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Summary. This is a detailed geophysical research into the anomalous zones identified by pre-
vious aeromagnetic studies in the area. Integrated 2D geoelectric prospecting methods involving
ERT, IP and SP techniques were used to delineate subsurface structure suitable for gold minerali-
zation potential in parts of the Yauri, Shanga, and Magama areas of the states of Kebbi and Niger
in the northwest Nigeria. The ERT, IP and SP measurements were carried out with a dipole-dipole
configuration and the SuperSting resistivity meter. The research results revealed regions with
low/high resistivity, high chargeability, and high SP values, which were identified as mineral po-
tential zones. The ERT technique has helped to delineate regions with low resistivity anomalous
which correspond to oxidized rocks associated with granite/quartzite veins. High resistivity range
could exist over dyke structures associated with partially decomposed granite and quartzite, as in-
dicated by the geological setting and borehole log of the area. The IP technique revealed a high
chargeability (> 20 milliseconds) in the study area, possibly due to the accumulation of metallic
minerals in host rocks, such as gold. The SP technique has also helped to identify regions with high
SP anomalies (>20 mV), which are characterized by vein-bearing ore minerals. The integration of
ERT, IP, and SP results revealed oxidized rock zones, dyke subsurface structures of decomposed
quartzite, granite, gneiss, and ore mineral veins. These zones are located in the northwest Mararra-
ba, the southwest Jinsani, and the southern Sabon Gari in Niger and Kebbi states. The areas could

be considered a potential pathway for gold exploration and exploitation.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

There are many areas of gold occurrence in Nige-
ria mainly associated with the schist belts which are
composed of rocks like gneisses, schists, quartzites,
amphibolites and granitoids (Olalekan et al., 2016;
Ejepu et al., 2018). Gold mines are very important
economic assets for many countries in the world in-
cluding Nigeria in particular, therefore these activities
require a geophysical approach that will delineate
possible pathways for gold exploration and exploita-
tion (Augie and Ridwan, 2021; Augie et al., 2021a).
Two-dimensional electrical resistivity tomography
(ERT), induced polarization (IP) and self-potential
(SP) are some of the geophysical methods used for
mapping the potential zones, especially those of gold
(Bagare et al., 2018). Oduduru and Mamah (2014)
revealed that the integration of electrical resistivity
tomography and IP methods can be powerful and ef-
fective diagnostic tools to delineate geologic struc-
tures and for the identification of strata. The IP tech-
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nique has been used over the past 30 years with pro-
ven potential in providing in-situ information about
rock mineralogy, particularly in the search for dis-
seminated minerals with electronic conductivity
(Unuevho et al., 2016; Amoah et al., 2018).

Various field mapping exercises were conducted
in the southern part of Kebbi NW Nigeria with the
view of assessing the mineralization potential using
acromagnetic data alone. Consequently, mineraliza-
tion potentials have been reported in the area by these
studies (e.g. Ramadan and Abdel-Fattah, 2010; Bonde
et al., 2019; Lawali et al., 2020; Lawal et al., 2021;
Augie et al., 2021a, 2022b and 2022¢). Results from
these studies reveal major structural trends in the area
oriented along ENE-WSW, NE-SW and E-W direc-
tions while minor trends were along NW-SE, NNE-
SSW, NNW-SSE and N-S directions of the area.
These results are generally concordant with the main
regional structural trend dipping to the NW. The re-
sults also revealed that the southern part of the Kebbi,
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NW Nigeria is dominantly a basement complex,
which may play host to economic minerals. Augie et
al. (2021b, 2022b, 2022c¢) further revealed that the
structures delineated within the area when compared
with the geological setting, correspond to quartz-mica
schist, granite, biotite, gneiss, diorite, medium coarse-
grained and biotite hornblende granite. The regions
correspond to SE parts of Yauri and Shanga, Fakai,
Ngaski, Zuru, Magama, Rijau, and the eastern part of
Wasagu/Danko and Bukkuyum.

However, previous studies have only used aero-
magnetic data and the anomalous zones detected from
the aeromagnetic studies were not followed up by
detailed work. A combined 2D ERT, IP and SP geo-
physical methods for gold prospects and their associa-
ted mineralization have not been conducted in the
area. The 2D ERT would be used to unveil lithologi-
cal boundaries and geologic structures such as faults,
dykes, veins and other mineral trapping structures
associated with gold-bearing alteration zones (Loke
and Barker, 1996; Loke, 2004). Likewise, IP and SP
methods are particularly useful for detecting dissemi-
nated minerals that are difficult to detect using resis-
tivity alone (Unuevho et al., 2016). This integrated
method would be employed to delineate gold mineral-
bearing zones and lithological boundaries. The IP, SP
and Resistivity are some of the geophysical methods
used for mapping the gold minerals as they contribute
to better-fined targets. The inversion of resistivity, [P
and SP data could throw light into the subsurface by
tomographic and other pattern analyses associated
with gold mineralization (Shao et al., 2021).

This paper used data from 2D electrical resistiv-
ity tomography, induced polarization and self-
potential data with the view to delineate the gold-
bearing alteration zones and other subsurface stria-
tions as a potential host for other mineralization. The
results from these techniques were used to map
probable gold anomalous zones within the study area
where detailed exploration for the gold can be con-
centrated. The dipole-dipole array was adopted be-
cause of its low EM (electromagnetic) coupling be-
tween the current and potential circuits, very sensi-
tive to horizontal and vertical changes in resistivity.
It is good for mapping vertical structures, such as
dykes and cavities. It has a better resolution than
both Wenner and Schlumberger configurations
(Loke and Barker, 1996; Loke, 2004).

2. Theoretical Framework and Field

Procedures

In geoelectrical methods, the current is driven
through one pair of current-electrodes (A and B) and
the potential differences are measured with the aid
of pair of potential-electrodes (M and N) connected
to a sensitive voltmeter called a Resistivity meter

(Telford et al., 1990; Augie et al., 2022a). This will
possibly determine an effective or apparent resistivi-
ty of the subsurface as shown in Fig. 1:
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Fig. 1. Diagram used to determine the potential difference be-
tween two points

Ohm’s law described that resistance (R) which
is usually measured in ohm of a rock or particular
sample is directly proportional to the length (L) of
the resistive material (i.e., earth materials) and in-
versely proportional to its cross-sectional area (A) as
given in equation (1):

Rax (1)

L
R=p- (2)
where
p, the constant of proportionality called electrical
resistivity. Electrical Resistivity is independent of
the shape or size of the material but there are factors
which affect the electrical resistivity such as mois-
ture content, composition of strata, temperature and
electrolytes. It is the true resistivity, and the resis-
tivity values of rocks and minerals can be classified
as good conductors, bad conductors, or isolators
(Dahlin and Zhou, 2004).
According to Ohm's law:

R=% 3)
and
AV = VZ - V1 (4)

where; AV is the potential difference between the
earth materials, I is the electric current through it
and R is the resistance of the earth materials.
Substituting equation (3) into (2):
- =P ®)
This implies:

p=7() ©)
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where
A = 2nr? (hemispherical area under the earth) and
r = L (distance away from the source).

The potential difference (4V):

AV = 2% (7)
av=2(;) ®)

r is the distance between the current electrode point
and the point where potential is measured.

Total potential at M due to current electrodes A
and B (see Fig. 1);

_Ip(1 1
VM ap) =3 (E - E) )

s

Total potential at N due to current electrodes A

and B;
_Ip(1_ 1
Vwam =3, (r3 r4) (10)
The net potential difference is:
AVyn (AB) = Vm (AB) — Vn (A,B) (11)
_Ipf1 1 1 1
MWunam =5 (=55t (12
AV 1
’)=_72”<i_i_i+i> (13)
rl r2 r3 r4
and
1 AV
K=27T<i_i_i L>’R=T (14)
rlTL r2 r3 r4
Therefore
p = KR (15)
where; K is the geometrical factor of the electrode
arrangement.

Time-domain IP estimations include observing
the decaying voltage after the current is turned off.
The most ordinarily measured parameter is the
chargeability M, defined as the area A beneath the
decay curve over a certain time interval standardized
by the consistent state potential difference AVc
(Bagare et al., 2018).

1ty

Mo A L

v, = vy v(t) dt

(16)

Chargeability is measured over a specific time
stretch not long after the polarizing current is cut off.
Area A is determined within the measuring appa-
ratus by analogue integration. Different minerals are
distinguished by characteristic chargeabilities, for
example, pyrite has M = 13.4 ms over an interval of
1 s, and magnetite 2.2 ms over the same interval
(Bagare et al., 2018).
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The total SP anomaly can be defined as (Fedi
and Abbas, 2013)

S(P) = [, V-Zdr (17)
where, K is the electric dipole moment due to charge
accumulation, either primary or induced, and r is the
distance from the observation point P.

