EARTH SCIENCES

ISSN (Print): 24490954
ISSN (Online): 26364972

GEOPHYSICAL STUDY OF BRINE DEPOSITS USING ELECTRICAL
RESISTIVITY TECHNIQUE IN AWE, AWE LOCAL GOVERNMENT
AREA OF NASARAWA STATE IN NIGERIA

*Kaura M.A. and Mohammed M. A.

Department of Geology, Federal University Lafia
Department of Physics, Federal University Lafia

*Corresponding email: KauriteS80@gmail.com; mustyadejo@gmail.com

Received 22/08/2017 Accepted: 12/11/2017 Published: December, 2017

ABSTRACT

Forty-five (45) Vertical electrical sounding (VES) were carried out in Awe brine field Awe LGA, Nasarawa
State, with the aim of providing valuable information on the geology of the area, and delineating the brine
deposits and their subsurface configuration. The VES result(curves) obtained showed a dominant trend of
decreasing resistivity with depth which indicates increase in salinity with depth. The result also revealed four
distinct geoelectric layers. The first layer which constitutes the top soil showed resistivity values ranging
between 4.2 Qm and 282.5 Qm; and the thickness ranging from 0.276 m to 19m; the second layer has
resistivity values which vary between 11 Qm and 650Q2m with the thickness ranging from 0.502m to 22.47m.
The third geoelectric layer is interpreted as the brine zone. The resistivity of this layer is generally low at
most locations. Its values vary from 0.12Qm to 97Qm with thickness ranges between 0.210 m to 21.56m. The
low resistivity of the layer confirmed the presence of brine deposit within it. The geoelectric section revealed
the occurrence of brine deposit between the depth interval of 4 and 38m in the study area. The fourth layer
show resistivity values which vary between 15 Qm and 34568 Qm and thickness between 5.34 m to 44.78m.
The layer revealed very high resistivity in most VES locations however, some points showed low resistivity
which may be because of infiltration of brine from the upper layer.
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INTRODUCTION

Brine is saline or salty water, particularly a highly
concentrated solution of common salt (sodium
chloride). Naturally, brine occurs as underground
salt lakes formed when water accumulates in a
topographic depression. The occurrence of brine-
springs in the Benue Valley has attracted considerable
attention (Obaje, 2009). Awe brine field in Awe LGA
area of Nasarawa State is one of the brine fields
located within Benue brine field. According to
Offodile, (1992), the salt deposits in the area occur in
form of underground brine coming from the western
flanks of Keana anticline. It appears to come from
the interbedded shale of fractured sandstone of Awe
formation.

The economic importance of brine in Nigeria
being a country that imports more than ninety percent
(90%) of its common salt and allied chemicals cannot
be over-emphasized. Hence, the need to carry out a
geophysical study to ascertain the economic viability
of the brine field.

This study, however, intends to use Electrical
resistivity prospecting technique (vertical electrical
sounding) with a view to delineate the depth, geometry,
and distribution of salt deposit within the study area
and to ascertain the nature of subsurface geological
Formations. The method has been chosen for this work
because it had been proven to be a quick and effective
tool for geoelectrical mapping and characterization
of mineral deposits. For instance; Adeoti et al.,
(2010), carried out a geophysical investigation of
saline water intrusion into freshwater aquifer using
vertical electrical sounding. There result revealed
that the method is effective for delineating saline
water intrusion. Saad(2006), investigated phosphate
deposits in OuladAbdoun, Morocco using electrical
resistivity. Badmus et al., (2009), also carried out
geoelectric mapping and characterization of limestone
deposits of Ewekoro Formation, southwestern
Nigeria. The method can be used to determine the
nature, geometry and the thickness of the geological
formation (Telford et al., 1977 and Oteri, 1977).

Awe Brine field in Awe LGA area of Nasarawa
State, is one of the brine fields located within the Benue
Brine field in the Benue Trough. The area lies between
latitude 8° 05" N and 8° 07" N, and longitudes 9° 05’
E and 9° 10" E and it covers the area of approximately
12km? (Fig. 2). It is situated within the tropical sub-
humid climatic belt and is characterized by Guinea
savannah vegetation type with daily temperature
ranging from 26°C to 32°C, a mean rainfall of 1248
mm and relative humidity of 60% to 80% (Binbol,
2006; NiMet, 2017). The topography is gentle and the
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elevation range from 100m to 145m.

According to (Obaje ef al., 2006 and Offodile, 2002),
Awe Brinefield isunderlain by the following geological
formations; Ezeaku, Keana, saliferous Awe and Asu
River formations. The sedimentary formations listed
above are underlined by the Basement complex of
Precambrian age. The detailed stratigraphy of the
area is shown in Figure 1.

