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Abstract 
It has been carried out research with the aim of determining the subsurface structure at the geothermal 

area of Sonai Village and its surroundings, Konawe Regency. The data used are magnetic data 

obtained through field measurements at 126 points in the N180oS direction. After the data were 

subjected to diurnal and IGRF corrections, a residual (local) magnetic field anomaly of around -150 

nT to 90 nT was obtained. On the residual magnetic anomaly map which has been reduced to the Pole 

(RTP), the Euler Deconvolution (ED) method is applied to the Index Structure N=0 to estimate the 

subsurface structure in the form of the presence of minor faults, and it is known that there are 5 minor 

faults at a depth of around 9 to 38 meters. Information on the existence of these faults is then used in 

2D modeling. Modeling results show that these minor faults cut through two rock layers, which are 

the layers composed of conglomerate rocks from the Alangga Formation and peridotites as bedrock 

from the Ultramafic Complex. One of the minor faults closest to the manifestation area (hot spring) is 

at coordinates around 4o1’12.412” S and 122o7’24.263” E to 4o1’15.532” S and 122o7’19.561” E with 

a distance of ±15 meters.  The existence of these minor faults is thought to be the migration routes for 

heat flow or conduction to the surface at the geothermal area of Sonai Village and its surroundings. 

Keywords: ED method; minor faults; Residual magnetic field; RTP.   

Introduction 
 

Based on geological environmental 

conditions, geothermal systems in 

Indonesia are divided into two, which are 

volcanic geological environments and non-

volcanic geological environments. The 

islands of Sumatera, Java, Bali, West Nusa 

Tenggara, East Nusa Tenggara, Sulawesi 

and Maluku are areas on the volcanic 

geothermal route. Meanwhile, non-

volcanic environments are in the areas of 

Bangka Belitung, West Kalimantan, South 

Sulawesi, Southeast Sulawesi, Central 

Sulawesi, Maluku and Papua (Aulia et al., 

2022). For non-volcanic geothermal, it is 

usually related to the presence of 

geological structures such as faults in the 

subsurface (Risdianto et al., 2015). 
 

Southeast Sulawesi has the potential to 

have geothermal areas spread from 

mainland Sulawesi to Buton Island. One of 

the areas in Southeast Sulawesi that has 

geothermal potential is at Sonai Village, 

Puriala District, Konawe Regency.  
 

Geothermal is a natural resource in the 

form of hot fluid or steam that is formed in 

the earth's reservoir by heating water 

beneath the surface by hot rocks. Heat 

delivery occurs in the upper mantle and 

earth's crust then is delivered from a heat 
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source to a heat reservoir on the surface. In 

a geothermal system there are several 

things that control it, including heat 

sources, reservoir rocks, the presence of 

geological structures such as faults, and 

water catchment areas (Suryadi et al., 

2017). 
 

In 2015, the Ministry of Energy and 

Mineral Resources' Geological Agency 

conducted a preliminary geochemical 

survey at the geothermal area of Puriala 

District (Anonymous, 2017), and found 

that the hot spring pH was 7 (neutral). 

Then Baskara (2020) researched the 

distribution of hot fluid at the Sonai 

manifestation area using the geoelectric 

resistivity method of the Wenner-

Schlumberger configuration, and it was 

found that the flow of hot fluid at this area 

is thought to be controlled by minor faults. 
 

In this research, the method used is the 

magnetic method. The magnetic method is 

a geophysical method that measures 

variations in the magnetic field on the 

earth's surface caused by variations in the 

distribution of magnetized objects beneath 

the earth's surface (Utama et al., 2016). 

Magnetic methods can also be used to 

determine geological structures such as 

faults, folds and igneous rock intrusions 

(Ngoh et al., 2017). 
 

In processing magnetic data, the Euler 

deconvolution method (Cooper, 2024; 

Daniel & Kingsley, 2020) can be used to 

make it easier to identify the presence of 

geological structures, especially to 

determine the existence of faults in the 

subsurface. This method is applied to 

magnetic data that has undergone 

corrections. 
 

