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Abstract

The demand for water in Marke and environs is escalating into a difficult situation as a result of
expanding agricultural and mineral exploration in the area. It is widely known geologically that such
areas exhibit a poor aquifer system for groundwater occurrence, and this necessitated this research work.
The research is aimed at determining the groundwater potentials in Marke and Environ. The study area
falls between latitude 9°44' N and 09°48' N and longitude 120 23'E to 12°28'E. This research employed
Schlumberger array of geophysical survey to investigate the groundwater potentials in the study area.
Sixteen vertical electrical sounding surveys were conducted, and the groundwater potential maps were
developed with the aid of geographic information systems software (ArcGIS). From the VES survey
data, four layers of rock formation were identified: topsoil, clay, weathered crystalline rocks, and
fractured crystalline rock. The rocks that formed the aquifer system in Marke and environs are moderate
to highly fractured basement rock with a total thickness of 25-50. For the Dar Zarrouk parameters, the
overall longitudinal conductance ranges from 0.1584 to 1.1111 siemens with a mean value of 0.576
siemens. The values of high longitudinal conductance are restricted to VES 1, VES2, VES3, and VESe6.
Transmissivity values varied from 134.953 to 604.725 m%/day with a mean of 293.361. The combined
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analysis of the spatial distribution map for longitudinal conductance, transverse resistance,
transmissivity, and hydraulic conductivity revealed that the northwestern part of Marke and environs
exhibit high groundwater potential, while the northeastern part has moderate groundwater potential.

Keywords: Dar Zarrouk, Hydraulic Conductivity, Transmissivity, Groundwater, and
Aquifer.

INTRODUCTION

The growing demand for water in Marke and environs at Song Local government is escalating
into a difficult situation as a result of expanding agricultural and mineral exploration in the
area. Rapid population growth, and factories are beginning to mount pressure on the entire
area as a result of abundant natural resources. Marke is situated in a geological setting that is
predominantly characterized by basement complex rocks. The igneous and metamorphic
rocks like those in Marke are commonly characterized by fissures, cracks, and fractures that
can serve as a secondary structure which may allow enhance conductivity and transmissivity
of groundwater, basement complex rocks are commonly characterized by discontinuity of
aquifers. Siting and drilling of boreholes without proper geophysical survey may be
misleading, and in most cases, it results to fail and abortive wells/boreholes, as well as result
to waste of energy, time and finances. This research will be investigating the potential
locations for siting and drilling boreholes in the study area using the Dar Zarrouk techniques.

Aquifer parameters such as intergranular porosities, joints, fissures, and fractures, are
common characteristics of crystalline basement complex rocks known as secondary porosity
(Greenbaum, 1989; Nag & Chakraborty, 2003; Preeja et al., 2011; Fashae et al., 2014; Badamasi
et al., 2016; Das, 2017). Groundwater exploration in a crystalline basement rock terrain is not
easy especially if the basement rocks and targeted aquifer system exhibits structures such as
fractures and fissures. The reservoir potentials of fractured basement complex rock were
reported to be rare, conductivity and transmissivity of the groundwater commonly occur
along planar breaks and fractures within the basement rocks (Olorunfemi & Olorunniwo,
1985; Ademilua & Eluwole, 2013; Fashae et al., 2014). The medium through which
groundwater occur in basement rocks are characterized by pattern of closely spaced fractures
and planar cracks due to impact of tectonism (Ademilua & Eluwole, 2013; Fashae et al., 2014).
The quantity/volume of water associated with basement rock reservoir depends largely on
the sizes of fissures and reservoir connectivity (King Hubbert & Willis, 1955; Oyawoye, 1972;
Zaid, 2013; Abdullahi et al., 2017).

Calculating permeability and porosity parameters of the crystalline rock is difficult in contrast
to those of the sedimentary environments (Kanagaraj et al., 2019). Hydro-geoelectrical
resistivity techniques is a good tool for groundwater exploration, it has gained acceptance as
it is widely employed in similar research (Mohamaden et al., 2009; Araffa, 2013; Thabit and
Al-hameedawie, 2014; Elbarbary et al., 2021). The concept of hydro-geoelectric techniques has
been employed in groundwater exploration and it has helped in determining the occurrence
and volume of water (Troisi et al., 2000). The easy techniques of numerical modelling, vertical
Electrical Sounding, and advances in computer software is an available option and tool for
exploring groundwater.