The streaming potential Ex which 7 is observed
when a solution of electrical resistivity p and viscos-
ity p is forced through the capillary of the porous
medium. The resultant potential difference between
the ends of the passage is: (Telford et al., 1990;
Jamaluddeen et al., 2014; Augie et al., 2022a)

_ $APKy

E, =
k amn

(18)
where & is the adsorption potential, AP is the pressure
difference and Kp is the solution dielectric constant.

2.1 Location and Geological Setting of the

Study Area

The fieldwork was conducted in some selected
areas of the Kebbi and Niger States. These areas are
Shanga (Sabon Gari) and Yauri/Ngaski boundaries
(Mararraba) of Kebbi state, and also Magama (Irana)
of Niger State NW Nigeria (see Fig. 3). The study
areas lie between latitudes 11°5'10"N to 11°5'40"N
and longitudes 4°43'0"E to 4°43'25"E (Sabon Gari),
latitudes 10°47'55"N to 10°4820"N and longitudes
4°42'0"E to 4°54'0"E (Mararraba), and latitudes
10°31'40"N to 10°32"20"N and longitudes 4°55'59"E
to 4°56'15"E (Irana).

Geologically, the study area falls under the base-
ment complex rocks associated with: granite, rhyolite,
biotite-granite, meta-conglomerate, quartz-mica schist,
migmatite, undifferentiated schist including gneiss,
biotite gneiss, medium coarse-grained and biotite-
hornblende granite (Fig. 2). The southern part of Kebbi
of the basement complex/schist belt is called Zuru-
Yauri Schist Belts (Danjumma et al., 2019; Olugbenga
and Augie, 2020), consist of an assemblage of musco-
vite-biotite banded gneisses, porphyroblastic gneisses,
migmatites, schists, quartzites, metavolcanics (am-
phibolites), quartzites, mica schists, granulites, calc-
silicates older granites and minor rocks such as gabbro,
andesite, granulites and calc-silicates.

The structural elements in Zuru Schist Belt are
the major NNE-SSW to NE-SW trending B/Yauri,
Yauri and Ribah dextral faults, an NW-SE trending
Gunu sinistral fault and a major N-S trending anticli-
norium called the Zuru anticlinorium (Sani et al.,
2019; Danbatta, 2005). These schists are litholo-
gically different from the other schists belt in north-
western Nigeria and it is predominantly composed of
quartzites with very subordinate schists and amphibo-
lites (Danjumma et al., 2019; Danbatta, 2008).
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Fig. 2. Location and geological map of the study area

3. Methodology

In this study, a 2D geoelectrical survey was car-
ried out at Yauri/Ngaski boundaries (Mararraba),
Shanga (Sabon Gari) of Kebbi state, and also Maga-
ma (Irana) of Niger State NW Nigeria. An area of 490
m?, 640 m?, and 490 m? fields were investigated using
a dipole-dipole configuration with minimum elec-
trode spacing (a) of 10.00 m. A total of 7 profiles
were designed for each 300 m distance along the pro-
file, oriented NW-SE (Fig. 3). Profiles 1 and 2 were
conducted at Magama (Irana), profiles 3 and 4 — at
Shanga (Sabon Gari), and profiles 5, 6, and 7 — at
Yauri/Ngaski boundaries (Jinsani and Mararraba).

The data was taken with the aid of Super Sting
(resistivity meter) coupled with an electrode selector
and powered by a 12 V battery. This instrument has the
capability of measuring apparent resistivity, IP, and SP
data. It has a transmitter with automatic/or user se-
lectable currents in milliamps as; 1, 2, 5, 10, 20, 50,
100, 200, 500 and 1000 mA. The distance, between the
two current electrodes (C1 and C2), is the same as that
between the potential electrodes (P1 and P2). Distance
between the current electrode C1 and the potential
electrode P1 (dipole separation factor) was made in

multiple of an integer n of the distance between the
current and potential electrode pair (Fig. 4).

Initially, the dipole separation factor n was set
to be 1, then it is increased to 2, 3, and so on until a
maximum value of 8. Thus, both the dipole separa-
tion factor (n) and the spacing between the current
electrode pair (@) were recorded. Measurements
were done at an electrode spacing of 10 m and n was
setat 1, 2, 3, up to 8 (Fig. 4). The more the increase
inn which would equally increase the electrode
spacing, the more the injected current flows to great-
er depths (Loke and Barker, 1996).

For the first measurement, electrodes number 1,
2, 3, and 4 were used. Electrode 1 was used as the
second current electrode (C2) at 0 m, electrode 2 as
the first current electrode (C1) at 10 m, electrode 3 as
the first potential electrode (P1) at 20 m, and elec-
trode 4 as the second potential electrode (C2) at 30 m.

Likewise, in the second measurement, elec-
trodes number 1, 2, 3, and 4 were used for C2 at
10 m, C1 at 20 m, P1 at 30 m, and P2 at 40 m
respectively. These procedures were repeated down
the profile line using la 2a, 3a, 4a, 5a, 6a, 7a,
and 8a spacing between C1 and P1 where ¢ is 10 m.
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Fig. 3. Field survey layout using the dipole-dipole electrode configuration

At each measurement, the measured ground apparent
resistivity, IP, and SP data were obtained. The ac-
quired data were processed with the RES2DINV
program developed by Loke (2004), which automat-
ically determines a 2D resistivity and IP models for
the subsurface. SP data were also analyzed and pro-
cessed using surfer software version 13.

a na
A Gt =] n=2 n=3 n=4
\\ /, /, /, /,
~ T s £ el
b < ' s ”
LY ” ' E -
& - » s o~ o~ e n=1
I ~ s 7/ rd
. s xS . n=2
P i L5 Fd e
. r's » b ¢ o . e n=3
,/ rd rd b s h=4
P T A S

Fig. 4. Illustration of dipole-dipole array and pseudosection for
putting the measured apparent resistivity and IP (Wahyu et al.,
2016)
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4. Result

In this study, the interpretation of the 2D
geoelectric modeled sections is associated with
the geological setting of the area. These include
the borehole lithology of the southern part of
Kebbi obtained from RUWASA (Rural Water
Supply and Sanitation Agency) as shown in Ta-
ble 1 and resistivity values obtained from previ-
ous works in the same basement complex which
were used to correlate the results of the present
survey (Osazuwa and Chii, 2010).

The sections have a vertical axis (y-axis)
corresponding to the depth of investigation
and a horizontal distance axis (x-axis) repre-
senting distance along the profile. The inverse
section of each profile was interpreted in
terms of geology (Fig. 2) and related infor-
mation. The summary of results obtained from
the integrated methods is given in Table 2.
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Table 1
A borehole/lithology log of southern part of Kebbi areas (SARDA, 1988; Osazuwa and Chii, 2010)
Lithology Depth(m) Thickness(m) Resistivity range (QQm)
Lateritic Sand 0-2 2 60-1000
Highly Decomposed Schist 2-10 8 10-500
Partially Decomposed Granite 10-15 12 100-1000
Quartzite’s and Gneiss 15-21 16 200-100000

4.1 Resistivity Model Section for Profile 1 (P1)

Profile 1 covers a lateral extent of 300 m (Fig.
5a). It is oriented in the NW-SE direction and lies
between latitudes 10°32'13.2"N to 10°32'6"N and
longitudes 4°56'6"E to 4°55'58"E (Fig. 3). The sub-
surface features from Fig. 5(a) could be sectional-
ized into four: A, B, C, and D zones. Zone A is
characterized by low resistivity values ranging from
117 Qm to 944 Qm. It has a lateral length of 5-45 m,
55-102 m, 145-165 m, and 241-285 m at a
depth/thickness of 19 m, 19-24.9 m, 19 m, and 17-
24.9 m. Zone B has resistivity values of 945 Qm to
7638 Qm. This zone occupied a length of 50-90 m
and 60-105 m, at a depth/thickness of 13 m and
18.5-20 m respectively. C is characterized by resis-
tivity values ranging from 7639 Qm to 21728 Qm
and it occupied the distance along the profile from
90-165 m at a depth/thickness of 18.5 m. However,
zone D is characterized by the resistivity of 61815
Qm to 175857 Qm, it has a length of 90-140 m and
160-250 m with a corresponding depth/thickness of
7.5-24.9 m and 24.9 m.