Several researches using magnetic method 

related to geothermal have been carried 

out in several locations, including by 

Luthfin & Jubaidah (2023) at the Banyu 

Biru hotspring Nganjuk Regency, Lestari 

et al. (2022) at Air Putih Tourism Area 

Lebong Regency, Hidayat et al. (2021) at 

Aie Angek Village Tanah Datar Regency, 

Nurhidayah (2019) at Awang Bangkal 

Village South Kalimantan, Sitorus & 

Tampubolon (2018) at the Tinggi Raja 

Area Simalungun Regency, Efendi et al. 

(2018) at the Bada Valley Central 

Sulawesi, Fatimah et al. (2017) at Gedong 

Songo Central Java, and Lestari et al. 

(2016) at Karangrejo Village Pacitan 

District. The results of these studies show 

that the magnetic method is able to provide 

adequate information regarding subsurface 

conditions, both layers and geological 

structures. 

Materials and Methods 

Regional Geology of the Puriala Area 

Regionally, Puriala District is included in 

the Kolaka Series geological map 

(Simandjuntak et al., 1993). Based on the 

rock set and its characteristics, geology 

maps of Kolaka Series can be divided into 

two geological lanes, which are the Tinodo 

Lane and the Hialu Lane. The rocks found 

in the Tinodo Lane which are the base 

rocks are Paleozoic Metamorphic Rocks 

(Pzm) and are thought to be of 

Carboniferous age, consisting of mica 

schist, quartz schist, chlorite schist, 

graphite mica schist, slate and gneiss. The 

rocks found in the Hialu Lane are 

Ophiolite (Ku) rocks which consist of 

peridotite, harzburgite, dunite and 

serpentinite. The youngest rock on this 

series is Alluvium (Qa) which consists of 

river, swamp, and beach sediments 

(Zakaria & Sidarto, 2015). 

 

Based on the regional geological map, the 

research area is in the central part of the 

Southeast Arm of Sulawesi which is still 

influenced by the Konaweha fault which 

trends Northwest-Southeast. The 

formations in the research area based on 

Figure 1 are Alluvium Sediment, Alangga 

Formation and Ultramafic Complex. 
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Figure 1. Geological map of the research area. 

 

 
Figure 2. Research setting map. 

 

Estimation of Subsurface Structure Using Euler Deconvolution Method … 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2024 Dept. of Geophysics Hasanuddin University 

165 

 
Figure 3. Research setting on geological map. 

 

Research Setting 

This research has used magnetic data as 

primary data. Data collection in the field 

was carried out using 1 set of Proton 

Magnetometer and Gradiometer (PMG)-2 

equipment from 12 to 13 November 2023 

at the geothermal area of Sonai Village 

and its surroundings, Puriala District, 

Konawe Regency. The number of 

measurement points is 126 points with a 

distance of ±50 meters on 6 trajectories in 

the direction of N180oS. The area of the 

research is approximately 1,050×900 

meters. The research setting map can be 

seen in Figure 2 and the research setting 

map on the geological map can be seen in 

Figure 3. Apart from that, secondary data 

was also used in the form of an inclination 

angle of -23.75° and a declination of 0.36° 

at the research location. 

 

Data Processing 

1. Diurnal Correction 

Diurnal Correction is a correction made to 

magnetic field data measured in the field 

to eliminate the influence of external 

magnetic fields or diurnal variations. 

Calculation of Diurnal Correction is 

carried out using the formula (Telford et 

al., 1990): 

∆𝐻d  = (
𝑡𝑛−𝑡𝑜

𝑡1 − 𝑡𝑜
) (𝐻1 − 𝐻𝑜)    (1) 

with ∆Hd is the Diurnal Variation 

Correction, H1 is the magnetic field value 

at the end point, Ho is the magnetic field 

value at the starting point, to is the 

measurement time at the starting point, t1 

is the measurement time at the end point, 

and tn is the measurement time at point n. 