No research was conducted in Song Local Government, particularly in Marke and Environs,

and also due to difficult conditions linked to increasing population growth and agricultural
demands as highlighted earlier necessitated this research.
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Geology and Hydrogeologic Setting

The rocks in Marke and environs are Precambrian basement complex generally referred to as
Hawal Massif (Adekeye & Ntekim, 2004; Baba, 2009; Kwache & Ntekim, 2015, 2016). The rocks
are generally characterized by very fine, fine, coarse to porphyritic granites gneisses. The
Precambrian basement rocks (granite/gneiss) are restricted to the northwestern part of the
study area while the extreme southeastern portion of the study area are older sedimentary
rocks of the Bima Formation marking the boundary between basement and sedimentary rocks
(Figure 1). The basement rocks in Marke and environs are characterized by four (4) layers of
rocks; namely; topsoil, clay with a thickness that varied from 0 to 4.5 m, this is further
underlain by the second layer that is composed of significantly weathered crystalline
basement rocks with a thickness that varied from 4.5-16 m, on the other hand, the third layer
of the rocks is a fractured crystalline basement rock with thickness that ranges from 9-29 m,
it is the fourth layer, a fresh crystalline basement rock. The rocks that formed the aquifer
system in Marke and environs are moderate to highly fractured basement rock with a total
thickness of 25-50 m (Figure 2).
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Figure 1. Geologic map of Marte and Environs, modified after (Carter, et al., 1963)
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Figure 2. Correlation of lithologic and geoelectric sections from Marke and environs.
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LOCATION AND METHODOLOGY

Location

The study area falls within longititudes 120 23’E to 12°28’E and latitude 09°44’N and 09°48'N,
and it is located in Song Local Government area of Adamawa State (Fig 3.). It has an arial extent
of approximately 66.98km?2.

Geophysical survey

The resistivity survey of the rocks in the study area was carried out using Vertical Electrical
Sounding (VES) techniques. The goal is to determine the geology of Marke and environs.
Electric voltage was induced into the subsurface to create electric field, with the help of two
current rods (point A and B), these were pegged into the ground, the rods were connected to
source of electric current including two closely spaced potential electrodes (M, N) and all the
readings from the meter were recorded. Sixteen (16) vertical electrical sounding points were
covered with the aid of Schlumberger array method. The electrodes were spaces base on 200
VP within the study area. This technique is an effective approach for delineating layers of
rocks that are horizontal with suitable depth sensitivity. The Schlumberger array method
commonly adjoins a high signal noise ratio (Robain et al., 1996; Braga et al., 2006; Ademilua &
Eluwole, 2013). The depth to which the resistivity techniques can cover is 1/3 of the overall
current electrodes distance (Gemail et al., 2011; Thabit & Al-hameedawie, 2014; Abdullahi et
al., 2017; Twarég et al., 2018). The measurement was determined with the aid of ABEM SAS
4000 terameter. Value of the apparent resistivity versus AB/2 were plotted and interpreted
with the aid of software model known as (IX1D interpex 2006). Changes due to lateral
heterogeneity of the rocks visible on the plotted curve and this could be due to errors from
the equipment (Oladapo & Akintorinwa, 2007; Maiti ef al., 2011; Ademilua & Eluwole, 2013;
Daniel et al., 2015; Abdullahi et al., 2017).
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Figure 3. Topographic map of Marke and Environs

Dar-Zarrouk Parameter

The predicted layered medium is commonly characterized as important during the
interpretation of geoelectric layers (Bala & Ike, 2001; Oladapo & Akintorinwa, 2007; Okiongbo
& Akpofure, 2012). Components of parameters e.g., p and h for individual geoelectric layer
are important in evaluating Dar Zarrouk parameters (Bala & lke, 2001; Oladapo &
Akintorinwa, 2007; Okiongbo & Akpofure, 2012). Various sequences of n homogenous,
horizontal, and isotropic layers of resistivity p; and thickness h;. The Dar Zarrouk parameters
(longitudinal conductance (S) and transverse resistance (T) are defined respectively.