@ Profile One (P1)

Depth Itlnl ation & fAbs. urlur‘ =

120.0

The suggested subsurface lithology for features
A, B, C, and D from Table 1, could be lateritic soil,
highly decomposed schist, partially decomposed
granite and quartzite, and quartzite/gneiss. However,
low resistivity regions of A could be a result of wa-
ter content and weathering in the oxidized rock.
Some minerals, particularly gold, could be hosted
mostly in a rock corroded by water called oxidized
rocks, mainly of granite or rhyolite origin. Zone C of
partially decomposed granite and quartzite has
formed the dyke structures. Dyke subsurface struc-
tures of decomposed granite and quartzite usually
play a pivotal role in determining the gold mineral.
Zone D is the region with the highest resistivity.
When compared to the borehole log and geological
setting of the area, the region is underlain by quartz-
ite and gneiss. These highest resistivity regions
could be caused by the inclusion of impurity ions
into particular minerals, which has a significant ef-
fect on resistivity of the zone. The results of the in-
verse model section (Fig. 5a) were indicated in the
geologic section as given in Fig. 5(b).
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Fig. 5. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset Along Profile One (P1)
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4.2 IP Model Section for Profile 1 (IP1)

Fig. 6 shows the inverse model chargeability
section of profile one (IP1) which revealed the sig-
natures of minerals. The model shows zones (Al)
with the highest chargeability values ranging from
38.4 to 290 msec along the profile. It occupied the x-
position of 120-140 m and 170-190 m and appeared
at a depth/thickness of 18.5-24 m and 12.8 m. These
regions with higher chargeability were further ex-
tended to 230-260 m and 205-290 m along the pro-
file at a depth of 18.5 m and 24.9 m respectively.
Higher chargeability usually occurs as a result of an
accumulation of metallic minerals in host rocks such
as gold minerals. These regions could be considered
as a potential target for exploration particularly me-
tallic minerals, particularly gold mineralization.

4.3 SP Section for Profile 1 (S1)

Fig. 7 gives the results of the SP section along
profile one (S1). The sections revealed the high
SP values ranged from 20 mV and above. They
occupied the x-positions of 0-10 m, 55-75 m, and
120-140 m at a depth/thickness of 50 m, 80 m, and
40 m. These regions were labeled as zone A2.
High SP values could occur as a result of either
the reduction-oxidation effect associated with ore
bodies and organic matter-rich-contaminants, or
the streaming potential which is related to water
flow (Lobo-Guerrero, 2004). For this, the regions
with high SP values were characterized by vein
(i.e quartz vein as compared with Fig. 2) bearing

IP Profile One (IP1)

Depth It?ratlnn & Abs. errur - 2.5
l

12II L[]

ore minerals. The veins could be associated with
gold mineralization as compared with the geologi-
cal setting coupled with the borehole log of the
area (Table 1).

4.4 Resistivity Model Section for Profile 2 (P2)

The 2D inverse section for P2 situated in the
NW-SE direction was given in Fig. 8(a). It covers a
length of 300 m and lies between latitudes
10°32'2.4"N  to 10°31'55.2"N and longitudes
4°55'56.6"E to 4°58'8"E (see Fig. 3). The subsurface
section in Fig. 8(a) was categorized into four zones:
A, B, C, and D. Zone A is described by low resis-
tivity values ranging from 113 Qm to 594 Qm, it has
a sidelong length of 10-30 m, 160-165 m, and 202-
222 m at a depth/thickness of 12 m, 24.9, and 2.5 m
respectively. Zone B has resistivity values of 1359
Qm to 3112 Qm, it has occupied a lateral distance of
12-41 m, 50-80 m, 110-160 m, 169-230 m, 231-249
m, and 270-285 m, and a corresponding
depth/thickness of 24.9 m, 24.9 m, 12.8, 18.5 m,
24.9 m, and 18.5 m, respectively. C is portrayed by
resistivity values going from 3113 Qm to 7123 Qm,
it covers the distance along the profile from 41-50 m
and 81-120 m and a depth/thickness of each 18.5 m.
Nonetheless, zone D is portrayed by the resistivity of
7124 Qm to 37331 Qm, it has occupied a length of
41-70 m, 50-80 m, 110-160 m, 169-230 m, 170-220
m, 231-249 m, and 270-285 m at a corresponding
depth/thickness of 12-24.9 m, 7.5-12 m, 12-24.9 m,
13.0-249 m and 250-270 m respectively.
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Fig. 6. Inverse Model Chargeability Section for Profile One (IP1)
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The subsurface lithology for highlights A, B, C,
and D from Table 1 could be lateritic soil, highly
decomposed schist, partially decomposed granite
and quartzite, and quartzite/gneiss. However, the
low resistivity signature (zone A) in these regions
could be a result of water content and weathering in
the oxidized rock. This type of rock is mainly of
granite or rhyolite origin. It could host some metallic
minerals, particularly gold. Zone C has formed the
dyke subsurface structures of decomposed granite and
quartzite. These structures could play a pivotal role in
determining the gold minerals. The results of the in-
verse model section given in Fig. 8(a), were trans-
formed into a geologic section as shown in Fig. 8(b).

4.5 IP Model Section for Profile 2 (IP2)

The 2D inverse model chargeability section for
profile two (IP2) was given in Fig. 9. The section
has revealed the signature of minerals namely
zones Al. These zones have the highest chargeabil-
ity values ranging from 35 msec and above, which
are located on along the x-positions of 35-60 m, 50-
85 m, 140-175 m, 110-195 m, 198-220 m and 230-
250 m at a depth/thickness of 12.8-24.9 m, 12.8 m,

12.8-24.9 m 12.8 m, 7.5 m and 18.5 m respectively.
Higher chargeability of zones Al could occur as a
result of an accumulation of metallic minerals in host
rocks. These regions with high chargeability could be
considered as a potential target for the exploration of
metallic minerals such as gold mineralization.

4.6 SP Section for Profile 2 (S2)

The results of the SP section along with profile
one (S1) were given in Fig. 10. The sections under
the x-position of 0-54 m, 50-60 m, 61-100 m, 145-
155 m, 160-210 m and 115-140 m at corresponding
depth/thicknesses of 80 m, 80 m, 20-65 m, 40 m, 60
m, and 80 m have high SP values ranging from 20
mV and above. These areas were named zone A2.
High SP values could happen because of either re-
duction-oxidation impact related to mineral bodies
and natural matter-rich-pollutants, or the streaming
potential which is connected with fluid flow. The
zones with high SP signatures were described by
vein-bearing metallic minerals. These veins could be
related to gold mineralization as compared with the
geological setting combined with the borehole log of
the area.
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Fig. 10. SP 2D Section for Profile Two (S2)

4.2.7 Resistivity Model Section for Profile 3 (P3)

Fig. 11(a) is the 2D inverse model section for
profile 3. It is oriented in the NW-SE direction and
has a lateral distance of 300 m. The profile lies be-
tween latitudes 10°47'56.4"N to 10°48'3.6"N and
longitudes 4°45"7.2"E to 4°45'18"E (see Fig. 3.).
The subsurface feature was sectionalized into four
different zones namely: A, B, C, and D. Zone A is
characterized by resistivity values ranging from 1.6
Qm to 459 Qm, and are located on 10-80 m, 190-
200 m, 250-265 m along the profile and a
depth/thickness of 12.0 m, 18.5-24.9 m and 7.5-18.5
m respectively. B has resistivity values of 460 Qm
to 1888 Qm, it covers a length of 30-110 m, 130-149
m, 190-200 m and 245-265 m at a corresponding
depth/thickness of 2.5-18.5 m, 24.9 m, 18.5 m and
2.5-18.5 m. C is characterized by resistivity values
going from 1889 Qm to 7773 Qm, it covers the dis-
tance along the profile of 35-55 m, 70-92 m, 105-
130 m, 145-180 m, 200-210 m and 220-270 m and a
depth/thickness of 8-24.9 m, 3-24.9 m, 24.9 m, 24.8
m, 24.9 m and 7.5 m. Likewise, zone D is portrayed

(a) Profile Three (P3)

Depth lterat‘lnn & Abs. error =-17.2 &
I 120 L]

by the resistivity of 7774 Qm to 32002 Qm, it has
occupied a length of 100-125 m, 175-190 m, 200-
250 m and 265-290 m at a corresponding
depth/thickness of 7.5-24.9 m, 12-24.9 m, 2.5-24.9
m and 18.5 m respectively.

The subsurface lithology for features A, B, C,
and D as compared with Table 1 could be lateritic
soil, highly decomposed schist, partially decom-
posed granite and quartzite, and quartzite/gneiss.
However, zone A of low resistivity areas could re-
sult from water content and enduring in the oxidized
rock. Some minerals, especially gold, could be facil-
itated by this kind of oxidized rock that originates
from granite or rhyolite. Zone C is associated with
partially decomposed granite and quartzite which
form dykes. Dyke subsurface structures of the
aforementioned rock formation could play a pivotal
role in determining the gold mineral. The results of
the inverse model section given in Fig. 11(a) were
further transformed into a geologic section as shown
in Fig. 11(b).
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Fig. 11. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Three (P3)
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4.8 IP Model Section for Profile 3 (IP3)

The results of 2D inverse model chargeability
sections along profile three (IP3) were given in Fig.
12. The sections revealed clearly the regions where
exhibit metallic minerals, namely zone Al. These
regions have the most noteworthy chargeability val-
ues > 20 msec. The zone covers an x-position of 45-
60 m, 190-202 m and 202-255 m at a corresponding
depth/thickness of 7.5-18.5 m, 7.5 m and 12.8-24.9
m. The higher chargeability of zone Al generally
happens because of the collection of metallic minerals
in host rocks. These locales could be considered as a
possible objective for the investigation of specific
metallic minerals, particularly gold mineralization.

