3]. Therefore, this research focus
on significances of deep seated lineament in
groundwater studies using landsat imagery and
aeromagnetic dataset.

2. STUDY LOCATION AND GEOLOGY

llesha located on the crystalline basement
complex. It falls within latitude 7°3220" to
7°38'20" North and longitude 4°36'20" to 4°44'20"
East (Fig. 1). This area falls within the 1:50,000
topographic map of llesha sheet 234 SW. Major
and minor road linkages characterize the study
area linking both towns and villages together. In
general, the location can be said to be fairly
assessible with footpaths in areas where there
are neither major nor minor roads. Regionally,
the study area belong to the Southwestern
Nigeria basement complex comprising
migmatite-gneiss complex, metaigneous rock
such as pelitic schist, quartzite, amphibolites,
charnokitic rocks, older granite and
unmetamorphorsed dolerite dykes. The rock
sequence consists of basically weathered
quartzite of older granite. The basement complex
rocks of Nigeria are made up of heterogeneous
assemblages [15]. The geology of Ibodi and its
environs is mainly Precambrian Basement rock
(Fig. 2). This is because of the tectonics and
metamorphic changes that has occurred in the
area [17]. Schist and amphibolites, magnetite -
gneiss undifferentiated and amphibolites stands
out in the Basement rock of the investigated
area.
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Fig. 1. (a) Map of Nigeria and Osun state showing the study area, (b) location map of the study
area [14]
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3. METHODOLOGY

The work utilised “remote sensing” and
aeromagnetic data around llesha, Osun State.
The remote sensing data (Landsat imagery) were
acquired from the Global Land Cover Facility
homepage. The automatic lineament extraction
process was carried out using “ENVI” 4.5, which
was used for digital image processing to
enhance sharpness of the satellite image for
better visual clarification and to aid structural
interpretation. Similarly, “Geomatical” pcl and
“ArcGIS” 10.2 software was used to extract the
lineaments and drainage network that covers the
study area. The Aeromagnetic data was acquired
from Nigerian Geological Survey Agency. The
data set was gridded using minimum curvature
gridding method with 50 m cell size to produce
total magnetic intensity map. Data enhancement
techniques involving Butterworth filter, Reduction
to Equator and Derivative filters were applied to
the magnetic intensity map using Oasis Montaj
6.4.2 software package. 3D Euler deconvolution
data assisted in determining the locations and
depths of the geologic sources. Structural index
of 1.0 was found appropriate for delineation of
structures that are favourable for groundwater
accumulation. Aeromagnetic lineaments were
generated by georeferencing and digitizing 3D
Euler deconvolution results. Aeromagnetic and
landsat lineaments were superimposed on
topographical map and rose diagram was
generated using “Georient”. The results from
boreholes drilled across the entire study area,
were used to validate the accuracy of the
lineament density maps.

4. RESULTS AND DISCUSSION

4.1 Remote Sensing Data

4.1.1 Lineament analysis from landsat
imagery

The results obtained from the satellite image

interpretation (Fig. 3) are discussed to

demonstrate the usefulness of remote sensing in
lineament mapping and analysis i.e. to delineate
zones that are prone to groundwater
development in the study area. A total of 69
lineaments were extracted from the satellite
image having a total length of 312.01 km. The
map shows that the northeastern characterized
by very high concentration of lineaments. The
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central parts of the study area were
characterised by moderate concentration of
lineaments while the northwestern and the
southeastern parts have low to very low
concentration of lineaments. The rose (azimuth-
frequency) diagram of the lineaments (Fig. 4)
prepared from the extracted lineaments on the
imagery showed three predominant sets which
are closely related to “tectonic activities” such as
fractures, faults and joints in the study area. The
lineaments trends in NE-SW, ENE-WSW and
NW-SE directions.