2. IGRF Correction 
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IGRF (International Geomagnetic 

Reference Field) correction is a correction 

made to measured magnetic field data that 

has been corrected for diurnal variations to 

remove the influence of the Earth's main 

magnetic field. IGRF values for the 

research area were obtained from The 

International Association of 

Geomagnetism and Aeronomy (IAGA) via 

www.ngdc.noaa.gov/. IGRF correction is 

calculated using the formula (Sirait, 2021; 

Utama et al., 2016): 

∆𝐻t = 𝐻d ± ∆𝐻d − 𝐻𝑜                              (2) 

where ∆Ht is the total magnetic field 

anomaly, Hd is the H value at each 

measurement point, ∆Hd is the Diurnal 

Variation Correction, and Ho is the IGRF 

correction for the Sonai village geothermal 

area and its surroundings. 

3. Upward Continuation 

After performing the two corrections 

above, the total magnetic anomaly data is 

then transformed using Upward 

Continuation (∆Hcontinuation). This stage 

functions to separate regional magnetic 

field anomalies from total magnetic field 

anomalies (Kamureyina et al., 2019; 

Setiani et al., 2019; Pancasari et al., 2020). 

In Fikar et al. (2019) it is stated that this 

process is to eliminate local influences 

originating from surface sources and 

clarify the influence of regional magnetic 

field anomalies. 

4. Residual Magnetic Field Anomaly 

In this research, the target is the residual 

(local) magnetic field anomaly. The 

anomaly is obtained following the 

equation (Telford et al., 1990): 

∆𝐻l  = ∆𝐻t − ∆𝐻continuation  (3) 

where ∆Hl is the residual magnetic field 

anomaly, ∆Ht is the total magnetic 

anomaly and ∆Hcontinuation is the magnetic 

anomaly resulting from Upward 

Continuation. 

5. Reduction to Pole (RTP) 

The residual magnetic field anomaly data 

that has been obtained is then carried out 

by the RTP process on it. It is hoped that 

the magnetic field anomaly is located 

directly above the body of the object 

causing the anomaly. This transformation 

process changes dipole magnetic anomaly 

data into monopole data (Sehah et al., 

2023).  

6. Euler Deconvolution Method 

The Euler Deconvolution method is used 

to estimate the location and depth of 

anomaly sources in the subsurface 

(Ghanbarifar et al., 2024; Cooper, 2024), 

especially the presence of minor faults. 

 

The Euler Deconvolution method is based 

on the degree of Euler homogeneity which 

is interpreted as the Index Structure (N). 

The Index Structure for several anomaly 

models can be seen in Table 1 (Stavrev 

and Reid, 2007). The Euler Deconvolution 

equation at (x,y,z) coordinate is (Pham et 

al., 2024; Daniel & Kingsley, 2020): 

(𝑥 − 𝑥𝑜)
𝜕𝐻

𝜕𝑥
+ (𝑦 − 𝑦𝑜)

𝜕𝐻

𝜕𝑦
+ (𝑧 − 𝑧𝑜)

𝜕𝐻

𝜕𝑧
 

= N(B-H)   (4) 

where (𝑥o,𝑦o,𝑧o) is the coordinate of the 

anomaly source, H the total magnetic field 

detected at (𝑥,𝑦,𝑧), and B the regional 

magnetic field. 

 
Table 1. Index Structure (N) for several magnetic 

anomaly models (Stavrev & Reid, 2007). 

N Magnetic Anomaly Model 

0 Contact/ fault 
1 Sill/ dike 

2 Cylinder 

 

Results and Discussion 
 

The Total Magnetic Field Measured at the 

Research Area 

Magnetic field measurements at the Sonai 

geothermal area and its surroundings were 

carried out using 1 set of PMG-2 

equipment. The measurement results are in 

the form of uncorrected magnetic anomaly 
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contour as shown in Figure 4. The 

magnetic field values obtained ranged 

from 42,220.59 nT to 42,469.21 nT. 
 

Figure 4 shows that there are tighter and 

looser contour closures. This situation is 

caused by the inhomogeneous distribution 

of the magnetic susceptibility of the 

material or layer in the subsurface. 

 

 

 
Figure 4. Measured magnetic field distribution. 

 

Total Magnetic Field Anomaly 

The total magnetic field anomaly value in 

an area can be calculated using equation 

(4). After performing Diurnal and IGRF 

Corrections, it is known that the magnetic 

anomaly values at the research area are 

between -171.17 nT and 82.47 nT. This 

result can be seen in Figure 5. 