n hs
S; = Z — (Seimens) 1

i=1Pi

Si is longitudinal conductance; h is thickness, and p; is the apparent resistivity of the layers of
aquifer. (Tr) stands for transverse resistance, and it is a product of the aquifer’s apparent
resistivity, as well as the aquifer thickness.

n
Thus:T; = Z pi +n; (ohm.m?) 2

=1

=

Ti represents transverse resistance, i represent thickness, and p; symbolizes the apparent
resistivity of the aquifer’s layer. The most productive borehole is commonly associated with
such zone and it normally has the highest value of transverse resistivity (Batte et al., 2010;
Iduma et al., 2016; Niwas & Singhal, 1981; Shailaja et al., 2019). The prospective groundwater
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potential zone is commonly determined through transverse resistance (Tr) as a result of direct
relationship with transmissivity, however suitable transmissivity data can also be speculated
by highest Tr values of groundwater bearing aquifer zone.

T = Kh (m2?/day) (Daniel et al., 2015) ()

Hence, K = Tb! (m/day), h = Aquifer thickness (m).

RESULTS AND DISCUSSION

Characterization of Aquifer System Using Dar Zarrouk Parameters

Determining the characteristics of aquifer through Dar Zarrouk parameters is based on the
interpretation of rock forming aquifer layers at different sounding points indicating changes
in resistivity/thickness of rock composition related to longitudinal conductivity and
transmissivity were computed with the aid of software.

The computation of Dar Zarrouk parameters was carried out base on low resistivity and high
thickness of the rock layers. The results of calculated longitudinal conductance(S), transverse
resistance (Ir), and transmissivity (T) are presented in (table 1).

Dark red part of the spatial distribution map represents areas with high longitudinal
conductance (Figure 4), while the yellowish to green portion moving away from the center of
the map represent the area with low longitudinal conductance.
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Figure 4. Spatial distribution map for longitudinal conductance in Marke and environs
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Table 1: The summary of aquifer characteristics and Dar Zarrouk Parameters through
geophysical survey

Layer Layer Aquifer Longitudinal Transverse Hydraulic
VES Resistivity ~ Thickness Conductivity Conductance Resistance Conductivity ~ Transmissivity
No Location (Qm) (m) (ohm) (o) () (Qm?2) (m/day) (m?/day)

1 Marke 1 49.91 37.38 0.0200360 0.7489 1865.636 10.067 376.304
2 Marke 2 59.34 47.81 0.0168520 0.8057 2837.045 8.567 409.588
3 Marke 3 39.19 32.06 0.0255167 0.8181 1256.431 12.615 404.437
4 Marke 4 101.67 4291 0.0098357 0.4221 4362.659 5184 222.445
5 Marke 5 48.54 3297 0.0206016 0.6792 1600.364 10.332 340.646
6 Marke 6 45.00 50.00 0.022222 1.1111 2250.00 11.088 554.4

7 Marke 7 182.37 44.82 0.0054834 0.2458 8173.823 3.011 134.953
8 Marke 8 121.32 36.29 0.0082427 0.2991 4402.703 4.396 159.531
9 Marke 9 161.96 45.65 0.0061744 0.1584 4154.274 12.358 564.143
10 Marke 4 47.68 57.56 0.0209732 1.2072 2744.461 10.506 604.725
11 Marke 11 81.86 25.34 0.0122159 0.3096 2074.332 6.346 160.808
12 Marke 12 175.54 50.76 0.0056967 0.2892 8910.410 3.124 158.574
13 Marke 13 310.0 68.58 0.0032258 0.2212 21259.8 1.832 125.639
14 Marke 14 47.49 31.44 0.0210570 0.6620 1493.086 10.545 331.535
15 Marke 15 157.78 39.96 0.0063379 0.2533 6304.889 3.441 137.502
16 Marke 16 123.46 53.38 0.0080998 0.4324 6590.295 4.325 230.869