4.9 SP Section for Profile 3 (S3)

The results of the 2D SP section along profile
one (S1) were given in Fig. 13. The regions with
high SP (= 40 mV) signatures were labeled as
zone A2. It has a lateral distance of 0-40 m, 50-60
m, 70-100 m, 120-200 m, 140-135, 190-240 m and a
depth/thickness of 70 m, 21 m, 21-41 m, 15 m, 80 m
and 21-80 m respectively. These regions with high
SP signatures were depicted by veins, bearing metal-
lic minerals. And these veins could be connected with
gold mineralization as compared with the geological
setting coupled with the borehole log of the area.

4.10 Resistivity Model Section for Profile 4 (P4)
Profile 4 covers a lateral extent of 300 m (Fig.
14a). It is oriented in the NW-SE direction and lies
between latitudes 10°48'0"N to 10°48'7.2"N and
longitudes 4°44'52.8"E to 4°45'0"E (see Fig. 3). The
subsurface variations of resistivity were categorized

IP Profile Three (IP3)

Depth Iteration & Abs. error = 3.4
a.0 hD.D 8o.0 120.0

into zone A, B, C and D. A is characterized by resis-
tivity values ranging from 4.6 Qm to 601 Qm, it co-
vers a lateral distance of 5-40 m, 165-185 m, 245-
260 m, and a depth/thickness of 7.5 m, 18.5-24.9 m
and 18.5-24.9 m respectively. B has resistivity val-
ues of 602 Qm to 2033 Qm, it covers a length of 40-
90 m, 120-150 m, and 155-190 m at a corresponding
depth/thickness of 12 m, 7.5 m and 18.5-24.9
m. Cis characterized by resistivity values going
from 2034 Qm to 6873 Qm, it covers the distance
along the profile of 10-90 m, 95-120 m, 140-170 m,
180-205 m, 240-270 m, and a depth/thickness of 2.5-
12.8 m, 24.9 m, 12.8 m, 12.8 m and 18.5 m. Howev-
er, zone D is portrayed by the resistivity of 6874 Qm
to 23241 Qm, it located on 10-105 m, 115-155 m,
170-180 m, 200-245 m, and 270-290 m along the
profile at a corresponding depth/thickness of 7.5-
249 m, 7.5-24.9 m, 12.8 m, 24.9 m and 18.5 m re-
spectively.

The subsurface variations for zones A, B, C and
D in relation to Table 1, could be lateritic soil, high-
ly decomposed schist, partially decomposed granite
and quartzite, and quartzite/gneiss. However, low
resistivity (zone A) in these regions could be be-
cause of water content as well as weathering in an
oxidized rock. These rock types are basically of
granite or rhyolite origin. As such, it could be asso-
ciated with some minerals, especially gold. Zone C
formed the dyke structures associated with partially
decomposed granite and quartzite. These structures
could play a pivotal role in determining the minerals,
particularly gold mineralization. These results led to
the development of the geologic section as given in
Fig. 14(b).
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(a) Profile Four (P4)

Depth [Iteration & Abs. error = 5.5 %
a.a hD.B

80.0 120.0

Distance Along the Profile (m)

160.0 208.0 25D.0 280.0 n.
vy i H N "

2.50 "
7.58
12.8

18.5

9
Inverse Model Resistivity Section

N . .. T

- - [ [ ] [ [ ..
h.60 15.5 52.6 01 2033 [LTE] 23241
ﬁesistiuitg in ohn.m Upit electrode spacing is 10.0 m.
(b) <
Distance Along the Profile (m)
0.0 a0.0 UU n iz20.0 160.0 200.0 250.0 280.0 n.
g 2.58
= 7.50
T 12.8
18.5
289

Legend E E’é&m‘

Lateritic Soil

<
Highly Decomposed Schist  Partially Decomposed Granite and Quartzite Quanques and Gniess

Fig. 14. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Four (P4)

4.11 IP Model Section for Profile 4 (IP4)

Fig. 15 gives the results of the 2D inverse model
chargeability section for profile four (IP4). The section
uncovered some attributes of minerals, particularly with-
in zone Al. The zones of A1’s have the most imperative
chargeability values ranging from 20 msec and above. It
covers the lateral distance of 35-65 m, 55-80 m, 145-160
m, 200-220 m and 221-250 m at the corresponding
depths of 12.8-24.9 m, 12.8 m, 18.5 m, 7.5 m and 7.5-
24.9 m. Higher chargeability in zone A1 is for the most
part happening given an assortment of metallic minerals
in host rocks. These areas could be considered as a po-
tential target for the examination of explicit metallic
minerals, particularly gold mineralization.

IP Profile Four (IP4)
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4.12 SP Section for Profile 4 (54)

Fig. 16 gives the results of 2D SP sections
along profile four (S4). The layer with high SP
values (> 50 mV) was labeled as zone A2. It covers
the lateral length of 1-40 m, 85-100 m, 145-200 m
and 190-250 m, and a depth/thickness of 80 m, 22-
60 m, 40 m and 80 m respectively. These regions
with high SP values could occur due to either re-
duction-oxidation influence related to mineral bod-
ies. These arecas with high SP values were por-
trayed by vein-bearing metallic minerals. As such,
the veins could be associated with gold mineraliza-
tion in relation to the geological setting together
with the borehole log of the area.
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4.13 Resistivity Model Section for Profile 5 (P5)

The 2D resistivity model section along profile five
was given in Fig. 17(a). It covers a lateral distance of
300 m and lies between latitudes 10°47'42"N to
10°47'49.2"N  and longitudes 4°44'56.4"E to
4°45'"72"E (see Fig. 3). The subsurface resistivity
signature was categorized as zones A, B, C and D. A
is characterized by resistivity values ranging from
2.99 Qm to 966 Qm, it has occupied a length of 5-80
m, 90-105 m, 135-160 m, 170-190 m, 235-50 m and
270-290 m, and a depth/thickness of 7.5 m, 18.5-24.9 m,
7.5-18.5 m, 24.9 m, 18.5-24.9 m and 7.5 m respec-
tively. B has resistivity values of 967 Qm to 4095
Qm, it covers a length of 10-90 m, 91-120 m, 145-
180 m, 190-220 m and 240-270 m at a corresponding
depth/thickness of 3-7.5 m, 18.5 m, 12.8 m, 24.9. m,
and 18.5 m. Cis characterized by resistivity values
going from 4096 Qm to 17353 Qm, it covers the dis-
tance along the profile of 120-150 m, 160-175 m,
195-210 m, 220-240 m and 250-270 m,and a
depth/thickness of 12.8 m, 18.5-24.9 m, 12.8-18.5 m,
19 m and 7.5-24.9 m respectively. However, zone D
is portrayed by the resistivity of 17354 Qm to
73547 Qm, it has a length of 10-90 m, 110-170 m
and 220-235 m at a corresponding depth/thickness of
7.5-24.9 m, 12.8-24.9 m and 12.8-18.5 m, respectively.

The suggested subsurface lithology for features A,
B, C, and D from Table 1 could be lateritic soil, high-
ly decomposed schist, partially decomposed granite
and quartzite, and quartzite/gneiss. Zone A is associa-
ted with oxidized granite/quartzite and gneiss, and it
could ordinarily be related to certain minerals, partic-
ularly gold. Zone C is also a potential zone for metal-
lic minerals as it formed the dyke structures associat-
ed with partially decomposed granite and quartz-
ite. These structures could play a pivotal role in de-
termining the minerals, particularly gold mineraliza-
tion. These results led to the development of the geo-
logic section as given in Fig. 17(b).

4.14 IP Model Section for Profile 5 (IP5)

Fig. 18 revealed chargeability sections along
profile five (IP5). The sections with high chargea-
bility were labeled as zone Al. The zones cover a
length of 30-45 m, 135-150 m, 140-170 m and
210-240 m and a depth/thickness of 7.5-18.5 m,
18.5-24.9 m, 2.5-18.5 m and 18.5 m respectively.
Higher chargeability regions, A1l (70 msec and
above) could occur as a result of the existence of
metallic minerals. These regions could be consid-
ered as an expected objective for the assessment
unequivocal of gold mineralization.

(a) Profile Five (P5)
Distance Along the Profile (m)
pepth Iteration & Abs. error = 7.8 %
0.0 N0, 0 80.0 120.0 160.0 200.0 250.0 280.0 n
2.50 e
Fo = il
7.50 = a N
12.9 =% 0 % } H':j S
] Lo
18.5 B & P
- i ol N\ 4
°" Inverse Model Resistivity Section
L) § ) | jEmjejea)  pemimmjeogeny f O § |
2.99 12.7 53.8 228 66 ho9s 17353 Tasu7
Resistivity in oha.m Unit electrode spacing is 10.0 m.
(b) ' Distance Aleng the Profile (m)
0.0 ho.D 80.90 120.0 160.0 200.0 2n0.0 Z2B0.0 n
i A A " N A
2.50 e,
1,9 7.50 e S
_;I 12.8 "‘-':"#f.'f%% ¥ It
= e K R 5
- . >
B -

6.9

Legend

Lateritic Soil

EE@_-; '.1

= car 3 Pt &) . - -
Highly Decomposed Schist  Partially Decomposed Granite and Quartzite  Cuarizites and Gniess

Fig. 17. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Five (P5)
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4.15 SP Section for Profile 5 (S5)

The results of 2D SP sections along profile five
(S5) were given in Fig. 19. The section with high SP
values (20 mV and above) was labeled as zone A2.
These regions occupied a length of 60-80 m, 81-100
m and 140-180 m and a depth of 20-30 m, 45-64 m
and 80 m respectively. These areas with high SP
values were portrayed by vein-bearing metallic min-
erals. For that, the veins could be associated with
gold mineralization related to the geological setting
together with the borehole log of the area.