 

Based on Figure 5, qualitatively the 

distribution of total magnetic field 

anomalies in the research area is divided 

into three different anomaly trends, which 

are high, medium, and low anomalies. The 

distribution of high anomalies with an 

anomaly range of around 10 nT to 82 nT is 

dominant in the Northern part with a West-

Northeast direction. The distribution of 

this anomaly pattern decreases towards the 

West. The medium anomaly pattern with 

an anomaly range of around -90 nT to 10 

nT is in the Southern part of the research 

area. This medium anomaly has a 

downward trend from North-Northwest to 

West-Northwest. Meanwhile, the low 

anomaly pattern with an anomaly range of 

around -171 nT to -90 nT is dominant in 

the South-Southwestern part of the 

research area. 

 

Upward Continuation Results 

Through a trial-and-error process, Upward 

Continuation was carried out 6 times, 

which are at a height of 150 meters, 200 

meters, 250 meters, 300 meters, 350 

meters, and 400 meters, and the results are 

shown in Figure 6. Based on the contour 

map, it can be seen that the lifting process 

stopped at a height of 300 meters because 

at this height the shallow anomalies tended 

to disappear leaving regional anomalies as 

marked with contour changes that tend to 

stabilize if the lifting process continues at 

a higher level. 
 

Residual Magnetic Field Anomaly 
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The results of Upward Continuation are 

still in the form of regional magnetic field 

anomalies which are not the research 

target, so to obtain residual (local) 

magnetic anomalies which are the target, 

further processing needs to be carried out. 

Residual anomaly follows equation (3).  
 

 

 
Figure 5. Corrected total magnetic field anomaly distribution. 

 

The residual magnetic field anomaly 

contour map in Figure 7 shows the local 

geological structure pattern in the research 

area. This figure shows qualitatively the 

distribution of areas with high and low 

susceptibility values. The residual 

magnetic field anomaly contour ranges 

from -150 nT to 90 nT where medium to 

high anomalies is in the Northern part of 

the research area and low anomaly 

contours are dominant in the Southern 

part. 
 

RTP Transformation of Residual Magnetic 

Anomaly Data 

The residual magnetic field anomaly data 

are then subjected to RTP transformation 

with the aim of eliminating the influence 

of the magnetic inclination angle. In this 

research, the transformation was carried 

out from inclination -23.75° to 90° and 

from declination 0.36° to 0°. This 

transformation is performed on the 

residual magnetic field anomaly data. The 

results ranged from around -89.1 nT to 91 

nT which can be seen in Figure 8. 

 

Applying Euler Deconvolution Method to 

Residual Anomaly Contour Map 

The application of Euler Deconvolution 

method begins with creating a synthetic 

fault model which is then tested for the 

Euler Deconvolution response. Subsurface 

geological structures, especially the 

location and depth of faults, are identified 

based on the use of the Index Structure 

N=0 with a maximum error tolerance of 

15%. 

 

The results of Euler Deconvolution can be 

seen in Figure 9. Based on this figure, 

several minor faults were found at the 

research location. The suspected location 

of minor faults is marked by a distribution 

of green and blue Euler points. The 

location is in the North-East which 

stretches to the Southeast, as well as in the 

North to North-West. A small number of 

faults are also in the South and Southwest, 
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close to area of geothermal manifestation 

(hot spring). These minor faults are at a 

depth of around 9 to 38 meters. 

 

 

 
Figure 6. Upward continuation at a height of 150 to 400 meters. 

Sariani et al. / Jurnal Geocelebes Vol. 8 No. 2, October 2024, 162 – 177 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2024 Dept. of Geophysics Hasanuddin University 

170 

 
Figure 7. Residual magnetic field anomaly distribution. 

 

 
Figure 8. Residual magnetic anomaly contour that has been reduced to the Pole (RTP). 

Making Slices for 2D Modeling 

For 2D modeling, 2 slices were made on 

the residual magnetic anomaly map. These 

slices are A-A' and B-B' (Figure 10). For 

the first slice or A-Aˈ slice, it is transverse 

from the North-West to the Southeast 

through areas where 3 minor faults are 

thought to lie in the subsurface. 