Average 109.5 40.25342857 0.014177509 0.576718757 4167.902114 7.2182 293.3612286

The transverse resistance and Longitudinal conductance are aquifer parameters used for
determining areas with high prospect of groundwater (Singh et al., 2004; Iduma et al., 2016;
Sikami & Ahmed, 2017). The ratio of distinctive layers with their individual resistivity is
referred to as longitudinal conductance (Iduma et al., 2016). The features of thin layers of
conducting rock layers can be defined through the longitudinal conductance, while transverse
resistance can be used to determined resistance layers (Iduma et al., 2016).

The overall longitudinal conductance maps for Marke and Environs, range from 0.1584 to
1.1111 siemens with a mean value of 0.576 siemens. The values of high longitudinal
conductance are restricted to VES 1, VES2, VES3 and VES 6, as the conductance increases, the
resistivity decreases indicating high potential aquifer (groundwater) areas. Regions with low
longitudinal conductance are restricted to northwestern part of the spatial distribution map
(Figure 4). One can predict that areas that have low longitudinal conductance values are prone
and/or vulnerable to contamination, and tend to exhibit high conductivity due infiltration of
effluents/contaminants fluids into the aquifer system which further affect the groundwater
(Gemail et al., 2011; Hussain et al., 2017; Adewumi et al., 2018). Wells and boreholes sited on
highly conductive anomalies commonly penetrate thicker overburdens with high yield, and
reverse is the case when the low conductivity penetrates a thinner overburden low yield.
Fractured and weathered zones are characterized by high conductivity.

Transmissivity is a key parameter in evaluating the characteristic of rock as a conducting
medium (Sikami & Ahmed, 2017). The values of transmissivity varied from 134.953 to 604.725
m2/day, with a mean of 293.361 in Marke and environs. The high transmissivity values
indicating enough groundwater in the area based on the vertical electrical sounding was
observed at the northeastern part of the transverse resistivity map (Figure 5)
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Figure 5. The spatial distribution map of Transverse Resistance for Marke and environs

From the analysis of the Dar Zarrouk equation, hydraulic conductivity map was produced
(Figure 6), Two zones of high and low hydraulic conductivity were identified, the red color
which is almost at the center represent high hydraulic conductivity, while the green represent
areas with moderate hydraulic conductivity. The blue portion of the map represent low
hydraulic conductivity (Figure 6).
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Figure 6. The spatial distribution map of hydraulic conductivity of Marke and environs

Groundwater Potential Zones

Transmissivity values are pointers to whether a given location has high, moderate and/or low
groundwater potentials, e.g., >500 of transmissivity represent high transmissivity, 50-500 is
moderate transmissivity, while <50 indicate low transmissivity (Offodile, 1992, Cassiani &
Medina, 1997; Fatoba et al., 2014).

Regions with transmissivity commonly correlate with zones with high groundwater
potentials. This is presented in transmissivity and groundwater map (Figures 6 and 7)
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Figure 7. The spatial distribution map for Transmissivity in Marke and Environments

The areas with orange color represent high groundwater potential, this was identified in the
northwestern and southwestern part of the groundwater potential map (Figure 8). The
moderate groundwater potential zone was identified on the northeastern and southeastern
part of the map, and it is represented by sky blue color, (Figure 8).
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Figure 8: Groundwater potential map of Marke and environs

CONCLUSION

Groundwater exploration especially in basement complex rocks etting is a very difficult task
to execute, it must be carefully carried out. The concept of vertical electrical sounding and
Dar Zarrouk paremeters are reliable techniques for groundwater exploration especially in
basement complex setting. The techniques were tested, and are useful in deleneating zones
that have high prospect for groundwater. Spatial distribution maps for longitudinal
conductance, transverse resistivity indicates that the northwestern and southwestern parts of
Marke and environs have high groundwater potentials, while low to moderate groundwater
potentials are restricted to the northeastern and southeastern region of the study area.
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