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This paper identifies the gold mineralization zone in X Village using
the Induced Polarization and resistivity geoelectric method. The
measurements were performed using the Wenner arrangement on six
tracks, each separated by a distance of 235 meters and spaced 5 meters
apart. The distribution of chargeability values was determined using
the Induced Polarization method, while the distribution of resistivity
values was determined using the resistivity geoelectric method at the
research site. The identification results indicate that the suspected gold
mineralization zone is on tracks 2 and 6. On track 2, the zone of
suspected gold mineralization is suspected to be located 70-75 meters
away from the starting point of measurement (point A). On track 6, it
is located 65-75 meters away. The gold deposits are found in phyllite
rocks that have undergone alteration, specifically philic, argillic, and
silicified rock.

Copyright © 2024 Authors. All rights reserved.

Introduction

Geologically, Indonesia is located at the intersection of three lithospheric plates, resulting in
magmatic arcs along the plate boundaries. [1], [2], [3]. The formation of mineral deposits is
caused by volcanic activity and ongoing sedimentation processes [2], [4], [5]. Minerals are
compounds that contain crystalline elements obtained during geological processes. Gold is an
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example of a free element mineral with a distinctive yellow color and a hardness level of 2.5-3
mosh [6], [7], [8]. Gold is classified as a precious metal due to its high economic value.

According to the 2020 booklet released by the Ministry of Energy and Mineral Resources,
Indonesia possesses 14.963.73 million tons of ore resources, 0.01 million tons of metal
resources, 3.565.70 million tons of ore reserves, and 0.005 million tons of metal reserves.
However, this considerable potential has not been fully utilized due to the limited exploration.
The gold exploitation process cannot be carried out directly due to the low composition of gold
in the deposition environment, typically around 2-30 g/ton [2]. Therefore, an exploration
process is necessary to detect the presence of minerals indicating gold mineralization. These
minerals are known as gold-bearing minerals. Gold-bearing minerals typically include iron
sulfide minerals such as pyrite (FeS2), chalcopyrite (CuFeS2), troilite (FeS), and pyrrhotite
(Fel-xS) [2], [9], [10].

Mineral exploration can be conducted using geophysical methods, such as Induction
Polarization (IP), geomagnetic, and microtremor methods [11], [12], [13], [14], [15], [16]. The IP
method is commonly used to explore metallic minerals because the polarization process often
occurs in a medium containing metallic minerals. An important indicator of this method is the
changeability value, where high chargeability values characterize the presence of metal
minerals [17], [18], [19], [20]. To enhance the mineral exploration results from the IP method,
resistivity geoelectric measurements were conducted [20], [21], [22]. This method can identify
subsurface rocks based on differences in their resistivity values. Both measurements used the
Wenner configuration to obtain lateral variations in chargeability and resistivity values.

According to data from the Ministry of Energy and Mineral Resources, the island of Sumatra
has 987.87 million tons of ore resources, 0.001 million tons of metal resources, 168.56 million
tons of ore reserves, and 0.0004 million tons of metal reserves. One of the areas that has gold
resources is X village, Sumatra. Geologically, the study area is located in the Barisan Formation
(Pb) and Granitan Formation (Kgr). The lithology of the Barisan Formation consists of phyllite,
slate, limestone, hornstone, and metagreywacke. The lithology found in the field is phyllite
with a dark gray to metallic color. This lithology contains mica, quartz, and chlorite minerals.
The lithology of the Granitan Formation (Kgr) ranges from granodiorite to granite with mafic
mineral spots. The lithology found in the field is Granodiorite, which is a bright gray color.
This lithology contains plagioclase, K-feldspar, and quartz minerals.

Given that the composition of gold in the depositional environment is minimal, the
contribution of this research is more directed toward finding the gold resource. Finding the
characteristics of rocks that contain gold-bearing minerals is one of the problems that will be
solved at the research site located in X village. The study produced a 2D cross-section using
the IP and resistivity Geoelectric methods. The 2D cross section was interpreted to estimate
the distribution of gold in the research location. The results of this study are expected to be a
guide in the process of exploration and exploitation of gold minerals as an effort to improve
the economy of the local community.

Theory

The geoelectric method is one of the geophysical methods that utilizes electrical properties to
interpret the Earth's subsurface. Geoelectric methods are divided into Resistivity, Induced
Polarization (IP), and Self Potential (SP). The method used in this research is a combination of
the resistivity method and the Polarization Induction method. The basic principle of both
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methods is to flow an electric current into the Earth and measure the resulting potential
difference. The difference between these two methods lies in the measurement time of the
potential difference. The resistivity method measures the potential difference when the electric
current is injected. In contrast, the IP method measures the potential difference after the
current injection is turned off. Ideally, the potential difference becomes zero when the current
injection is turned off. However, the potential difference in certain mediums is not

immediately zero [23]. This is due to the electrochemical processes in the polarized medium
[24].

The measured polarization effect can be expressed in chargeability, Percent Frequency Effect
(PFE), and Metal Factor (MF). In this study, the polarization effect is expressed in chargeability,
which is calculated using equation (1) [25].