4.1.2 Landsat lineament on topographical

map
Fig. 5, landsat lineament is display on
topographical maps. It shows that the

northeastern parts, majority of the lineaments fall
within the high hill with elevation ranged from 380
m to 420 m and at the southwestern part. Areas
with high lineament density excluding (the
residual hill environment) are good for
groundwater development. These exhibit that in
groundwater studies landsat lineaments should
be strictly considered, because some of the
landsat lineament is not hydrogeological
significances. landsat imagery pick some man-
madefeatures as lineament such as road, aliment
of vegetation and houses, power line which were
not hydrogeological significances. So landsat
lineament is not sufficient enough for
groundwater studies. Furthermore, it should be
superimposed on topographical map in order to
delineate lineaments that are hydrogeological
significances and eliminate those that are not
hydrogeological significances.

4.1.3 Landsat lineament density map

The lineament density was computed base on
the number of lineaments per unit area (km/km?)
of grid, for quick graphical assessment of the
lineament density values of the area. Areas with
high lineament density excluding (the residual hill
environment) are good for groundwater
development. Fig. 6 shows five different
hydrogeological potential zones distributed as
patches in the study area. The zones are
summarized in Table 1. The lineament density
map shows that the lineament density is high
around area like Ibodi, lloki, Iwori, ljano, llotin,
Aye, lgila, Agbao, Araromi and Oja Oko when
compare to other areas in the study area.
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Table 1. Groundwater prospecting of the study area based on Landsat Lineament density

Lineament density colour code Lineaments density range (Km/Km?) Groundwater
prospecting
Lemon 0-0.87 Very low
Yellow 0.87-1.73 Low
Red 1.73-2.60 Moderate
Pink 2.60—3.46 High
Blue 3.46 — 4.33 Very high
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4.2 Validation
Density Map

of Landsat Lineament

4.2.1 Borehole vields and their depth _in_the

study area

The bar chart plot of borehole yields of drilled
groundwater holes and their respective depth
carried out in some locality within the studied
area are presented in Fig. 7. It shows that the
depth and yield of these boreholes vary within

NNwW

5

the area considered; hence the same can be
cited for other areas within the studied area.
Their values ranged from 27.7 m to 40m for the
depth and 11 — 50 (Litres/minutes) for yield. The
llosi area have the higher yield and depth which
implies that the area have high groundwater
potential compared to other areas in the study
area. Landsat Lineament density map (Fig. 8)
shows that the borehole yield doesn’t correlates
very well with the lineament density.

Fig. 4. Rose (azimith-frequency) diagram of Landsat Lineaments orientations

4.3 Aeromagnetic Data

4.3.1 Lineament analysis using 3D euler
deconvolution

3D Euler solution using Structural Index (S.l = 1)
was applied to the aeromagnetic data for
lineament analysis (Fig. 9). The delineated
solutions were extracted and digitized to produce
the lineaments from magnetic data (Fig. 10). A
total of 118 lineaments were extracted from the
aeromagnetic data having a total length of
484.01 km. The map shows that the northeastern
and northwestern parts have high concentration
of lineaments. The central parts of the study area
were characterized by moderately concentrated
lineaments while the southeastern and
southwestern parts have low to very low
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concentration of lineaments. The rose (azimuth-
frequency) diagram of the lineaments (Fig. 11)
prepared from the extracted lineaments on the
aeromagnetic structures shows two predominant
directions of lineament which is closely related to
“tectonic activities” such as fractures, faults and
joints in the study area. The lineaments trends
NE-SW and ENE-WSW directions. Here it
indicates more fracturing towards the NE
direction and thus suggests comparatively more
potential groundwater zone and hence better
prospect for groundwater availability.

