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Abstract 

 

Kendawangan Sub-district, Ketapang Regency is one of the areas in West Kalimantan Province containing minerals of economic 

value, namely bauxite deposits. This study has applied both induced polarization and resistivity methods. It aims to identify 

subsurface layers in the Kendawangan bauxite deposit area based on resistivity and chargeability distribution. Measurements in 

the field apply a north-south line using the dipole-dipole configuration, have a length of 144 m, and electrode distance of 3 m. The 

results showed that the subsurface layer in the study area identified the presence of bauxite deposits. In addition, it showed that 

the subsurface layers were topsoil, bauxite deposits, saprolite, and bedrock. Topsoil has a thickness of about 1 m, and it is a 

product of the weathering process. The bauxite deposit has a thickness of about 9 m, and it contains the minerals aluminum oxide, 

quartz, hematite, and titanium oxide. Saprolite has a thickness of about 2 - 4 m, and it contains aluminum silica (kaolinite) and 

minerals quartz, titanium oxide, zircon, and it is a weathering product of bedrock. The bedrock is at a depth of more than 10 m, 

which is interpreted as volcanic tuff, sandstone, and claystone.                               
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INTRODUCTION 

 

Indonesia has bauxite reserves to rank the 

8th largest in the world (Haryadi, 2016). 

Kendawangan Sub-district, Ketapang Regency is 

one of the areas in West Kalimantan Province that 

can contain minerals of economic value, including 

bauxite deposits, iron ore (Andriansyah, 2019), 

heavy minerals both of zircon and cassiterite 

(Setyanto & Surachman, 2017), and radioactive 

minerals (Subiantoro, Soetopo and Haryanto, 

2012). In West Kalimantan, bauxite is found in a 

distribution line with a length of 300 km and a width 

of 50-100 km (laterite zone), which stretches 

northwest to southeast from Ketapang Regency, 

Sanggau, Landak, Kubu Raya, Pontianak, 

Bengkayang, and Singkawang (Toreno & 

Moe’tamar, 2012). Therefore, it is necessary to 

conduct a more effective and efficient survey to 

identify the presence of bauxite deposits. The 

results of this study can be used as information to 

exploit bauxite in the Kendawangan area. 

Bauxite is a mineral-containing material 

composed of aluminum oxide in boehmite ore 

(Al2O3H2O) and gibbsite minerals (Al2O3.3H2O) 

(Husaini, Cahyono and Damayanti, 2014). In 

general, bauxite contains about 45 - 65% aluminium 

oxide (Al2O3), about 1 - 12% Silica (SiO2), about 2 - 

25% Hematite (Fe2O3), more than 3% Titanium 

Oxide (TiO2), and about 14 - 36% Water (H2O) 

(Karno et al., 2012). Bauxite is formed from 

sedimentary rocks with high Al and low both Fe and 
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quartz (SiO2). Generally, bauxite is formed from 

syenite, clays, or shale, which has weathered with 

the dissolution of Na, K, Mg, and Ca into alumina 

hydroxide (Al(OH)) residue and solidify to bauxite 

deposits through a dehydration process (Toreno & 

Moe’tamar, 2012).  

Geologically, the Kendawangan area and 

its surroundings are in the formations of Kerabai 

Volcanic Rocks (Kuk), Sukadana Granite (Kus), 

and Alluvium (Qa), as shown in Figure 1. Kerabai 

volcanic rocks are composed of lithic tuff, crystal 

tuff, and lava, interbedded with metasandstone, 

metasiltstone, and metaclaystone. This unit is of 

Late Cretaceous age. Sukadana granite is 

composed of granite, granodiorite, and diorite 

(Sudana, Djamal, & Sukido, 1994). This unit breaks 

through and crushes the Kerabai Volcano Rocks 

(Subiantoro et al., 2012). The alluvium is composed 

of clay, sand, pebble, and cobble. This unit form is 

the river and coastal deposits (Sudana, et al., 

1994).  