STRATIGRAPHY SEQUENCE OF ROCKS IN AWE BRINE FIELD
FROMTOPTO BASE WITH THEIR CORRESPONDING
LITHOLOGY (After Offodile, 1992)

¥

EZEAKU FORMATION (Late Turonian-Early Turonian)
Thick calcarcous shales, micaceous and fine to medium grained sandstones

L 2

KEANA FORMATION(Late Cenomanian)
Crystalline line, coarse and pebbly sandstone

W

AWE FORMATION (Early Cenomanian)
(aggy, whitish, medium to coarse grained, sometimes calearcous sandslone,
some limestone and interbedded shale or clays from which brine issue

ASU RIVER FORMATION{Mid-Late Albian)
Manne shales, clays silistones and mudstones

BASEMENT COMPLEX(PreCambrian)

Figurel: Stratigraphy of Rocks in Awe Brine Field

Figure 2: GeologicalMap of the Study Area (after
Offodile, 1983)

MATERIALS AND METHODS

The geophysical survey to study the distribution of
brine deposit in Awe brine field was conducted using
electrical resistivity method. SAS 4000 resistivity
meter with electrode spacing ranging between 1 to
80m was used for the data acquisition. During the
field work, the VES stations were established along
some selected streets within the study area. These
streets were used as profiles on which VES data were

collected. The profiles and VES station are shown in
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figure 3. Forty-five VES were conducted along four
profiles, and they are: Profile 1 (VES 7, 8, 9,10,11,12,
13,15,18, 20,21, 22, 23, 24, 25, 26, 27, 28, 33, 34, 44,
and 45); Profile 2 (VES 2, 3, 14, 17, 29, 30, 31, 32,
36,and 37); profile 3 (VES 1, 5,6, 38, 39, 40, 41,42,
and 43): and 4(VES 4, 16, 19, and 35).
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Fig. 3: A Data Acquisition Map Showing VES
Location

RESULTS AND DISCUSSION

The sets of VES data collected at each location were
interpreted using computer (1-D inversion) program
modeling which makes use of the interactive program
(Offix). The curves were interpreted with a minimum
number of layers that are deemed necessary. Most
of the interpreted results revealed the presence of
4 geoelectric layers, while only a few revealed the
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presence of 5 or 6 geoelectric layers. Some typical
VES curves of the area are shown in figure 4a and 4b
below. The inversion of the interpreted field resistivity
data was carried out with the aim of delineating the
subsurface geologic sequence and determines their
geoelectrical parameters (layer thicknesses and
resistivities).

Forty-five (45) VES stations were established
across Awe brine field in Awe LGA, Nasarawa state.
The interpretation of the result shows that all the
forty-five depth soundings curves are characterized
by a steep descent from the dry unsaturated top soil
to the saltwater saturated sediment. This decrease in
electrical resistivity could be attributed to increasing
in porosity, fluid content, possibly conductivity
arising from saline water intrusion from the nearby
brine bearing formation. Since porosity is the major
control of the resistivity of rocks (Kearey et al., 2002).
Computer modeling for some selected VES stations
are shown in Fig. 4a and 4b below. The shape of the
curves indicates alternation of saline and freshwater
horizons. The interpreted resistivity depth sounding
data in Awe brine field are presented as geoelectric
section, Isopach map, and resistivity contour maps.
The maps were produced using computer software,
“Surfer”. From the analysis of the result of the study,
major top fresh, brine and underlying layers were
delineated.

Contour Maps

Contour mapping is one of the techniques that can
be used for interpretation of resistivity data. Brine
distribution of the study area was contoured using
computer software, “Suffer”
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Figure 4a: A typical interpreted 1D resistivity data of VES 19
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Figure 4b: A typical interpreted 1D resistivity data of VES 40

The Upper Layer

This layer forms the surface material overlying Awe brine field. Fig 5a and b are the contour maps of surface
material overlying the brine layer. The layer showed clearly the depth of the brine across the area. The resistivity
values of this layer range between 4280Q2m on VES 14 to 14Qm on VES 3. The high resistivity values of the
layer may be due to the dried nature of the superficial deposits and high compaction because of overburden
weight. The resistivity contour map indicates high resistivity around South-western to southern part while
east to east-western portion was overlain by materials of average resistivity. The analyses of isopach (iso-
thickness) map showed that the layer is relatively thin with the thickness ranging from 0.276m on VES 19 to
2.87m on VES 13. Since overburden thickness composed of all materials above the brine deposited bed, it
shows that brine deposit appears at various depths along the study area. However, correlating the resistivity
with the geology of the area, it can be suspected that the layer is clayey sand Ezeaku formation, which is the
youngest rock formation in the area.
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Figure 5: (a) Thickness of The First Layer (b) First LayerIsopach(Isothickness) Map
(c) Isoresistivity Zoning map of the upper layer
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The Middle (Brine) Layer

