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Abstract 

Gravity and resistivity are geophysical methods used to delineate the subsurface of the Earth. The 

interpretation of subsurface layers can be useful for exploration purposes and detecting anomalies 

that could lead to hazardous events. In this study, a CG-5 Autograv Scintrex was used to measure 

and collect gravity data where gravity points were calculated at 5 to 10 meters between each station. 

This method is conducted in a looping manner whereby, after every three (3) hour interval, the 

gravity points are tied to the base for the closing of the loop. These data points were then transferred 

into a computer for further processing and interpretation. Similarly, the resistivity method 

investigates variations of electrical resistance by causing electrical current to flow through the 

subsurface using wires connected to the ground. In this research, a dipole-dipole protocol was 

implemented to a 200-meter-long survey line with each line representing 100 meters from the 

center. The electrodes were planted every 5 meters across 6 survey lines using ABEM Terrameter 

SAS 4000. The obtained resistivity data were also transferred into the computer for further 

processing using the RES2DINV programme to create a resistivity pseudosection model. The 

model was further interpreted to locate the karstic void from the difference in resistivity value at 

different depths. The combined results from both gravity and resistivity methods gave a more 

accurate representation of the Earth's subsurface layers which in turn enable the location of the void 

to be pinpointed more accurately. 
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Introduction  

When water and other substances work on 

carbonate rocks like limestone or dolomite, 

the result is a unique topography known as 

karst (Gambetta et al., 2011; McGrath et al., 

2002; Styles et al., 2005; Thode et al., 1965). 

These processes form irregular structures 

over thousands to millions of years, including 

cliffs, sinkholes, caverns, subsidence, and 

floaters (Amaral et al., 2013). Finding karstic 

structures beneath the surface is one of the 

practical and significant geophysical survey 

research (Ahmad et al., 2006; Elhaj, 2016; 

Iqbal and Khan, 2014; Zhou et al., 2002). 

Geophysics requires understanding the 

Earth's subsurface to explore what is under 

the surface. This facilitates the investigation 

and detection of anomalies that may lead to 

hazardous circumstances. The largest district 

in Kelantan is Gua Musang situated in the 

southern part of the Malaysian province. The 

region is undergoing significant 

infrastructure and development due to its 

large physical area and expanding 
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population, yet there are some detrimental 

effects because of a lack of knowledge and 

understanding of the geological structure of 

the surrounding environment. The area is 

surrounded mostly by caves and other 

geological structures which are mostly 

covered by rocks (limestones and dolomite) 

(Amaral et al., 2013). These rocks can lead to 

the formation of karstic topography under the 

influence of water and other agents due to 

their physical and chemical structure that 

allows them to dissolve and erode easily.  

The formation of karst can lead to the 

deformation of the subsurface layer and also 

lead to the occurrence of voids and cavities in 

the subsurface (Amaral et al., 2013; 

Chalikakis et al., 2011). It is therefore 

important to understand the geology of the 

area including the subsurface to avoid any 

structural collapses due to the instability of 

the bedrock. This research aims to map and 

analyse any possible karstic void in the study 

area using geophysical (Gravity and 

Resistivity) methods. These methods provide 

an accurate interpretation of the subsurface 

(Gochenour et al., 2018; Gochenour et al., 

2017). The gravity method is used in 

determining the type of subsurface and 

locating the cavity areas while the resistivity 

method is used in mapping the cavities, 

groundwater, and depth of the bedrock.  

Geology and Area of Study  

Gua Musang is a district which is situated in 

southern Kelantan, Malaysia. The location of 

the field study was focused on the oil palm 

plantation area with the geographical 

coordinates of 4.87427ºN and 101.96868°E. 

