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ABSTRACT

The experimental approach of two-dimensional (2Bpedectrical resistivity imaging in

which the resistivity is allowed to vary both latlly along and vertically beneath the survey
line but constant in the perpendicular directiorswarried out for mineral exploration. A
series of 2D apparent resistivity data were geedrat a parallel and perpendicular direction
using dipole-dipole electrode configuration enggdime SAS 1000 ABEM terrameter. 2.5m
electrode separations (interline spacing) in thdytrea was adopted. The 2D data sets were
collated and inverted separately using RES2DINMv&fe producing 2D model for each
line. These survey locations were observed to Ipgposed of lateritic soil, sand, sandstone,
shale, limestone, clay, dolomite with resistivilglwes ranging between 28ento 21590m

for the unit electrode spacing adopted.

KEYWORDS: 2 — Dimensional, Electrical, Resistivity,Surveying, Mineral Deposit.
1. INTRODUCTION

A mineral is a naturally occurring homogeneousdswlith a definite (but generally not fixed)

chemical composition and a highly ordered atommaragement. It is usually formed by
inorganic process. This means that minerals comdist single and solid substance that
cannot be physically subdivided into simpler chehicompounds. The determination ofg
homogeneity is difficult because it is relatedhie scale on which it is defined. For exampleé
a specimen that appears homogeneous to the naketha@y prove to be inhomogeneous®@

made up of several materials, when viewed with @osicope at high magnification.
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A mineral has a definite chemical composition whigtplies that it can be expressed by a
specific chemical formula e.g the chemical compamsitof quartz is expressed as &iO
Because quartz contains no chemical elements dther silicon and oxygen its formula is
definite. Quartz is therefore, often referred tagsure substance, most minerals, however, do
not have such well-defined compositions. Dolom@aMg (CQ),, is not always a pure Ca-
Mg-carbonate. It may contain considerable amouhEeand Mn in place of Mg.

The resolution of subsurface geoelectrical restgtisurveys decrease with depth and very
long layouts are needed for large depth penetraliba presence of a conductive layer at the
surface can significantly reduce the depth of patien. Borehole resistivity imaging, often
referred to as electrical resistivity tomographyR{B can be used to overcome the problem of
depth limitation and obtain higher resolution aptths since the electrode are closer to the
structures of interest. The strong influence of rreeaface inhomogeneities on inversion
results will also be reduced.

2D and 3D images that reflect the resistivity castican be obtained from borehole resistivity
tomography (La Breque et al., 1996; Ramirez et1896; Slater et al., 1997; Brown and
Slater, 1999). The measurement may be done bygangathe electrodes in the borehole(s)
only (Daily and Owen, 1991; Shima, 1992; Spies &fit, 1995; Bing and Greenhalgh,
2000) or borehole and surface (Becy and Morrisk®91; Binley et al.,, 2002; Dhu and
Heinson, 2004). In general, any array used foraserfresistivity survey can be adapted for
borehole resistivity measurements; but pole-p@eaily and Owen, 1991; Shima, 1992; Spies
and Ellis, 1995), pole-dipole (Bing and Greenhatty®97; Zhou and Greenhalgh, 2000) and
dipole-dipole (Sasaki, 1992; Zhou et al., 2002ags are commonly used in borehole
resistivity surveys. Based on sensitivity patterrd aanomaly effect, the pole-dipole and
dipole-dipole arrays have been shown to have bdteget definition and delineation
properties than the pole-pole array. Alile et 80%3) carried out subsurface imaging using
different electrode configurations for geoelectricavestigation. Also Alile et al, (2012)
worked on the applications of 1-D and 2-D electrigsistivity methods to determine the
depth of aquifer around camp house in Canaan latagd Nigeria. The effectiveness of short
electrode spacing in geoelectrical subsurface tigeaton using dipole — dipole array was
carried out by Alile et al, (2016). In the studyeyhengage both the 2 — D and 3 — D

geoelectrical investigations. The study showed tihaishorter electrode spacing gave a detaf
o

and better resolution. 01
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2. METHODOLOGY
Two-Dimensional survey was carried out at Eguaren@anity in Igueben Local

Government Area of Edo State which is located witbngitudes8100" 6°12° 30 east and

latitude 627" 3, 6° 30 0 north. The approximate average elevation is ab®&@ml above

mean sea level. The survey area occupies Northr&gquart of Edo State and is underlain by
sedimentary rocks of Paleocene to recent age. @tiienentary rock contains about 90% of
sand stone and shale intercalations. The basesvegpshown in Figure 1.