 

 

Figure 1. Geological Map of Kendawangan 
(Sudana et al., 1994) 

 

Induced polarization (IP) is an active 

method by injecting an electric current into the 

earth's subsurface. When the electric current stops 

being injected, so the voltage should change to zero 

(Everett, 2013). However, it will store electrical 

energy like a capacitor and then be released in 

specific media. Even though the current has 

stopped, the voltage will decay with time and 

gradually disappear (Everett, 2013). The method 

has often been used, for example, to observe the 

distribution of iron ore ((Ferial, Natalisanto, and 

Lazar, 2019), gold mineralization zones (Yuniarto, 

2020), and soil corrosivity (Dewi, Utama, and 

Rochman, 2017). 

The induced polarization is inseparable 

from the electrochemical and electronic 

mechanisms of ions in the rock body. Two main 

influences cause polarization in rock bodies. They 

are membrane polarization (it is found in 

sedimentary rocks that do not contain metal) and 

electrode polarization or overvoltage (it is found 

when there are metal minerals in rock pores) 

(Milsom, 2003). Polarization effects can also be 

seen in rocks containing clay minerals with a 

negative charge (Everett, 2013).  

One method of measuring induced 

polarization is the time-domain method, which 

compares the polarized potential to the initial 

potential injected  (Kingman, Ritchie and Rowston, 

2019). The physical parameter to be produced is 

chargeability. It is the ability of rocks to store electric 

current.  

 
Figure 2. The residual voltage is the change in 
voltage that decays with time, and it makes an 
area of A (Everett, 2013). 

From the response of the polarization 

graph, can be obtained the value 𝑽𝑺, namely the 

voltage after polarization. It is the result of voltage 

decay with time, and it results in an area under the 
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voltage decay curve (Figure 2). Therefore, 

chargeability can also be reviewed by applying the 

concept of integral to the value of the voltage after 

the current is turned off. Apparent chargeability will 

be obtained with the unit of time, which is 

formulated in Equation (1). 

𝑚 =
1

𝑉𝑝
∫ 𝑉𝑠(𝑡)𝑑𝑡

𝑡2

𝑡1
=

𝐴

𝑉𝑝
  (1) 

Where 𝑽𝑺 is the potential after the current is turned 

off at times t1 to t2 and 𝑽𝒑 is the initial potential 

injected (Telford et al., 1990).  

The resistivity of a medium is a parameter 

that shows the medium's ability to inhibit the flow of 

electric current through the medium's body (Everett, 

2013). Thus, a material with higher resistivity 

means more difficult for electric current to pass 

(Dentith & Mudge, 2014). This method is often used 

to identify subsurface conditions, for example, 

estimation of bauxite distribution (Bolaji et al., 2019; 

Tira, Arman and Putra, 2015), subsurface layers 

lithology (Muhardi & Wahyudi, 2019), aquifer layers 

lithology (Jufriadi & Ayu, 2019), the presence of 

groundwater (Muhardi, Perdhana and Nasharuddin, 

2019), the potential for landslides (Muhardi & 

Wahyudi, 2020), and the thickness of the peat layer 

(Muliadi, Zulfian and Muhardi, 2019). 

The geoelectric method principle utilizes 

the injection of currents flowing into the subsurface 

layers (Everett, 2013). The current flow that passes 

through the subsurface layer will be used as a 

reference to identify the material's resistivity value 

in the layer in which it passes (Everett, 2013). The 

current flow illustration is shown in Figure 3. 

 
Figure 3. Illustration of an electric current flowing 
in a cylindrical medium (Dentith & Mudge, 2014) 

 
 If the electric current I flowing in a medium is 

cylindrical with length L and surface area A, then 

the resistivity value of the medium can be 

formulated by Equation (2) (Everett, 2013). 

𝜌 = 𝑅 
𝐴

𝐿
  (2) 

Where R is the medium resistance which is 

influenced by the geometry of the medium. 

 

METHOD 

 

The study area was conducted in the Kenda-

wangan area, Ketapang Regency. Chargeability 

and resistivity measurements are applied with a line 

from point A in coordinates 2°25'40.21"S and 

110°9'28.15"E to point A' in coordinates 

2°25'44.93"S and 110°9'27.82"E. The survey 

equipment used is an automatic resistivity system 

(ARES) 12 Volt, current and potential electrodes, 

accumulator, and cables. The measuring line has a 

north-south direction have a length of 144 m, as 

shown in Figure 4. The distance between the 

electrodes is 3 m to identify the subsurface layer 

with a 1 m or more depth.  