Two formations exist in Gua Musang: Gua 

Musang Formation and Gunung Rabong 

Formation. The Gua Musang formation has 

existed from the Middle Permian to the Late 

Triassic. This formation consists of 

argillaceous and calcareous rock, interbedded 

with volcanic facies with some minor 

presence of arenaceous rocks. Its 

depositional setting exists from a shallow 

marine shelf deposit with active volcanic 

activity (Lee, 2004). Meanwhile, Gunung 

Rabong Formation's constituents are mainly 

sandstone with a minor presence of shale, 

mudstone, siltstone, conglomerate, and 

volcanic rock. Its existence is known to be 

formed from the Middle Triassic to the Late 

Triassic (Bakhshipour et al., 2013; Khoo, 

1983). 
 

Materials and Methods 

To investigate the location of the karstic 

voids in Gua Musang, Kelantan, the data 

were acquired using two suitable geophysical 

(resistivity and gravity) methods. In the 

resistivity method, the data was acquired 

using a dipole-dipole array with separation of 

about 10 m in 200 m survey lines, and the 

main equipment used was ABEM Terrameter 

SAS 4000 with a few tools and instruments 

shown in Figure 1 and Table 1 

 

 
Figure 1: The 2-D Electrical Resistivity Tomography (ERT) Equipment 
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Table 1: List of tools used and their corresponding units.  

No  Tools and Instruments  Units 

1. ABEM Terrameter SAS 4000  1 

2 ABEM electrode selector ES 10-64C 1 

3 Battery 12V 1 

4 Power Cable (12V battery to SAS 4000) 1 

5 ABEM Lund Multi-Electrode Cable Connector 

100m 

2 

6 Connection Cable (jumper) 42 

7 Stainless Steel electrode 41 

8 GPS 1 

9 Hammer 2 

10 Measuring Tape 50m 1 

11 Beach Umbrella 1 

 

Whereas, in the gravity method, data were 

obtained randomly using a spacing of 

roughly 10 m in the same survey region as the 

resistivity approach. The primary tool for the 

gravity survey is the tripod-height-adjustable 

CG-5 Autograv Scintrex Gravimeter. The 

Global Positioning System (GPS) was used 

to ascertain the coordinates of the base 

station. To show whether any spots had been 

moved from their initial location, the spray 

was utilized. Important information about the 

survey region and all of the data shown on the 

gravimeter were recorded on data sheets. 

Figure 2 displays the CG-5 Autograv 

Scintrex Gravimeter used in the gravity 

survey method, and Table 2 lists other tools 

used. 

.  

Figure 2: Equipment of the gravity measurements acquisition Scintrex CG-5 Autograv. 

 

Table 2: Equipment List for gravity measurements acquisition Scintrex CG-5 Autograv 

SN Equipment  

1 CG-Autograv Scintrex Gravimeter 

2 Adjustable Tripod Height 

3 Spray Can 

4 GPS 

5 Data Sheets 

6 Measuring Tape 
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Resistivity and Gravity data acquisition 

and processing methods 

Several steps were considered while acquiring 

data using the Resistivity method. After 

locating the suitable study area, the equipment 

was set up with a measured survey length of 

200 meters. The resistivity cable was laid out 

at the length of 200 m with 100 m on each side 

of the Terrameter, selector, and battery which 

were placed at the centre of the survey line. 

Forty (40) electrodes were planted into the 

ground using a hammer with each electrode 

separated by a 5 m distance across the survey 

line. Following the placement of electrodes, 

jumpers were used to connect the electrodes 

with the takeout at the ABEM Lund Multi-

Electrode Cable Connector. At the centre of 

the survey line, the Terrameter was connected 

to the 12 V sealed acid battery and also, and 

the Terrameter was then connected to the 

ABEM electrode selector ES 10- 64C using 

the connection cable. After the data 

acquisition phase was finished, the recorded 

data from the Terramater was transferred into 

the computer using the SAS4000, processed 

with the RES2DINV software to create a 

resistivity surface layer model, and then 

imported into ArcGIS software for additional 

analysis. 