The resistivity values interpreted from this layer range from 674Qm on VES 41 to 0.12Qm on VES 5, which
indicates that the resistivity values vary greatly from one location to another. This variation can be clearly
distinguished on the resistivity contour map (Figure 6a). The dominant part of this layer is overlain by the
geological formation of low resistivity, however, small portions around the west and southern part of the
study area showed high resistivity values. The low resistivity of the layer is attributed to the effect of strong
brine within the layer. Based on the resistivity values, the layer can be inferred to be the saline sand of Awe
Sedimentary Formation. The thickness of the layer ranges from 0.210 on VES 44 to 21.56m on VES 9. The
3-Dimensional representation of the layer is shown in Figure (8b). It can be observed that in Figure (8a), there
is depression (valley) which formed the brine pond in between old town and new town.
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Figure 6: (a) Resistivity Zoning Map of Brine layer (b) Third LayerIsopach (Isothickness) Map
(c) Thickness of Brine Layer (d) A map showing distribution of Brine across the area
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The Lower Layer

The analysis of resistivity zoning and isopach maps (Fig. 6a and b) of this layer was carried out with the view
of gaining information about the lateral variations in the apparent resistivity and thickness of the layer. It is
evident that the resistivity of the layer varies from 34568Qm on VES 2 to 15Qm on VES 35. The iso-resistivity
contour map of the layer (Fig. 7a) Showed that the rock materials that occupy the north and southern through
the central part of the study area have significantly low resistivity values compare to the east and western
portion which revealed high resistivity value. The low resistivity shown by some locations is an indication of
saline water intrusion into the layer from overlying formation (brine layer). Also, the isopach map (Fig. 7b)
indicates that the thickness of this layer varies from 44.78m to 5.34m on VES 33 and 45 respectively.
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Figure 7: (a) Third Layer Resistivity Contour Map

Geoelectric Section

The geoelectric-sections along two major surveyed
profiles were constructed. The first and second
profiles run along southwest-northeast and north-
south directions respectively. The two geoelectric
sections revealed to a large extent a good quantity of
brine deposit, which is of economic importance in
mining and industrial purposes.

Twenty-two VES points are situated on
the first geoelectric profile (VES 7, 8, 9,10,11,12,
13,15,18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 33, 34,
44, and 45). The sections (Fig.8a) revealed the
presence of three major distinct layers. The first and
second layers under this section form the overburden.
The materials within the layer revealed a very high
resistivity values ranges from 67 Qm and 3747
Qm and the thickness which varies from 1.13 m to
23.47m. The high resistivity can be attributed to low
brine composition, high compaction and dry nature of
materials within the layer. The third layer delineated
under this profile is interpreted as brine layer. It has
resistivity values that vary from 0.14 Qm to 97Qm
and thickness which ranges between 6 m to 37m. The
low resistivity values recorded from this layer is an
indication of brine deposit.
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The second geoelectric section (Fig. 8b)
runs across the second survey profile. Nine VES
were established along this profile (VES 2, 3, 14,
17, 29, 30, 31, 32, 36, and 37). Three subsurface
layers were delineated under this profile. The first
layer constitutes the topsoil and its resistivity values
range between 123Qm and 5068Qm. The thickness
of the layer varies between 0.4m to 10.0m. The high
resistivity value of this layer confirmed that the layer
is composed of saline free material. The second layer
under this section revealed a resistivity value that
ranges from 2.90Qm to 91Qm and its thickness varies
between 0.14 m to Sm. Due to low resistivities of the
layer, it is delineated as brine horizon. The third layer
delineated under this section showed high resistivity
values as occurred to the first geoelectric section. Its
resistivity and thickness vary between 106 Qm and
1005Qm and 5.6 m to 17m respectively. Though in
some locations as can be seen from figure 8b, the
layer revealed low resistivity value. The geoelectric
sections showed a brine concentration around south-
western to the central part of the area. The thickness
of brine layer decreases toward the central part of the
area until it disappears before reaching New Awe

town area.
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VES Locations
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Fig: 8:(a) Geoelectric section along first survey profile (b) Geoelectric section along second survey profile

CONCLUSION

Vertical electrical sounding (VES) survey was
conducted in the Awe brine field in Awe LGA, Nasarawa
State, with the aim of providing valuable information
on the geology of the area, and delineating the brine
deposits and their subsurface configuration. Forty-five
resistivity depth soundings data were acquired in the
study area. The subsurface structure composed mainly
of alternation of highly saline and saline-free horizons.
From the study, four distinct geoelectric layers were
delineated. The upper layer showed very high resistivity
value and it is presumed to saline free horizons.
However, the third layer is interpreted as brine zone
(O). Its resistivity values range from 2.7Qm 97Qm. The
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