4.16 Resistivity Model Section for Profile 6 (P6)

Fig. 20(a) shows the 2D resistivity model sec-
tion along profile six (P6). It is oriented in the NW-
SE direction and covers a lateral extent of 300 m.
The profile lies between latitudes 11°524"N to
11°5'34.8"N  and longitudes 4°43'8.4"E to
4°43'19.2"E (see Fig. 3). The subsurface feature was
sectionalized into zones A, B, C and D. Zone A is
characterized by resistivity values ranging from 3.86
Qm to 373 Qm, it located on 5-45 m and 130-165 m,
along the profile and a depth/thickness of 24.9 m
and 18.5-24.9 m respectively. B has resistivity val-
ues of 374 Qm to 1168 Qm, it covers a length of 40-

SP Profile Five (S5)

0 50 100

(w) ydaq

45 m, 130-165 m and 240-250 m at a corresponding
depth/thickness of 24.9 m, 7.5-18.5 m and 12.8-18.5
m. Cis characterized by resistivity values going
from 41169 Qm to 3664 Qm, it covers the distance
along the profile of 50-80 m, 120-150 m, 190-210 m
and 230-270 m, and a depth/thickness of 24.9 m, 12.8
m, 18.5-24.9 m and 2.5-18.5 m. However, zone D is
portrayed by the resistivity of 3665 Qm to 11488 Qm,
it has a length of 50-60 m, 61-72 m, 80-130 m and
132-290 m at a corresponding depth/thickness of
12.8-24.9 m, 2.5-12.8 m, 24.9 m and 24.9 m.

The recommended subsurface lithology for high-
lights A, B, C, and D from Table 1 could be lateritic
soil, highly decomposed schist, partially decomposed
granite and quartzite, and quartzite/gneiss. Zone A is
associated with oxidized granite/quartzite and gneiss,
and it could ordinarily be related to certain minerals,
particularly gold. C is also an expected zone for me-
tallic minerals as it formed the dyke structures associ-
ated with partially decomposed granite and quartzite.
These structures could play a pivotal role in determin-
ing the minerals, particularly gold mineralization. The
result of the inverse model section given in Fig. 20(a)
was further transformed into a geologic section as
shown in Fig. 20(b).
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4.17 IP Model Section for Profile 6 (IP6)

2D chargeability section along profile six (IP6)
was given in Fig. 21. The sections with high charge-
ability (= 20 msec) were labeled as zone Al. The
zones occupied a length of 40-60 m, 75.5-120 m,
155-180 m and 200-220 m, and a depth/thickness
of 12.8 m, 24.9 m, 24.9 m and 12.8 m respectively.
Higher chargeability (zones Al)could occur as a
result of the existence of metallic minerals. These
regions could be considered as some of the expected
areas for the exploration of gold mineralization.

4.18 SP Section for Profile 6 (S6)

The results of the 2D SP section along profile
six (S6) were given in Fig. 22. The section with high
SP values (>20 mV) was labeled as zone A2. The
zones A2’s have a length of 0-50 m, 60-95 m, 110-
140 m, 100-134 m, 150-190 m and 191-145 m and a
depth/thickness of 80 m, 80 m, 44 m, 60-80 m, 80 m
and 20-80 m respectively. The regions of high SP
values were portrayed by vein-bearing metallic min-
erals. These veins could be associated with gold
mineralization as compared with the geological set-
ting coupled with the borehole log of the area.

4.2.19 Resistivity Model Section for Profile 7 (P7)

Profile 7 covers a lateral extent of 300 m (Fig.
23a). It is oriented in the NW-SE direction and lies
between latitudes 11°5'16.8"N to 11°524"N and longi-
tudes 4°43'15.6"E to 4°43'4.8"E (see Figure 3). The
subsurface features from Fig. 23(a) could be sectionali-
zed into four: A, B, C, and D. Zone A is characterized

IP Profile Six (IP6)
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by low resistivity values ranging from 17.5 Qm to
376 Qm, it is located on 10-30 m, 45-70 m, 90-120 m,
160-200 m and 250-270 m distance along the profile at
a corresponding depth/thickness of 2.5-18.5 m, 7.5-
18.5 m, 7.5-18.5 m, 12.8-24.9 m and 7.5-18.5 m re-
spectively. Zone B has resistivity features of 377 Qm
to 2912 Qm, it has a length of 50-90 m and 60-105 m,
and a depth/thickness of 12.8 m, 18.5 m and 12.8 m
respectively. Cis characterized by resistivity values
ranging from 2913 Qm to 8099 Qm, it covers the dis-
tance along the profile from 10-40 m, 150-160 m, 190-
235 m and 250-290 m and a depth/thickness of 12.8 m,
2.5 m, 12.8 m and 7.5 m respectively. However, zone D
is characterized by the resistivity of 8100 Qm to 22527
Qm, it has a length 0of45-90 m, 80-125 m, 00-150 m,
and 200-240 m and a depth/thickness of 12.8-24.9 m,
7.5m, 12.8-24.9 m, and 12.8-24.9 m respectively.

The suggested subsurface lithology for features
A, B, C, and D from Table 1 could be lateritic soil,
highly decomposed schist, partially decomposed gran-
ite and quartzite, and quartzite/gneiss. However, low
resistivity regions of zone A could be a result of water
content and weathering in the oxidized rock. Some
minerals, particularly gold, could be hosted mostly in a
rock corroded by water called oxidized rocks, mainly
of granite or rhyolite origin. Zone C of partially de-
composed granite and quartzite has formed the dyke
structures. Dyke subsurface structures of decomposed
granite and quartzite usually play a pivotal role in de-
termining the gold mineral. The results of the inverse
model section (Fig. 23a) were indicated in the geologic
section as given in Fig. 23(b).
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4.2.20 IP Model Section for Profile 7 (IP7)

The 2D chargeability section along profile sev-
en (IP7) was given in Fig. 24. It revealed the zone of
high SP values (= 61 msec), was labeled as zone Al.
The zones A1 cover the lateral extent of 1-60 m, 62-
80 m, 70-130 m, 150-190 m, 192-260 m and 265-
300 m and a depth/thickness of 24.9 m, 18.5-24.9 m,
249 m, 249 m,18.5 m and 18.5 m respectively.
Higher chargeability regions (zones Al) could be
considered as an assortment of metallic minerals that
could usually occur in a host rock. These areas could

IP Profile Seven (IP7)

be considered potential zones of metallic minerals,
particularly gold mineralization.

4.2.21 SP Section for Profile 7 (S7)

Fig. 25 gives the results of 2D SP segments along
profile seven (S7). The section with high SP values (> 20
mV) was labeled as zone A2. It has a length of 1-48 m,
60-125 m, 130-175 m and 200-300 m, and a depth/thick-
ness of 60 m, 80 m, 80 m and 60 m respectively. These
regions could be considered as the areas depicted by vein-
bearing metallic minerals, such as gold minerals.
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Fig. 24. Inverse Model Chargeability Section for Profile Seven (IP7)

SP Profile Seven (S7)

0 S0 100

(w) yydag

Distance Along the Profile (m)
150 200 250

Fig. 25. SP 2D Section for Profile Seven (S7)