Likewise, many procedures were taken into 

account when gathering data through the 

Gravity approach. The initial step was to 

choose the ideal site for the base station. The 

tripod was then firmly placed on the flat 

surface after making sure the bubble on the 

tripod was plumbed at the centre. The 

Scrintex Microgravity Meter was carefully 

positioned on the tripod. Then, certain 

parameters such as the date, time, and the 

number of readings taken were set up on the 

microgravity meter by turning the knob on 

the machine. The survey was carried out 

based on a loop pattern, so, the base reading 

was obtained at every 3 hours interval. This 

step allows the loop pattern to be closed, 

followed by the opening of a new one. The 

reading with the lowest standard deviation is 

prioritized. The raw data from Scintrex 

Gravity Meter were exported into the 

computer and processed using Microsoft 

Excel. A few lists of errors and corrections 

such as free-air correction, Bouguer 

correction, and latitude correction were 

identified and corrected to produce Bouguer 

Anomaly. The processed and corrected data 

with parameters such as altitude, longitude, 

and Bouguer Anomaly were transferred to 

the ArcGIS software based on the surface 

gravity value using the WGS1984 file to 

create a contour map for further 

interpretation and analysis.  
 

Results and Discussion 

This section presents the findings and 

explanations of the resistivity and gravity 

methods used in the geophysical study. 

RES2DINV is the program needed to process 

the data in the resistivity survey, while 

ArcGIS is utilized to create a contour map 

based on the Bouguer anomaly that is 

computed from the gravity data points. The 

data is analysed to identify and pinpoint any 

potential karstic voids in the subsurface 

layers.  

 
Figure 3: The map of the study area showing the location of the resistivity lines and gravity points 

(Google Earth, 2015). 
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Resistivity data interpretation 

The RES2DINV application is used to 

analyze the pseudosection of the resistivity 

model to interpret the resistivity data. Based 

on the observed differences in resistivity 

values at various depths, this resistivity 

model characterizes the underlying layers 

and provides indications of the existence of 

abnormalities (such as karstic voids). In 

general, as the depth of the subsurface layers 

increases, so does the resistivity value. Six 

(6) different survey lines with a length of 200 

meters for each line were conducted. The 

resistivity line has a penetration depth of up 

to 43 meters. To find the potential anomalies, 

the resistivity variations in each survey line 

were computed and then further analysed. 

Figures (4-9) display the resistivity 

pseudosection layers. The pseudosection of 

the resistivity profile along line 1, which runs 

from northwest to southeast, is displayed in 

Figure 4. Three distinct layers, each with a 

corresponding depth, make up the profile. 

The first layer has the lowest resistivity 

values between 0 and 190 Ωm and a depth of 

0 to 7.45 meters. The low resistivity value 

may be attributed to the presence of the moist 

content on the surface of the profile. At 

depths between 7.45 and 14.0 meters, the 

resistivity value increases significantly, 

ranging from 190 to 750 Ωm. The zone where 

soil transitions to bedrock may be connected 

to the rise in resistivity levels. With depth 

values ranging from 14.0 to 43.0 meters, the 

resistivity values also range between 750 and 

3500 Ωm, respectively. There is an 

irregularity in this stratum that could be 

interpreted as a region of voids filled with air. 

Because air has a nearly infinite resistivity, 

anomalies like air-filled empty areas and 

caves typically exhibit higher resistivity 

values than the underlying bedrock (Ismail 

and Anderson, 2012). 

 

 
Figure 4: 2D Pseudo section for Resistivity Line 1 

 

The processed pseudosection from survey 

line 2 is shown in Figure 5. Due to the 

differences in resistivity values, three distinct 

profile layers were observed, just like in 

Survey 1. The resistivity values at the 

topmost layer range from 0 to 300 Ωm, with 

their respective depth values ranging from 0 

to 13.0 meters. The topsoil's exposure to 

weathering and propensity to contain loamy 

soil is thought to be the cause of the low 

resistivity reading at the first layer. In the 

layer, the resistivity values ranged from 300 

to 950 Ωm at depths of 13.0 to 19.6 meters, 

respectively. The depth of the lowest layer 

ranges from 19.6 meters and above with the 

resistivity values ranging from 950 to 1500 

Ωm where a couple of anomalies were 

observed. The resistivity value of these 

anomalies is higher than those of the nearby 

rock layers. The recorded resistivity of 

10,000 Ωm indicates that this anomaly is 

represented by an air-filled cavity placed on 

a limestone environment of 5000 Ωm.  
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Figure 5: 2D Pseudosection for Resistivity Line 2. 