1%
M =V—p£vs(t)dt (1)
where V, is the primary voltage and V secondary voltage

The configuration used when taking IP and resistivity measurements is the Wenner
configuration. The Wenner configuration has the same electrode spacing as depicted in Figure
1.

A C D B
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Figure 1. The Wenner configuration [25].

In this study, the spacing between electrodes was 5 m with a variation of n 1-15 (5 m - 75 m)
with an expected penetration of 40 m deep. The apparent resistivity value in the Wenner
configuration was calculated using equation (2) [25].

pu = 2mal ©

where V is the potential difference while I is the electric current strength.
Experimental Method

The research was conducted in the PT X area in the village of X. Geoelectric data was collected
in six passes using a Wenner configuration with a stretch of 235 m. The measurements were
taken with a northwest-southeast orientation, as shown on the track map in Figure 2. The
tools used in the geoelectric survey are shown in Figure 3.
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Figure 2. Map of Geoelectric Tracks

p

Automatic Resistivity

(ARES) 5A
b. Switch Box
c. Battery Pack
d. Cables 235 m: 2 set
e. Electrodes: 96 pcs
f.  hammerhead
g. GPS
h. Handy talky (HT)

-

Geologic hammers

Figure 3. Geoelectric survey tools

The measurement results obtained data in the form of pseudo-resistivity and chargeability.
Both data were modeled using Res2dinv software to obtain 2D profiles of chargeability and
resistivity of subsurface rocks. The research area's resistivity profile, chargeability profile, and
geological information are analyzed to determine the potential of gold minerals in the
research location.
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Result and Discussion

The 2D chargeability and resistivity profile models of track 1 to track 6 are shown in Figure 4
to Figure 9. From the interpretation results, the values in the study area are grouped into 3
scale groups, as shown in Table 1.

Table 1. Chargeability and Resistivity value scale

Chargeability (msec) Resistivity (ohm.m) Scale

<52,1 <628 Low
52,1-145 628-11.783 Medium

> 145 >11.783 High

The classification results in Table 1 were used to interpret the 2D chargeability and resistivity
profiles. Zones with low chargeability and low resistivity values are considered water-
saturated layer zones. Zones with low chargeability and high resistivity values are volcanic
rock zones. The zone with medium-high chargeability value and low-medium resistivity is an
alteration zone. The zone with high chargeability and resistivity is a gold mineralization
prospect.
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Figure 4. 2D profiles (a) Chargeability and (b) resistivity on track 1
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Figure 5. 2D profiles (a) Chargeability and (b) resistivity on track 2
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Figure 6. 2D profiles (a) Chargeability and (b) resistivity on track 3
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Figure 7. 2D profiles (a) Chargeability and (b) resistivity on track 4
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Figure 8. 2D profiles (a) Chargeability and (b) resistivity on track 5
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Figure 9. 2D profiles (a) Chargeability and (b) resistivity on track 6

The gold mineralization zone is located on tracks 2 and track 6. On track 2 the gold
mineralization zone is located at a distance of 70-75 m from point B with an elevation between
650 - 660 m. On track 6, the gold mineralization zone is located at a distance of 65-75 m from
point F with an elevation between 600 - 613 m. Based on the combination of chargeability,
resistivity, and geological data of the research location, gold deposits are in phyllite rocks that
have undergone alteration, namely philic, argillic, and silicified rock. Filite is generally dark
gray to metallic and derived from mica. Weathered phyllite rocks are gray-black. The phyllite
rock shows an irregular layered texture interspersed with mica. This rock contains mica,
quartz, and chlorite minerals based on its mineral composition.

The quartz vein outcrops containing gold mineral cut phyllite around the study area are
shown in Figure 10. The quartz veins around the study area are milky white with massive and
comb textures. Based on these characteristics, it can be interpreted that the surface of the
mapping area is in the upper boiling zone of the Buchanan epithermal model. The presence of
quartz veins and mineralized zones at the study site characterizes the presence of gold
minerals. This corroborates the results of geoelectric measurements at the study site.

476



Indonesian Physical Review. 7(3): 469-479

0.016

0.014

0.010

Quartz vein cut phyllite

0.008

Map of Geoelectric Track

0.006

0.004

800 mdpl

Track

Contour

0.002

0.000

300 mdpl

I
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020

Figure 10. Filite outcrops around the research site

Conclusion

The 2D chargeability and resistivity profile results indicate that the suspected gold
mineralization zone is located on tracks 2 and 6. On track 2, the gold mineralization zone is
located at a distance of 70-75 m from point B, with an elevation between 650 - 660 m. On track
6, the gold mineralization zone is located at a distance of 65-75 m from point F with an
elevation between 600 - 613 m. The gold deposits are found in phyllite rocks that have
undergone alteration, namely philic, argillic, and silicified rock. The quartz vein outcrops
containing gold minerals that cut through the phyllites around the study area confirm the
results of the 2D resistivity and chargeability profiles. To support the study's results, a
geochemical survey of each element's part per million (ppm) content can be conducted.
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