194



10.33677/ggianas20240100119

A.LAugie et al. | ANAS Transactions, Earth Sciences 1 /2024, 180-202; DOI

. 05T
0SZ-061 6vTSL B
08 pue _ Can -1ZTPUB O0TT | dA0qe 6'vT-S'81 092 . bd
$9 13 3 ue - ue 13 . . [P ¢ ¢ ()
A ov‘09-gzog | Lo 00Tl 0s< | TV ) PUBSL S8 | 0r001-cp1| pueoz | 'Y | pueevzosi s |-svzissisor opg| 0NV |V
001-58 “0t-1 STL6VT8T | ¢ e ener
08-55 ‘59-5¢
$'81 PUB 64Z-5'T 06¢
oN - - - - - - - T | brnl ebaeey | JSOTPUEOST-00T |T00TE O LLL| @
“061-SLT ‘STI-001
. o 0LT-02CT PU® 01¢C
ue
o4 - - - - - - - - n%m%@.vw.mm%vww -00T ‘081-SPT “OST | €LLL 016881 | O
=601 ‘T6-0L ‘SS-S¢€
$9T &
i i i ) i i ) i $'81-5° pue ) )
oN 8l ‘6be gz | SPCPUE00T-061 | 88810109y | €
‘6¥1-0€1 ‘011-0€
08 0vZ-061 ooz
| fSET-0PT ‘00T - 6vT-8T1 - $'8I-5°L '$92-05T .
$9 - ue ¢ e G . - ue . . P ¢ o)
A JEPIO8 ST ozroor-or | O | Y fpue gy cggregy| OEPIPTOT 0T IV pue gyz-ggt ‘0gt | pue oozl ‘0801 | OO |V
1T TIT0L | 00 0 “0p-0 061 ‘09-St
] $8T-0LT
i i i . i i . i 0Lc0sc | pue ‘spe-1ec “0ce
oN PUC 6HT-0°ET ‘6WT |, cne vC I lTgeLempTIL] @
21 21c1 “6pa-z] | OLT 0ET69T 091
-011 ‘08-0S ‘0L-T¥
N - - - - - - - - $'81 Uyowd 0CI-ISPUBOS-1 | €CILOVElIE | O
. e o | SST-OLT PUB 61T u
ue
oN - - - - - - - - mmm.% “o.wwm.wwﬁ -1€2°0€2-691 091 | TIIE O 65€1 | €
-011 ‘08-0S ‘T4-C1
Ov1-S11 pue cgrpueg, | 0STOETPuE
08 PU® ‘09 ‘W 0| 012-091 ‘SST | 2Aoqe ool T 1 0TT-861 ‘S61 | da0qe . ot TTT-T0T
mo 13 3 3 13 - 3 g& 3 OH
A §9-02 ‘0808 | -st1°001-19 | pueoz | &V MM “M.Hw-m.m 011 ‘sL1-op1 | puege | 1V | STEPEEOVELL dpup corggrge-or | POSMTENL |V
‘09-0S ‘¥$-0 ‘68-06 “09-5¢€
. o 05T LSSSLI
o - - - - - - - - ue -
N OVCPIE6VTSL | g pue gp1-06 | 0151819 a
SOX - - - - - - - - '8l $91-06 STLITOV6E9L] O d
oN - - - - - - - - 07-SSTPUBEl | SOI-09 PU®06-0S | SE9LOISk6 | d
sox op pue ‘0g ‘og | OPI0TIPUE | 240 || 6'HT PuE S %%NN..%MNN AMM 062 v 6vT-LI $8T-1¥T pue ‘591 v
SL-SS01-0 | Pue 0T STV |00 sopr-oer | T SE PUue 61 ‘6’461 61 | ~StT ‘TOI-SS ‘S5 | #4601 LT
J9sW
SYTewa 1 (w) ssousoIy ], () mm\wmw oo () ssouoIy . (w) Mow:mw S0 () ssouyoIy . B —— (wgy) soSuex U0
?whﬂﬁ:..ﬁ.: /daqspaua esae ) o z /mded  |swBudp eaore]|  Anpiqe z /mdeq () SHBUAL T | anpsisoy “ | omgosq
“BZI ! -a3rey)
@—@M 21qeqotd S)NSAY [enudlod-JIdS SINSAY :cma&th&—OQ pasnpujy S NSY %afrﬁmmmum

¢olIqel

SpOYjowW pojeI3alul 91} WOLJ poure}qo sjnsal Jo Arewrung

195



10.33677/ggianas20240100119

A.LAugie et al. | ANAS Transactions, Earth Sciences 1 /2024, 180-202; DOI

678l ‘61T 0%2-00C Pu® ‘051
0 B B B - B B . - 0
N -8°C1 ‘S'L‘6'pT-8°T1| -00 ‘STI-08 ‘06-St Lesceorools) d
¢l 06T
SoA - - - - - - - - T e G ~0ST PuB S£C-061 | 6608 M €I6T | O
ue
presct sl 091-0S1 ‘0701 Ld
ON - - - 5 - - - - §'TIPUBGQI ‘8Tl | SOI-09 PUB06-0S | TI6T O LLE g
- ue
09 00€-00¢ ¢'81 pue %%Nm.mmww“wi ¢'8[-G¢'L pue 0L2-0SC
SOA PUE 08 ‘08 ‘09 pue S/1-0¢1 | 0CT< TV | S8 6V 67T 05T “0ST-0L 19< IV | 6¥C-8CT1 '$'81-S°'L | PU®00T-091 ‘0TI | 9LEOIG'LI v
‘ST1-09 ‘811 ‘6'vC-S'81 ‘61T 08-29 “09-1 ‘S81-G°L ‘S'81-S'C | -06 ‘0L-St “0€-01
6T ‘6T 06C-c€1 pue O¢l
0 - - - - - - - - 0
N ‘8CI-S'T6'¥T-8TL | -08 TL19 ‘09-08 A
. . 0LT
- ue
SIA - - - - - - - - m.v%%m %MWN.W ‘6T -0€TPUB OIC-061 |¥99€ 016911V | O
‘0S1-0T1 ‘08-08 od
S81-8°CI 05T-0vC
0 - - - - - - - - o
N PUB S'81-G'L ‘6'¥T | PUB S91-0€1 ‘Sy-0F ST Ov it i
- ue
SOA -0T Pue 08 ‘08 001 “Ob1-011 0c< [44 64 6'v7 ‘ST 081-SS1 ‘0Tl 0T < IV | 67C-S8I PUBGHT | SOI-0CT PUB GH-C | €LE O} 98°C v
=09 ‘¥ ‘08 ‘08 “¢6-09 ‘0S-0 -S'SL ‘09-01
oN - - - - R - . _ ¢'81-8°CI pue gec-0ce LYSEL a
6'¥C-8C1 ‘6'¥T-S'L | PUB OLI-OL1 ‘06-01 O} pSELI
6VTSL 0LC-0SC pue
SOA - - - - - - - - pue 61 ‘S'81-8°C1 | OVT-0TT ‘01T-$61 [€SELI 01960F| D
‘6'¥TS'81 8Tl ‘SL1-091 0S1-0T1 od
. o 0LT-0¥C
. . . } . . } _ S8l PUB 6'vC gy
ON ‘971 ‘58T ‘SL-€ PUB 0TC-061 08T | S60% 03 L96 d
=S¥l °0T1-16 “06-01
08 pue 081-0v1 pue | aA0qe . m.mﬁ. vwm. owm-oﬁmmﬁw 2A0qe . .m.b w:.a ‘o ooﬁ.onm P wm .
SIX b9-Sb “0€-07 | 001-18 ©08-09 | Pue 07 ¢V | §8I-STT6vC | OL1-0v] 0SI pue o/ IV |6'7C-S81 67T S8I| -SE€C 061-0L1 091 | 996 01 66°C v
=681 ‘S'81-6°L | -SEI ‘SH-0€ -S'L6'pT-S'81 6L | -S€1°601-06 ‘08-S
. o 06C-0LC pue
ue
ON - - - - - - - - m%m%m. % %w%mw ‘SYT-00T ‘081-0LT |I¥TETOI¥L89| O
‘SSI-GI1 ‘S01-01
. . 0LT
ue
SA - - - - - - - - nw.% mm_wm nww.NNﬁ_.m.m -0%C ‘S0T-081 ‘OLI | €£89 01 ¥€0T| D
-0%1 ‘0T1-56 ‘06701
6'vC 061-SS1
o - - - - - - - - ‘ c f 0
N -'81 pue £ 71| pue ‘01-0z1 ‘06-0p| LY | E
Josul
S Iewa.l (w) ssauspIy ], () mﬁo\wmwh suoy | (W) SSOWPIYL (w) Muw:ww S0 () ssouyoIy . ) swSusy texagery | (WO) soBueL |
_«MM_QMNM”“._« /pdoq syI3uQ[ [e10je | aS Z /pdoq syp3uol [e1oje ]| Aiiqe z /pdag (W) SEEuo| [e1oRe] KIATSISOY Z oI
e ! -o31eyD
P10 21quqo1d S)[NS3Y [eUNOJ-JIOS s)[nsay uonezirejod paonpuy S)[NSIY ANADSISAY

196



A.LAugie et al. | ANAS Transactions, Earth Sciences 1 /2024, 180-202; DOI: 10.33677/ggianas20240100119

4°4310"E 4°43'20"E

11°5'50'N
11°5'50"N

10°48'20"N

11°540"N
1540

10°48'10"N

11*5'30"N
1°6'30"N

10°48'0"N

11°5'20"N

Z
=1
i
~
=
3

a

£
o
=
e
&
=

11°5"10"N

£
o
-
i
]

[

11°5'0"N
10°47'30"N

4*4310"E 4°43'20"E

Vs

474510°E

[ Jinsani

10748'20"N

10°32'20"N
10°32'20"N

10°48'10°N

z
o Z
5
¥ 2
e 8
e

10°3210"N

10°47'50"N

10°32'0"N

&l

10°47'40"N

10°31'50"N
10°31'50"N

£

10°47'30"N

Mararraba
o

4°4510"E

T T T T T T [ LEE |
a 0125 025 0.5 Kilomeatars 0 0.15 03

T T 1 — T T [ I T 3
0.6 Kilometers 0 0.1 0.2 0.4 Kilometers

Fig. 26. Potential mineralization zones of the study areas

5. Discussion

5.1 Integrated results for profile one

The zones of potential mineralization were reve-
aled within the regions of low (117 Qm to 944 Qm)
and high (61815 Qm to 175857 Qm) resistivity in the
resistivity cross sections along profile one (Fig. 5).
Low resistivity anomalous areas (zones A) were corre-
sponding to oxidized rock. These rock types are cor-
roded by water and were mainly of granite or rhyolite
origin. These regions could generally be associated with
explicit minerals, particularly gold, while the regions
with high resistivity signatures (zone C) formed dyke
structures. These structures were associated with partial-
ly decomposed granite and quartzite as compared with
the geological setting/borehole log of the area.