4.3.2 Aeromagnetic lineaments
topographical map

on

Fig. 12 displays aeromagnetic lineament on
topographical map. It reveals that the majority of
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Fig. 5. Landsat Lineaments on topographical map of the study area

the lineaments fall within the plain land unlike
surface lineaments (Landsat Lineament) which
fall within the high hill. This implies that we
cannot base our presumption on surface
lineament without ascertaining it with subsurface
lineaments in order to have clearer pictures of
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the groundwater prospect within the study area.
It also illustrate that we cannot base our
justification on surface lineament without
superimposing it on topographical map, in order
to delineate those that are hydrogeological
significance and eliminate those that are not
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Fig. 8. Validation map of the study area

hydrogeological significance (man-made
lineaments). From these we are able to justified
that deep seated lineament (aeromagnetic
lineament) is more significance in term of
groundwater studies. This is because, ajority of
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the deep seated lineament fall within the low land
and there are not man-made features. For future
groundwater studies, deep seated lineament
should be more considered. Moreover, if surface
lineament is the only available information, it
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should be superimposed on topographical map
for proper clarification and justification and also
follow up by near surface investigation.

4.3.3 Aeromagnetic lineament density map

Lineament density map is one of the important
maps prepared from the lineaments, which are
critically used in groundwater studies related to
hard rock terrain [3]. Fig. 13 displays the
aeromagnetic lineament density map of the study
area. The map reveals five different
hydrogeological potential zones distributed as
patches in the study area. The zones are
summarized in Table 2. The lineament density
map reflects high density around lIbodi, Iworo
Odo and Sefari, when compare to other areas.

e

]
2
'

The area with high lineament density suggests
that the lineament must have extended in all the
directions with different degrees of fracturing,
which had greater water — holding capacity from
different directions of the lineament(s) within the
rock. At the same time, unidirectional lineament
may not produce good yield of water and such
areas show low concentration of lineaments.

Regarding groundwater exploration, these
aforementioned areas may have high
groundwater potentials due to their high
concentration of lineaments i.e. since

groundwater occurs within faults and fractures in
the basement rocks. It is seen that the
aeromagnetic density map corroborates very well
with the borehole yield.
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Fig. 9. 3D Euler solution from the analysis the aeromagnetic data over the study area with
structural index (S.1 = 1)
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Fig. 10. Aeromagnetic Lineaments of the study area

Table 2. Groundwater prospecting of the study area based on aeromagnetic Lineament density

Lineaments density colour code  Lineaments density range (km/km?) Groundwater

prospect
Lemon 0-1.06 Very Low
Yellow 1.06 - 2.11 Low
Red 2.11-3.17 Moderate
Pink 3.17-4.23 High
Blue 4.23-5.28 Very High
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Fig. 11. Rose (azimuth-Frequency) diagram of aeromagnetic Lineaments orientations
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Fig. 12. Aeromagnetic Lineament on topographical map of the study area
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Fig. 13. Aeromagnetic Lineament density map of the study area

5. CONCLUSION

This research show the significance of deep
seated lineament in groundwater studies around
llesha, Osun State in a basement complex
terrain using satellite imagery remotely sensed,
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aeromagnetic dataset and borehole data. The
hydrogeological investigation involved the
extraction of lineaments from Landsat Thematic
Mapper (TM) satellite imagery and aeromagnetic
lineament from the investigated area. The
processed image displays the lineaments
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trending NE-SW directions. Landsat and
aeromagnetic lineament trends tend to
agree in the study area, thereby implying

that these lineaments reflect real continuous
fractures at depth. Lineament density maps
were produced from the generalized lineament
trends in the area in term of hydrogeological
significances. The study has led
to the delineation of areas where groundwater
occurrences are most promising for sustainable
supply, suggesting that an area where
will have high concentrations of lineament
density has a high tendency for groundwater
prospecting. The lineament analysis has been
effectively done in a GIS environment and the
results was able to justified that deep seated
lineament (aeromagnetic lineament) is more
significances in term of groundwater studies.
Moreover, if surface (landsat) lineament is the
only available information, it should be
superimposed on topographical map for proper
clarification and justification and also follow up by
ground truthing. The lineament density maps of
the study area were generally classified into very
low, low, moderated, high and very high in term
of their groundwater significances. The results
from boreholes drilled across the entire study
area, were used to validate the accuracy of the
lineament density maps.
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