 
Figure 4. The survey design on the study area 

In this study, a dipole-dipole configuration 

is used because it is considered the most effective 

to produce variations in the chargeability and 

resistivity values of rocks at a depth. The 

subsurface layer will be described (Dewi, et al., 

2017). These two methods are generally used to 

describe the subsurface layer (Amaya, Dahlin,  

Barmen, & Rosberg, 2016).  

The geoelectric instrument used in field 

measurements is the Automatic Resistivity and IP 

System  (ARES). The electrode arrangement of the 

dipole-dipole configuration can be seen in Figure 5. 

In general, two current electrodes and two potential 

electrodes are used. The distance between the 
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electrodes is the same, namely a. This 

configuration has a ratio factor of n. The more 

significant the ratio factor, the deeper the depth of 

chargeability value that will be interpreted. 

 
Figure 5. Illustration of dipole-dipole configuration 
in IP and resistivity methods (Everett, 2013) 

The data processing aims to obtain the 

distribution of chargeability and resistivity from 

observations and calculations. Then the inversion 

process is carried out using the Res2Dinv software 

so that a 2D cross-section of chargeability and 

resistivity is obtained according to field conditions. 

The next step is to interpret the subsurface layer by 

referring to field conditions, geological maps, 

chargeability, and resistivity. The amount of 

chargeability will indicate whether the polarization 

effect has long disappeared after the current is 

turned off. The chargeability of various materials is 

presented in Table 1. The resistivity value obtained 

is used as a reference to identify subsurface layers 

(Nogueira et al., 2011). They are bauxite deposits, 

bedrock, and other layers in the study area. The 

resistivity value is interpreted based on the 

approach in Table 2. 

Table 1. The chargeability of various materials 
(Telford et al., 1990) 

Materials 
Chargeability 

(msec) 

20% Sulfides 

8 – 20 % Sulfides 

2 – 8 % Sulfides 

Volcanic tuffs 

Sandstone, siltstone 

2,000 – 3,000 

1,000 – 2,000 

500 – 1,000 

300 – 800 

100 – 500 

Shale 

Granite, grandodiorite 

Limestone, dolomite 

50 – 100 

10 – 50 

10 – 20 

 

Table 2. The resistivity of minerals and rock types 
(Telford et al., 1990); Milsom, 2003) 

Mineral and rock 
types 

Resistivity  
(Ωm) 

Bauxite  

Hematite 

Magnetite  

Biotite  

Gabbro  

Quartz 

Basalt  

Clays  

Granite 

Limestones 

Andesite  

Tuffs 

Lavas  

Dolomite 

Sandstones 

Shale  

Topsoil 

2x102 – 6x103 

3.5x10-3 – 107 

5x10-5 – 5.7x103 

2x102 – 106 

103 – 106 

4x1010 – 2x1014 

10 – 1.3x107 

1 – 102 

4.5x103 – 1.3x106  

50 – 107 

1.7x102 – 4.5x104  

2x103 - 105 

102 –5x104  

3.5x102 –5x103  

1 – 6.4x108 

20 –2x103  

50 – 100 

 

RESULT AND DISCUSSION 

 

The study applies a north-south line with a 

long 141 m, and spacing between electrodes is 3 m. 

Based on the inversion process results, a 2D cross-

section with a range of resistivity values is 331 - 

118.947 Ωm, as shown in Figure 6a. Also, a range 

of chargeability values is 24.1 - 699 msec, as shown 

in Figure 6b. They are spread to a depth of 17.9 m. 

These two sections are used as references for 

interpreting the layers around the bauxite deposit. 

They are weathered layers and bedrock. 

Interpretation also refers to field conditions to 

estimate the layer thickness in the study area. 

Based on the two sections, the resistivity 

distribution shows layers that can be interpreted as 

topsoil, bauxite deposit, saprolite layer, and 

bedrock (Syahruna, 2019). It also refers to rock 

conditions in the field, as shown in Figure 7. 