However, these zones for potential mineraliza-
tion occurred within the zones of high chargeability
of > 20 msec in the IP cross sections (see Fig. 6), as
well as occurred in the regions of high SP anoma-
lies of 20 mV and above (Fig. 7). These areas re-
vealed the presence of sulphide-containing gold.

The major zones of mineral potentials are locat-
ed between 120-140 m and 230-290 m with a corres-
ponding depth of 24.9 m each. These regions are A

and C (Fig. 5), Al (Fig. 6) and A2 (Fig. 7) of the
low/or high resistivity, high chargeability and high
SP values. The zones could be inferred to contain
traces of minerals in their respective host rocks.
These regions could be considered as a potential tar-
get for the exploration of metallic minerals such as
gold mineralization. These areas corresponded to the
northern part of Irana of Niger state (see Fig. 26).

5.2 Integrated results for profile two

Profile two shows the suggested zones of miner-
alization potential to occur at zones A and C, Al and
A2. These zones were the areas of low/or high resis-
tivity (zones A and C), high chargeability A1), and
high SP (A2) anomalous as shown in Fig’s 8, 9 and
10. The major zones of mineral potentials are sug-
gested to be between 35-62 m, 41-120 m, 145-165 m
and 202-240 m with a corresponding depth of 24.9 m,
18.5 m, 24.9 m and 18.5 m. The zones could be in-
ferred to contain traces of minerals in their respective
host rocks. These areas could be considered as a pos-
sible target for the exploration of metallic minerals,
particularly, gold minerals. These regions correspon-
ded to the SW part of Irana of Niger state (Fig. 26).
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5.3 Integrated results for profile three

The suggested zones of mineralization potential
along profile three are zone A and C, Al and A2.
These regions are characterized by low/high resistivi-
ty, high chargeability and high SP anomalous (Fig’s
11, 12 and 14). The major zones of mineral potentials
are suggested to be between 10-80 m, 190-200 m and
202-255 m with a corresponding depth of 18.5 m,
24.9 m and 24.9 m. The zones could be inferred as a
potential target for the exploration of metallic miner-
als, particularly gold mineralization. These areas cor-
responded to the northern part of Mararraba and SW
of Jinsani areas of Kebbi state (Fig. 26).

5.4 Integrated results for profile four

Profile four shows the suggested zones of min-
eralization potential to occur at zone A and C, Al
and A2. These zones were the areas of low/or high
resistivity (zones A and C), high chargeability Al),
and high SP (A2) anomalous as shown in Fig’s 14,
15 and 16. The major zones of mineral potentials are
suggested to be between 35-100 m, 145-200 m and
220-250 m with a corresponding depth of 12.8 m,
18.5 m and 24.9 m. The zones could be inferred to
contain traces of minerals in their respective host
rocks. These areas could be considered as a possible
target for the exploration of metallic minerals, par-
ticularly gold minerals. These regions corresponded
to the NW part of Mararraba and SW of Jinsani are-
as of Kebbi state (Fig. 26).

5.5 Integrated results for profile five

The suggested zones of mineral potential occurred
at zones A and C (Fig. 17), A1 (Fig. 18) and A2 (Fig.
19). The zones were characterized by low/high resisti-
vity, high chargeability and high SP anomalous. The
integrated zones of mineral potentials are suggested to
be between 0-45 m and 140-180 m with a correspond-
ing depth of 18.5 m and 28.5 m. The zones could be
inferred as a potential target for the exploration of me-
tallic minerals, particularly gold mineralization. These
regions corresponded to the NW part of the Mararraba
area of Kebbi state (Fig. 26).

5.6 Integrated results for profile six

For profile six, the suggested zone for mineral
trapping structure/ or mineralization potential was
named zone A&C, Al and A2 (Fig’s 20, 21&22).
The critical zones for mineralization prospects were
found to be between 60-95 m, 110-140 m and 150-
190 m at a corresponding depth of 7.5-60 m, 18.5-40
m and 2.5-80 m. These regions could be considered
a potential target area for assessing metallic miner-
als, particularly gold mineralization. These zones
corresponded to the northern part of the Sabon Gari
area of Kebbi state (Fig. 26).
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5.7 Integrated results for profile seven

The suggested zones of mineral potential oc-
curred at zones A&C (Fig. 23), Al (Fig. 24) and A2
(Fig. 25). The zones were characterized by low/high
resistivity, high chargeability and high SP anoma-
lous. The integrated zones of mineral potentials are
suggested to be between 1-60 m, 130-170 m and
200-300 m with a corresponding depth of 45 m, 2.5-
7.5 m and 18.5 m. The zones could be inferred as a
potential target for the exploration of metallic min-
erals, particularly gold mineralization. These regions
corresponded to the southern part of the Sabon Gari
area of Kebbi state (Fig. 26).

6. Conclusions

Integrated 2D geoelectric prospecting methods
involves of ERT, IP and SP techniques were em-
ployed as a follow-up details geophysical survey tools
on the anomalous zones detected from the aeromag-
netic studied by Authors: Augie et al. (2021b),
(2022b) and (2022c). The anomalous detected by ear-
lier studies conducted by the aforementioned Author
revealed the major structures (lineament) associated
with mineralization potential which could play an
important role in gold exploration and exploitation in
the area. These areas were found to be SE parts of
Yauri and Shanga, Fakai, Ngaski, Zuru, Magama,
Rijau, Eastern part of Wasagu/Danko and Bukkuyum.
However, this study details a geophysical survey con-
ducted at Yauri (Jinsani and Mararraba), Shanga
(Sabon Gari) and Magama (Irana). A total of 7 pro-
files were designed using a dipole-pole configuration
with each 300 m distance along the profile. Profiles 1
and 2 were conducted at Magama (Irana), profiles 3
and 4 at Shanga (Sabon Gari) and profiles 5, 6 and 7
at Yauri (Jinsani and Mararraba).

The results of profiles 1, 2, 3, 4, 5, 6 and 7 re-
vealed the region’s low/or high resistivity, high
chargeability and high SP values that were inferred
as zones for mineral potential. Low resistivity
anomalous (zones A) corresponds to oxidised rocks
associated with granite/quartzite veins. The regions
with high resistivity signatures (zones C) formed
dyke structures associated with partially decom-
posed granite and quartzite as compared with the
geological setting and the borehole log of the area.
These zones for potential mineralization coincided
with the zones of high chargeability (> 20 msec) in
the IP cross sections as well as the regions of high
SP anomalies (20 mV and above).

The major zones of mineral potentials found in
this study along the integrated profile one P1 are to
be 35-62 m, 41-120 m, 145-165 m and 202-240 m at
a corresponding depth/thickness of 24.9 m, 18.5 m,
249 m and 18.5 m. Potential mineralized zone for
profile two P2 lies between 35-62 m, 41-120 m, 145-
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165 m and 202-240 m at a corresponding depth of
249 m, 18.5 m, 24.9 m and 18.5 m. Likewise, P3
has a length of 10-80 m, 190-200 m and 202-255 m,
and a depth/thickness of 18.5 m, 24.9 m and 24.9 m.
Integrated profile four also revealed the lateral ex-
tent of 35-100 m, 145-200 m and 220-250 m at a
corresponding depth/thickness of 12.8 m, 18.5 m and
24.9 m. PS5 also is between 0-45 m and 140-180 m at a
corresponding depth/thickness of 18.5 m and 28.5 m.
P6 has a length of 60-95 m, 110-140 m and 150-190 m
and it has a depth/thickness of 7.5-60 m, 18.5-40 m
and 2.5-80 m respectively. And P4 reveals the lateral
extent of 1-60 m, 130-170 m and 200-300 m with a
corresponding depth of 45 m, 2.5-7.5 m and 18.5 m.
These regions could be considered as a possible
pathway for gold exploration and exploitation. These
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KOMILIEKCHAS 2D TEOQJIEKTPHYECKAS PA3BEJIKA JIJISI TIOUCKA TOTEHIIHAJILHO 30JI0TOHOCHOM
MHUHEPAJIM3AIINH B FOKHOM YACTH KEBEU, CEBEPO-3ATIA I HUTEPUH