Meanwhile, the second slice or B-Bˈ slice 

runs transversely from West to East 

through the geothermal manifestation (hot 

spring), as well as through areas where it is 

suspected that there are also 3 faults in the 

subsurface. Determining the slice paths is 

based on the result of Euler 

Deconvolution, so it will be easier to 

determine the presence of faults through 

2D subsurface modeling. 
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Figure 9. Euler points on the residual magnetic anomaly contour. 

 
Figure 10. Direction of A-A' and B-B' slices. 

 

2D Modeling Results of Subsurface 

Structure 

Based on the result of 2D modeling for the 

A-Aˈ slice in Figure 11, it was found that 

the subsurface condition consists of three 

layers, which are the first layer consists of 

three types of rocks with a susceptibility 

value of 0.001 which is thought to be sand, 

a susceptibility value of 0.002 is thought to 

be clay and 0.004 as sandstone. Sand and 

clay are included in the Alluvium 

Sediment which is characterized by the 

presence of swamps near the geothermal 

manifestation area, while sandstone is 

included in the Alangga Formation. The 

second layer consists of only one type of 

rock, which is rock with a susceptibility 

value of 0.005 which is thought to be 

conglomerate rock, and from the figure it 

looks relatively dominant in the Northwest 
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part of the research area. This rock is 

included in the Alangga Formation. 

Meanwhile, the third layer is only 

composed of rocks with a susceptibility 

value of 0.01 which is thought to be 

peridotite and is included in the Ultramafic 

Complex. This layer is relatively thinner in 

the Southeast of the research area. 

 

 
Figure 11. 2D modeling result for A-Aˈ slice. 

 

 
Figure 12. 2D modeling result for B-B' slice. 

 

For the B-Bˈ slice in Figure 12, three 

layers were also found. The first layer 

consists of three types of rocks with each 

susceptibility value of 0.001 which is 

thought to be sand, 0.002 which is thought 

to be clay and 0.004 which is thought to be 

sandstone. The first two types of rocks are 

the Alluvium Sediments, while the third is 

included in the Alangga Formation. The 

second layer consists only of rocks with a 

susceptibility value of 0.004 which is 

thought to be conglomerate rock, and 

includes the Alangga Formation. 

Meanwhile, the third layer also consists of 

only one type of rock, which is rock with a 

susceptibility value of 0.01, and is thought 

to be peridotite. This rock is part of the 

Ultramafic Complex. It can be seen that 

the thickness of this rock layer is relatively 

thicker than the peridotite layer in the A-

Aˈ slice. 

 

The rocks or materials found through 

modeling are in accordance with the 

regional geological map of the research 

area in Figure 1. In addition, it is also in 

accordance with the geological conditions 

found directly in the research area where 

swamps and peridotite outcrops were 

found which can be seen in Figure 13. 

Estimation of Subsurface Structure Using Euler Deconvolution Method … 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2024 Dept. of Geophysics Hasanuddin University 

173 

 
Figure 13. (a). Alluvium sediments in the form of swamps, (b). Laterite soil, and (c). Weathered peridotite 

outcrop. 

 

The first layer in Figures 11 and 12 above 

is a layer that can function as a fluid 

reservoir in geothermal area. This is 

because alluvium sediments such as sand 

and clay are loose materials and have 

pores that are good enough to store and 

pass water. It is this permeable nature that 

allows this layer to become a reservoir 

zone. The second layer is also a permeable 

layer because it is formed from 

conglomerate and sandstone from the 

Alangga Formation. While the third layer 

is a compact layer formed from peridotite. 

Peridotite is an igneous rock from the 

Ultramafic Complex that can function as a 

bedrock layer. This is because of its 

impermeable nature.  

 

In this research, several minor fault 

segments were also found, as can be seen 

in Figures 11 and 12 above. Minor faults 

were found at 6 different locations, which 

are:  

1. Fault f1 is located at coordinates 

4o0’61.041” S and 122o7’16.172” E to 

4o1’5.421” S and 122o7’15.411” E, and 

is approximately 363 meters from the 

hot spring.  

2. Fault f2 is located at coordinates 

4o1’2.360” S and 122o7’14.110” E to 

4o1’12.168” S and 122o7’15.061” E, 

and is approximately 68 meters from 

the hot spring.  