 

The pseudosection of the resistivity profile 

taken at survey line 3 is displayed in Figure 

6. The uppermost layer's depth values range 

from 0 to 13 meters, and their corresponding 

resistivity values are 0 and 190 Ωm. The top 

portion of the subsurface layer containing 

loamy soil may cause a low resistivity value. 

With resistivity values ranging from 190 to 

750 Ωm, the middle section's depth values 

range from 13.0 to 15.0 meters, indicating a 

transition zone between the topsoil and the 

bedrock. The lowest portion of the 

pseudosection has a depth value from 15.0 to 

43.0 meters, while the maximum resistivity 

values range between 750 and 3000 Ωm. A 

little air-filled vacuum could be the cause of 

the observed anomaly. 

 
Figure 6: Resistivity pseudosection of survey line 3 

 

The resistivity profile pseudosection at 

survey line 4 with characteristic depth values 

is displayed in Figure 7. The upper portion of 

the profile, whose depth values range from 0 

to 13.0 meters, contains the layer with the 

lowest resistivity rating (0-190 Ωm). A low 

resistivity value typically denotes the 

existence of surfaces that are damp and rich 

in loam. The profile's middle layer is 

understood to be a transitional area that 

divides the bedrock from the loam-rich 

surface. This layer has resistivity values 

between 190 and 750 Ωm, with depth values 

of 13.0 and 19.6 meters, respectively. The 

resistivity value in the third layer of this 

survey line falls between 750 and 8500 Ωm 

at depths ranging from 19.6 to 43.0 meters. 

The higher resistivity value than the two 

previous layers may be attributed to the 

limestone present as stated by that the 

resistivity value of limestone can reach 

100,000 Ωm. 
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Figure 7: 2D Pseudosection for Resistivity Line 4 
 

The survey line 5 pseudosection is shown in 

Figure 8. Three layers make up the profile, 

and each has been covered in further detail. 

With depth values ranging from 0 to 13.0 

meters, the highest section of the profile has 

a reported resistivity value between 0 and 190 

Ωm. The second layer is considered a 

transition zone with depth values between 13 

and 19.6 meters and corresponding resistivity 

values between 300 and 1500 Ωm. The 

maximum resistivity value, which ranges 

from 3500 to 10,000 Ωm, is measured from 

37.4 to 43.0 meters, respectively at the last 

layer. The existence of limestone formation 

is indicated by an increase in the resistivity 

value.  

 
Figure 8: 2D Pseudosection for Resistivity Line 5 
 

The resistivity profile pseudosection based 

on survey line 6 is displayed in Figure 9. The 

profile's uppermost portion displays the 

lowest resistivity values, which range from 0 

to 300 Ωm. Because the top layer is primarily 

composed of clay or damp soil, the resistivity 

value is low. The resistivity values between 

300 and 1500 Ωm were recorded at a depth of 

around 10.0 to 13.0 meters. This layer divides 

the bedrock from the topsoil. The resistivity 

profile's lowest layer shows the highest 

resistivity value, which is estimated to be 

around 1500 Ωm at a depth of roughly 13.0 

to 43.0 meters. An area of worn bedrock and 

limestone is thought to be the source of the 

high resistivity layer. 

 
Figure 9: 2D Pseudosection for Resistivity Line 6 
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The pseudosection of the resistivity profile 

depicts the change of resistivity values at 

various depths of the subsurface layers based 

on the survey lines from Figures 4 to 9. The 

pseudosection is divided into three distinct 

layers at varying depths by the variations in 

resistivity values. A mixture of soil, clay, 

sand, and silt is associated with the lowest 

resistivity zone, which is represented by the 

upper layer. The second layer represents the 

transition zone between the bedrock and the 

loam-rich topsoil. The lowest subsurface 

layer exhibits the highest resistivity value, 

which is associated with the presence of 

limestone, which causes karstic voids to 

occur. A few anomalies to exist on several 

survey lines based on the resistivity profile 

results. The third layer of the resistivity 

profile serves as the primary foundation for 

these deviations. 