Meanwhile, the chargeability distribution shows a 

higher value at a line distance of 117 – 123 m with 
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a depth of 5 – 13 m. Bauxite deposit is a layer that 

contains metallic minerals, so it has a higher 

chargeability value when compared to topsoil or the 

layer above it. However, this chargeability cross-

section does not show the boundary between layers 

because there is no clear contrast. This layer with a 

high chargeability value is assumed to be bedrock 

which is interpreted as volcanic tuff. 

The volcanic tuff shows a higher 

chargeability anomaly when compared to the 

surrounding layers (Dentith & Mudge, 2014). This 

high chargeability value indicates a long decay time 

and suggests the presence of conductive minerals 

(Everett, 2013). Besides, based on the resistivity 

value, bedrock is also composed of sandstones and 

claystones. These rocks will have weathering 

(laterization process), which is thought to have 

occurred due to igneous rock (granite) intrusion, 

resulting in bauxite deposits (Toreno & Moe’tamar, 

2012). Bauxite is formed from weathering 

sedimentary rocks with high Al and low both Fe and 

quartz (SiO2).  

 
(a) 

 

(b) 

Figure 6. 2D cross-section both of resistivity distribution (a) and chargeability distribution (b) 

 
Figure 7. The bauxite deposits in the study area that has been exploited 
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Interpretation result of 2D cross-section 

based on resistivity distribution in the study area as 

shown in Figure 8a, and based on chargeability 

distribution as shown in Figure 8b. Following the 2D 

resistivity and chargeability sections, geological 

maps, and conditions in the field, the top layer is 

interpreted as topsoil, a product of the weathering 

process (physics and chemistry) of the layer below 

it. In this study, the topsoil was not detected by the 

resistivity or chargeability section because its 

thickness is approximately 1 m. The electrode 

spacing of 3 m is thought to be less able to detect 

the relatively shallow top layer, but field 

observations indicate this topsoil's presence.  

 
(a) 

 

(b) 

Figure 8. Interpretation result of 2D cross-section based on both resistivity distribution (a) and 
chargeability distribution (b) 

 

There are several layers below the topsoil. 

First, bauxite deposits with a resistivity value of 331 

- 4120 Ωm (Bolaji et al., 2019), containing aluminum 

oxide, quartz, hematite, and titanium oxide minerals 

(Karno et al., 2012). The bauxite layer is scattered 

along the measurement line but is dominant at a 

distance of about 21 - 117 m with a thickness of 

about 9 m. Second, the layer under the bauxite 

deposit is saprolite with a resistivity value above 

4120 Ωm and a thickness of about 2 - 4 m. Saprolite 

contains aluminum silica (kaolinite) and the 

minerals quartz, titanium oxide, zircon (Syahruna, 

2019). It is a weathering product of bedrock. 

Saprolite is generally lighter in color than the 

bauxite deposits above it, with a brownish-orange, 

whitish orange, and reddish. Third, bedrock with a 

resistivity value above 118,947 Ωm is interpreted as 

volcanic tuff, sandstones, and clays and is at a 

depth of more than 10 m. Based on the 

chargeability cross-section, the bedrock, which is 

interpreted as volcanic tuff, can also be identified 

with a value range of 409 - 699 msec. 

 

CONCLUSION 

 

The study results showed that the sub-

surface layer identified the presence of bauxite 

deposits in the study area. In addition, it showed 

that the subsurface layers were topsoil, bauxite 

deposits, saprolite, and bedrock. Topsoil has a 

thickness of about 1 m and is a product of the 

weathering process. The bauxite deposit has a 
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thickness of about 9 m, containing the minerals 

aluminum oxide, quartz, hematite, and titanium 

oxide. Saprolite has a thickness of about 2 - 4 m, 

contains aluminum silica (kaolinite) and quartz 

minerals, titanium oxide, zircon. It is a weathering 

product of bedrock. The bedrock is at a depth of 

more than 10 m, which is interpreted as volcanic 

tuff, sandstone, and claystone. 
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