Oru A.'2, Canaxo K.A.2, Papuy A.A.2, Xumo M.O.?
! Darynomem npurnadnoti 2eopusuxu, Dedepanvhviti ynueepcumem Bupnun Ke6bu, Huzepua: ai.augie@fubk.edu.ng
2@akynemem 2eopusuxu, Pedeparvhviii mexnorozudeckuii ynusepcumem Munnot, Huzepus
SDaryrvmem 2eonozuu, @edepanviwiii mexnonoauueckut ynueepcumen Munmot, Huzepus

Pestome. B cratbe naercs AeTanbHOE reo(U3NUECKOEe UCCIICJOBAHUE aHOMAJBbHBIX 30H, BBISBJICHHBIX IPEABIIYIIAMH a3poMar-
HUTHBIMA HCCIIEIOBAaHUSIMU B 10KHOH dactu Ke66u, ceBepo-3aman Hurepnu. Kommiekcusie 2D reosnekTpopa3BeioUHbIE METOJIH,
BKJIFOYAIOIINE TOMOTPAHIO DIEKTPHUECKOT0 YISIBHOTO CONMPOTUBICHUS, HHAYKIUOHHYIO ITOJISIPH3ALMIO M COOCTBEHHBIN JIEKTPH-
YEeCKHUH IOTEeHINAa, ObLIIM UCHOIB30BaHbI ISl OKOHTYPHBAHUS ITOIIOBEPXHOCTHON CTPYKTYPBI, IIPUTOHO IJIsl TOTEHIMAIBHO 30J10-
TOHOCHOW MUHEpaln3aluy B yacTsax padoHoB Yauri, Shanga u Magama B mtatax Kebbi u Niger na ceBepo-3anane Hurepun.

OTn M3MepeHust NPOBOAWINCH C MOMOLIBIO JIUIONIb-AUIIOIBHOH KOHQUIYpaluu 1 U3MEpUTENs YACIbHOTO CONPOTUBICHUS Su-
perSting. Pe3ynbraThl HCClICOBaHUI BBIIBUIIM PETHMOHBI ¢ HU3KUM/BBICOKUM YIEIbHBIM CONPOTHUBICHUEM, BBICOKOH MOIIPU3YEeMO-
CTBIO M BHICOKHMH 3HAYEHHSAMH COOCTBEHHOTO 3JIEKTPUYECKOTO IOTEHIIMANA, KOTOPbIE ObLIN ONPEEICHbl KaK 30HbI MUHEPaJIbHOTO
noTeHIuana. ToMorpadus SIEKTPUYECKOTr0 yAEIbHOTO COMPOTHBICHHUS MOMOIJIA OYEPTHTh 00JACTH C AaHOMAJbHO-HU3KHUM YIEIIb-
HBIM COIPOTHBIIEHHEM, KOTOPbIE COOTBETCTBYIOT OKHCIICHHBIM MOpPOJaM, CBS3aHHBIM C IPOXKMIIKAMHU I'paHUTa/KBapuuTa. Beicokmit
JIMAIa30H yASIBLHOTO COIPOTHUBIICHUS MOXKET CyIIECTBOBAaTh Ha NAWKOBBIX CTPYKTYpax, CBSA3aHHBIX C YaCTHYHO Pa3JIOKMBIIUMCS
TPaHUTOM U KBapIUTOM, O YeM CBHAETEIBCTBYIOT I'€0JIOTMUECKUE YCIIOBUS M KapoTaXKHas TUarpaMma ydactka. MeToJ HaBeleHHOM
HOJISIPU3ALUH BBIIBIII BBICOKYIO MOJIIPU3YyeMOCTh (> 20 MUIIIMCEKYH]) B HCCIEIyeMOM pailoHe, BO3MOXKHO, M3-3a HaKOIUIEHUS BO
BMEILAIOIIMX [OPOAAX PYAHBIX MHHEPAIOB, TAKMX KaK 30J0TO. DTOT METOJ| TAKKEe HOMOT BBISIBUTh PETHOHBI C BBICOKUMH aHOMAJTH-
SIMM MHAYKLMOHHOW mossipusaiuu (>20 MB), KOTOpBIE XapaKTepHU3YIOTCs KUIBHBIMA MHHepaiamu pya. MHTerpauus pe3yibTaToB
BCEX 9THX METO/OB BBISBMJIA 30HBI OKHCIICHHBIX MOPOJ, MailKOBbIC MOAIOBEPXHOCTHBIC CTPYKTYPhI M3 PACIaBLIMXCS KBapLHUTOB,
IPaHHUTOB, FHEHCOB M JKMJIBI PyJHBIX MHHEPAIOB. DTH 30HBI PACIIOJIOKEHBI Ha ceBepo-3anane Mapapabbl, oro-3anajie JHKuHcaHu U
tore Cabon I'apu B mratax Hurep n Ke60u 1 X MOXHO paccMaTpuBaTh Kak IOTEHIUAT JJIS Pa3BEIKU U TOOBIUH 30J10Ta.

Kntouesvie cnosa: 2D-modenuposanue, momospapust d1eKkmputecko2o y0erbHo20 ConpomueieHusl, UHOYKYUOHHAs NOAAPU3AYUS,
cobCmeenHblll INeKmpuYecKuti NOMEeHYUua, 3010moe opyoeHeHue
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SIMALI-QORBI NIGERiYA, KEBBININ CONUB HiSSOSINDO POTENSIAL QIZILDASIYAN
MINERALIZASIiYANIN AXTARISI UCUN KOMPLEKS 2D GEOELEKTRIK KOSFiYYATI

Augie A.L!2, Salako K.A.%, Rafiu A.A.%, Jimoh M.O.}
ITatbiqi geofizika fakiiltasi, Birnin Kebbi federal universiteti,Nigeriya: ai.augie@fubk.edu.ng
’Geofizika fakiiltasi, Minni Federal texnoloji universiteti, Nigeriya
3Geologiya fakiiltasi, Minm Federal texnoloji universiteti, Nigeriya

Xiilasa. Ovvaller bu rayonda aeromagnit todqiqatlarla askar edilmis anomal zonalarin deqiq geofiziki tedqiqatlar: aparilmisdir.
Tomografik elektrik xiisusi miiqavimat, induksiya polyarizasiyas: vo moxsusi elektrik potensiali ehtiva eden, kompleks 2D geo-
elektrokosfiyyat metodlar1 Simali-Qorbi Nigeriyanin Kebbi vo Niger statlarinin Yauri, Shanga homg¢inin Magama rayonlarinda
potensial qizildasityan mineralizasiyanin sathalt1 strukturun konturlasdirilmast iigiin istifade edilmisdir.

Bu o6l¢iilmalar dipol-dipol konfigurasiyast vo SuperSting xiisusi miiqavimatin dl¢iilmasi {isulu ilo aparilmigdir. Tadgiqatlarin
naticalori osasinda asagi/yiiksok xiisusi miiqavimet, yiliksok polyarlasma, moxsusi elektrik potensialli regionlar askar edilmisdir ki,
onlar mineral potensialli obyektlor kimi toyin edilmisdir. Xiisusi miiqavimatin elektrik tomogqrafiyasi, qranat/kvarsit damarciqlart ilo
olagodar oksidlogmis siixiirlara miivafiq anomal asag1 xiisusi miigavimato malik, sahslori cizgilomayo imkan verdi.

Xiisusi miiqavimetin yiiksok diapazonu qismon dagilmis qranit vo kvarsla slagedar dayka strukturlarinda mévcud ola biler ki,
bunu geoloji soraitlor va sahonin karotaj diaqramu oks etdirir. Yonoldilmis polyarizasiya metodu todqiq olunan rayonda yiiksok
polyarlagsma (> 20 millisaniys) fiksasiya etmisdir. Bu ¢ox giiman ki, filiz minerallarinin (qiz1l) yerlosdirici siixiirlarinda toplanmasi
ilo slagadardir. Bu metod hamginin filizlorin damar minerallari ils saciyyelenan yiiksok anomal induksiyon polyarizasiyasina malik
(>20 MB) regionlar1 askar etmays imkan yaratmisdir. Biitlin bu metodlarin naticalarinin inteqrasiyast oksidlosmis siixurlarin
zonalarini, dagilmis kvarsitlorin, qranitlorin, qneyslorin vo filiz minerallarinin niivelerinin dayk yeralt1 quruluslarini askar etmisdir.

Bu zonalar simal-qorbi Mararabi, conub-qarbi Cinsani vo Sabon Garinin conubunda, Niger, Kabbi statlarinda yerlogir. Onlar qizil
kosfiyyat1 vo hasilati liglin potensial kimi gobul edils bilor.

Agar sozlor: 2D-modellosdirma, elektrik xiisusi miiqavimat tomoqrafiyasi, induksiya polyarlasmasi, maxsusi elektrik potensiali,
quzil filizlogmasi

202