Gravity data interpretation  

The research region, situated at the palm oil 

plantation in Gua Musang, Kelantan, is seen 

on the Bouguer anomaly contour map in 

Figure 10. The range of the local gravity 

values is 5041.35 to 5830.07 mGal. The 

northeast region has the lowest value, 

5041.35 mGal. However, low gravity 

values are also present in some parts of the 

southwest. The density of the underlying 

layers mostly determines the significance of 

the measured gravity result. The low-density 

area is thought to be an unconsolidated soil 

material that is most impacted by the puddles 

that form on the ground as a result of heavy 

rain. In the meantime, the yellow to gold 

range denotes the medium to high-density 

area. It is believed that there is an anomaly 

between resistivity survey lines 1 and 2 with 

a lower density value than the surrounding 

area. The reduced density of the anomaly is 

believed to be due to the possible presence of 

an air-filled gap in that area. The data from 

the resistivity survey conducted in this area is 

used to assist in interpreting the gravity 

study's findings. Survey lines 1 through 6 

from the previous dipole-dipole survey are 

linked to the gravity survey to provide a more 

accurate understanding of the underlying 

layers. Finding any possible karstic voids is 

therefore easy and precise. 

 
Figure 10: Bouguer anomaly map of the study area 
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Resistivity profile pseudosections were 

produced based on the 6 survey lines that 

range from northwest to southeast direction 

across the study area. The collected resistivity 

data were processed via RES2DINV 

programme to be further interpreted. 

Meanwhile, for gravity survey method, there 

are about 85 gravity points collected 

throughout the study area. This method 

involved the production of a Bouguer anomaly 

contour map by using ArcGIS software. 

Whereby, the values of Bouguer anomaly 

determine the anomalies present in the area, 

and assumptions are made. Based on 

pseudosection profiles and Bouguer anomaly 

of both resistivity and gravity survey 

respectively, a correlation is made between the 

two methods. A final interpretation is made to 

the generated contour map for the possible 

location of karstic void. 
 

Conclusion 

According to this study, karstic structures in 

the subsurface can be found and identified 

using geophysical (resistivity and gravity) 

methods. In the gravity method, the measured 

data are gravitational field of the Earth in 

space and time while its estimated property is 

density. Similarly, in Geo-electric method, the 

measured data is earth resistance and its 

estimated property is electrical resistivity. 

These methods are quite helpful and generally 

very user-friendly because of their features 

and specifications that are easy to use without 

requiring human participation. The specific 

location of these voids was further analysed 

using the Geographical Information System 

(GIS) to identify and map the subsurface 

karstic feature of Gua Musang. The data 

interpreted from the gravity method generated 

based on the Bouguer anomaly values were 

correlated with the interpretations of six 

resistivity survey lines. A clear picture of the 

subsurface, including variations in karstic 

structures and their fill or void status, was 

given by the contrast in Bouguer anomaly 

within the research area.  

The observed anomaly is interpreted as a 

karstic void due to the variation in resistivity 

value between the anomaly and the 

surrounding rock. Based on the standard 

resistivity values range, the calculated 

resistivity value ranges between 50 to 400 

Ωm. According to (Loke, 2011; Wilkinson et 

al., 2014a), this range of resistivity value is 

indicated by limestone layers which tend to 

form karst as a result of soil dissolution. 

Consequently, a significant likelihood of 

karstic features is indicated by the anomaly 

that affects the result. The combined methods 

gave a more accurate representation of the 

Earth's subsurface layers which in turn 

reduces uncertainty in void localization. 

Similar results were obtained as compared to 

the previous survey carried out in Gua Musang 

(Elhaj, 2016).  
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