The first and second survey grids at Eguare Primaechnool compound and Amahor

Secondary School compound with co-ordinates ofulis, longitudes and elevations about
sea level on a detailed scale are as shown inéigur

The dipole — dipole array was engaged in this suarel the RES2DINV program was

adopted in the analysis and interpretation of ttepiaed data.
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Figure 1: 2 — Dimensional Electrical Resistivity Survey gsigdowing latitude and longitudes

(base map)
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Figure 2: Typical ranges of electrical resistivities/conduties of earth materials and
minerals. (Source: Loke, 2014).

RESULTS AND ANALYSIS

After acquiring 2D geoelectrical resistivity datet,sit is necessary to model or invert
the data set so as to obtain the desired subsuréstgtivity images or distribution. The
process of estimating geophysical model parameikis multi-layered and heterogeneous
earth model from observed field data is known aserision. The observed data can be
predicted (forward modeling problem) using the lakghysics relating the model parameter
to the observed data. Inversion of observed geagdilydata involves the mapping of the
geophysical data into the model that will, in sodefined sense, best satisfy the measured
data and our preconception about the given modwed. dhoice of the model parameters is
largely dependent on the nature of the geophygicablem to be solved. The relationship
between the observed data and the model paramstersnon-linear, ill-conditioned and
largely under-determined inverse problem. Standaaodleling and inversion techniques for
linear inverse problems cannot be employed suadgssfor such non-linear inverse
problems. In solving non-linear inverse problens,ratial model (a skilled quess model) is
usually modified in an iterative procedure so tthet difference between the model response
and the observed data values can be minimizedmidue| parameters are then updated using
a linearized interactive adjustment procedure. fEselt of the inversion depends on both the2
choice of the forward model whose response showattimthe observed data as well as théc?i

solution of an appropriate error criterion for nmization and smoothness criteria (Constablgaz
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et al., 1987). Conventional approaches are basednaulative least-squares errors and
cumulative least-absolute deviation.

The apparent resistivity data got over the serfgsacallel 2D profile extracted from the 2D
data, set were inverted separately using the RB$ZDhversion code in both x and y
directions that is in-lines and cross-lines (Loke 8arker, 1996). The 2D inversion was done
in order to assess the quality of the 2D apparesistivity data generated. The RES2DINV
computer program uses a nonlinear optimizationrtiegle which automatically determines a
2D resistivity model of the subsurface for the ihppparent resistivity data (Griffiths and
Barker, 1993; Loke and Barker, 1996). The prograrndds the subsurface into a number of
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Rectangular blocks and then calculates the appaesigtivity values that agree with the
measured values using a forward modeling routihe. a&rrangement of the rectangular blocks
is loosely tied to the distribution of the data mgsiin the pseudosections. The inversion
routine used by the program is based on the smesshoonstrained least squares method
(DeGroot-Hedlin and Constable, 1990; Sasaki, 1998 optimization method then adjusts
the resistivity of the model blocks and tries tduee the difference between the measured and
calculate apparent resistivity values using itgeprocedure.