3.  Fault f3 is at coordinates 4o1’22.051” S 

and 122o7’19.232” E to 4o1’9.371” S 

and 122o7’19.640” E, and is 

approximately 30 meters from the hot 

spring.  

4.  Fault f4 is at coordinates 4o1’18.345” S 

and 122o7’13.177” E to 4o1’27.255” S 

and 122o7’17.363” E, and is 

approximately 32 meters from the hot 

spring.   

5.  Fault f5 is at coordinates 4o1’12.412” S 

and 122o7’24.263” E to 4o1’15.532” S 

and 122o7’19.561” E, and is 

approximately 15 meters from the hot 

spring.  

6.  Fault f6 is at coordinates 4o1’17.610” S 

and 122o7’27.189” E to 4o1’27.431” S 

and 122o7’35.240” E, and is 

approximately 57 meters from the hot 

spring. 

 

Regionally, the research area is influenced 

by the Konaweha strike-slip fault which 

trends Northwest-Southeast (Tamburaka, 

2019). As a result of this fault shift, minor 

faults were formed which caused the 

emergence of manifestation such as hot 

spring in the research area. This fault was 

formed based on the deformation 

relationship between the horizontal fault 

system and the formation of a basin called 

a pull-apart-basin so that the conglomerate 

layer in the Northwest (NW) and 

Southeast (SE) of the research area tends 

to be thinner than the conglomerate layer 

in the middle.  
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The minor faults found in this research cut 

through the Alangga Formation and 

bedrock layer as shown in Figures 11 and 

12. This condition shows that the type of 

geothermal at Sonai Village and its 

surroundings is non-volcanic geothermal 

where the fluid comes from surface water, 

and the heat source is controlled by 

fractures in the form of minor faults 

formed in the rocks. The fracture zone is a 

permeable zone that is capable of 

channeling geothermal fluid. 

 

The fault zones in Figures 11 and 12 are 

thought to act as geothermal fluid 

migration routes to the surface. As a result 

of these zones, fluid is heated and moves 

upwards so that it accumulates in the 

permeable zone (alluvium sediment). The 

movement of the fluid is thought to also be 

influenced by the topography of the 

research area where fluid originating from 

surface water will move and accumulate in 

lower area. Because the area is close to 

minor fault zones, hot spring emerges in 

the area. The area in question is now 

known by the local population as the Sonai 

hot spring, Puriala.  

 

Conclusion 

 

Based on the research results, it can be 

concluded that the Sonai area and its 

surroundings are composed of 3 

formations, which are Alluvium Sediment, 

Alangga Formation and Ultramafic 

Complex. For Alluvium Sediment, it was 

found to be sand with a susceptibility 

value of 0.001 and clay with a 

susceptibility value of 0.002. For the 

Alangga Formation, it consists of 

sandstone with a susceptibility value of 

0.004 and conglomerate rock with a 

susceptibility value of 0.005. Meanwhile, 

the Ultramafic Complex consists of 

peridotite rock with a susceptibility value 

of 0.001. 

 

Apart from that, in the research area 

geological structures were found in the 

form of minor faults at a depth of around 9 

to 38 meters which are thought to be the 

cause of the emergence of geothermal 

manifestation such as hot spring. Of the 

several faults found, one of the minor 

faults closest to the manifestation is at 

coordinates 4o1’12.412” S and 

122o7’24.263” E to 4o1’15.532” S and 

122o7’19.561” E with a distance of ±15 

meters. The formation of these faults is 

thought to be caused by the activity of the 

Konaweha fault which is close to the 

manifestation area. These minor faults cut 

through two rock layers, which are a layer 

composed of conglomerate rock from the 

Alangga Formation and a rock layer 

composed of peridotite from the 

Ultramafic Complex. This peridotite layer 

functions as bedrock at the Sonai 

geothermal area, Puriala District, Konawe 

Regency. 

 

The existence of minor faults found at the 

area Sonai geothermal is thought to be the 

pathways of geothermal migration to the 

surface through conglomerate rock and 

peridotite layers, both in the form of heat 

flow and conduction. These minor faults 

act as heat controllers. At the same time, it 

proves that the type of geothermal in this 

area is non-volcanic. 
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