The results of the inverted images of the variousfiles in the study area are

presented in the figures below.
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Figure 3a Eguare line Lx, 2D smoothness constrained inversion model rggisgection
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Figure 3b: Eguare line Lx 2D smoothness constrained inversion model regisgection
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Figure 3c: Eguare line L%, 2D smoothness constrained inversion model rggisgection
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Figure 3d: Eguare line Lx, 2D smoothness constrained inversion model rggisgection
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Figure 3e: Eguare line Ly, 2D smoothness constrained inversion model rggisgection
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Figure 3f: Eguare line Lx, 2D smoothness constrained inversion model rggisgection
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Figure 3g: Eguare line Lx, 2D smoothness constrained inversion model regisgection
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Figureda: Eguare line Ly, 2D smoothness constrained inversion model regisgection
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redb: Eguare line Ly, 2D smoothness constrained inversion model rggisgection
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Figure4c: Eguare line Ly, 2D smoothness constrained inversion model rggisgection
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Figure 4d: Eguare line Ly, 2D smoothness constrained inversion model regisgection
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Figurede: Eguare line Ly, 2D smoothness constrained inversion model regisgection

EQUARE PRIMARY SCHOOL FOOTBALL FIELD LY6
0.0 2.50 S.IUU 7.50 10.0 125 15.0 175 200 25 250 275 m
I | L I L

Measured Apparent Resistivity Pseudosection
ez 0.0 250 5.00 750 100 125 15.0 175 20.0 225 250 218 m
h !

Calculated Apparent Resistivity Pseudosection
Depth _ iteration 3 RMS eror = 6.9 %
0.0 250

0427
128
218
317

425

545
Inverse Model Resistivity Section
I N B N (R [ [ [ N T | T N
227 278 342 419 815 832 Ti6 952
Resistivity in shm.m Unit electrode spacing 2.50 m.

Figure4f: Eguare line Ly, 2D smoothness constrained inversion model rggisgection
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Figure4g Eguare line Ly, 2D smoothness constrained inversion model rggisgection
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DISCUSSION

Seven parallel and seven orthogonal 2D geoeletctresastivity field data were collected
manually engaging ABEM Terrameter SAS 1000, a tig#ig instrument using the Dipole-
dipole electrode configuration. In both cases,dhserved 2D apparent resistivity data were
collated and inverted using RES2DINV software.

Considering both the parallel X — Directions anthogonal Y — Directions, the first, second
and third layers having a lower resistivity ranggs259Qmto 503Qm for unit electrode
spacing of 2.5m showed that this top few layergrabably composed of lateritic soil, sand,
sandstone, sand clay, limestone, and shale. Alsthéofourth, fifth and sixth layer having a
higher resistivity range of 4@3m to 1217m for the same unit electrode spacing showed
that the last 3 layers is probably compose of saaddstone, shale, limestone, clay and

dolomite.

Table 1 Interpretation table for Location 1

NAME OF SURVEY SITE: Eguare community
ELECTRODE SPACING: 2.5m
LAYER NO | IN-LINE(m) | CROSS-LINE(m)| RESISTIVITY INTERPRETATION
RANGE
1 0.88 0.88 lateritic soill,
2 1.0 1.0 259-5030m Sand,
> Sandstone
3 1.16 1.16 '
Sandclay,
d Limestone,
Shale.
4 1.33 1.33 " Sand,
5 1.53 1.53 503-1210Dm | Sandstone,
6 1.76 1.76 - Shale,
Limestone,
’ Clay,
Dolomite.
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236 - 367Qm lateritic soil

367-573Qm sand

573-715Qm clay

715-893Qm sand stone

893-1114Qm Shale

1114Qm lime stone/dolomite

L e i

Figure 5: Legend showing the Aggregate/Mineral distributiothe subsurface of study area.
CONCLUSION

The 2 — Dimensional Electrical Resistivity Survayiror Mineral Deposit in Eguare, Igueben
LGA, South — South, Nigeria, has successfully bearried out engaging geoelectrical
resistivity imaging in which the resistivity is aWwed to vary both laterally along and
vertically beneath the survey line but constarthanperpendicular direction. This was carried
out using the dipole — dipole electrode configumratiThe resolution of the images help to
delineate appropriately the subsurface structurd anth their respective resistivity
distributions presented.

The survey locations were observed to be compobéatasitic soil, sand, sandstone, shale,

limestone, clay, dolomite with resistivity valuemging between 259Mto 21592M for the
unit electrode spacing adopted. Therefore, it &sifde to carry out an investigation of this

type by engaging the instrumentality of electrieaistivity method.
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