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Abstract. Magnetic surveying is one of the geophysical exploration techniques 

which can be applied to investigate subsurface conditions including groundwater 

by utilizing the magnetic susceptibility properties of rocks. The study purposes 

to localize groundwater fractures in the volcanic rock complexes of the Situ Tirta 

Marta Kutasari area of Purbalingga Regency based on magnetic anomaly data 

analysis. The research area is an area below the groundwater recharge area for 

the Purwokerto-Purbalingga Groundwater Basin located on the slopes of Slamet 

Volcano. The study began with the acquisition of total magnetic intensity data 

at 256 predetermined location points. The spatial distance between data points 

was made closer (i.e. 100 m) with a regular pattern forming a grid. The 

processing of total magnetic intensity data was carried out in several stages 

including some corrections and reductions so that local magnetic anomalies data 

were obtained with values ranging from -1408.16 - 775.95 nT. Furthermore, the 

local magnetic anomalies data were reduced to the pole so that the values 

obtained range from -2022.48 - 1522.89 nT. First Horizontal Derivative (FHD) 

analysis of local magnetic anomalies data that have been reduced to the pole 

shows a maximum horizontal gradient patterns interpreted as the boundaries of 

lithological contacts in the form of fractures within or between volcanic rock 

complexes. The fractures in the volcanic rocks are estimated to be groundwater 

flow paths originating from the recharge area to the discharge area, including the 

groundwater manifestation area in the Situ Marta complex, Purbalingga 

Regency. 

Keywords: magnetic anomaly data, groundwater fractures, volcanic rock complex, first 

horizontal derivative, Purbalingga 

A. Introduction 

A groundwater basin is an area bounded by hydrogeological boundaries, all 

hydrogeological events or processes such as recharge, drainage, and discharge of groundwater 

can take place in the area [1]. Based on these criteria, a groundwater basin must have a recharge 

area and discharge area in one groundwater formation system. The recharge area is a 

conservation area; where in that area groundwater is not to be utilized on a large scale [2]. 

Meanwhile, in the discharge area, groundwater can be exploited while still considering 

environmental factors [3]. Generally, the rock formations that fill the discharge area are of the 

alluvial type with large porosity and permeability so that they are easy to occupy and allow 

groundwater to flow [4]. One of the groundwater basins in Central Java Province that has the 

potential to be developed into a water source for agricultural irrigation is the Purwokerto-
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Purbalingga Groundwater Basin. This groundwater basin stretches from Banyumas Regency to 

Banjarnegara Regency with an area of around 1,318.2 km2 [5] as seen in Figure 1.  

 
Figure 1. Location map of the Purwokerto-Purbalingga Groundwater Basin [6]. 

The Purwokerto-Purbalingga Groundwater Basin has a recharge area in the south slope 

area of Slamet Volcano, Central Java [7]. The characteristics of recharge area need to be known 

as an effort to preserve groundwater in the Purwokerto-Purbalingga Groundwater Basin area. 

Excessive use of groundwater in recharge areas can disrupt the availability of groundwater in 

discharge areas [8]. Knowledge of the characteristics of recharge area can help estimate the 

groundwater reserves contained therein. This area is composed of massive lava rock with many 

fractures and vesicular lava rock which has many cavities [9]. Cracks and cavities in volcanic 

rock complexes can act as potential groundwater aquifers. Groundwater exploration is generally 

carried out using geoelectric methods [10]. However, this method is often insensitive and 

experiences problems with current injection when applied to hard and massive volcanic rock 

complexes. Therefore, the use of other geophysical exploration methods needs to be considered. 

One geophysical exploration method that is suitable to be applied in areas like this is magnetic 

method [11]. The application of magnetic methods with higher spatial resolution [12] can be 

used as a solution for groundwater exploration in volcanic rock complexes, including in the 

recharge area of Purwokerto-Purbalingga Groundwater Basin.  

Magnetic anomaly data filtering techniques allow researchers to map and localize local 

faults in volcanic rock complexes [13]. These local faults are areas of lithological boundaries 

between rock blocks. These boundary areas are cracks and fractures that can be filled by water 

to a certain depth [14] and form aquifers in volcanic rock complexes. The magnetic surveys 

have high sensitivity to volcanic rocks, because generally these rocks contain many metalic 

minerals which have relatively large magnetic susceptibility values [15]. Magnetic 

susceptibility is a proportionality value which shows the level of magnetism of a material in 

response to the magnetic field that induces it. Magnetic susceptibility can be used as a parameter 

to identify subsurface rock types through numerical modeling [16]. Meanwhile to identify the 

distribution of local faults containing groundwater in volcanic rock complexes, the First 

Horizontal Derivative (FHD) filter can be applied [17]. This filter can be applied to identify 

lithological contact boundaries between rock blocks in an area. The filtering results are useful 

for assisting modeling and interpretation of groundwater aquifers in volcanic rock complexes; 

as an effort to develop groundwater-based irrigation programs. 
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Magnetic anomaly data have disadvantages such as complexity when carrying out 

qualitative interpretations caused by the dipole nature of the magnetic field. The dipole nature 

of the magnetic field means that magnetic anomaly contours have many interpretations, making 

data interpretation difficult, especially for research areas located in low magnetic latitude areas 

such as Indonesia. Therefore, further processing of magnetic anomaly data is needed to reduce 

the dipole effect on magnetic anomaly data, thereby simplifying the process of modeling and 

interpreting magnetic anomaly data. One method which can be used for this aim is Reduction 

to The Pole (RTP) method for magnetic anomaly data [18]. The RTP filter is needed to eliminate 

the influence of the inclination angle of the Earth's magnetic field, because the inclination vector 

of the induction magnetic field and the external magnetic field has produced a dipole pattern 

on the magnetic data. Magnetic anomalies data that have been reduced to the poles can have 

high or low values, according to the magnetic material distribution burried in the subsurface 

[19]. Magnetic anomalies which are reduced to the poles provide information about the 

existence of the subsurface anomalous objects [20], as shown in Figure 2. The RTP function is 

affected by the value of the inclination and declination angles based on equation [21]: 

𝐴𝑝𝑜𝑙𝑒(𝑠, 𝜃) =
1

(𝑗 𝑐𝑜𝑠 𝐼 𝑠𝑖𝑛(𝛿 + 𝜃) − 𝛾)(𝑗 𝑐𝑜𝑠 𝐼0 𝑠𝑖𝑛(𝛿0 + 𝜃) − 𝛾0)
 (1) 

δ0 is the angle of declination and I0 is the angle of inclination of the magnetization vector, 

while δ is the angle of declination and I is the angle of inclination of the Earth's magnetic field 

vector. 

Although the magnetic anomaly contour map that has been reduced to the pole is relatively 

clearer in showing the location of the target anomalous source in the subsurface, but to clarify 

the boundaries of the lithological contact of the anomalous source, it is necessary to conduct a 

First Horizontal Derivative (FHD) analysis of the local magnetic anomaly data. The maximum 

value of horizontal gradient (steepest curve) of the magnetic anomaly data that has been reduced 

to the pole that originates from an anomalous object in the subsurface will tend to be located at 

the boundary or edge of the subsurface object. Hence, the maximum horizontal gradient will be 

localized directly at the edge of the object as shown in Figure 2. The working principle of the 

maximum horizontal gradient is to localize the steepest change in the magnetization of an object 

in the lateral direction based on the magnetic anomaly data reduced to the pole. First horizontal 

derivative or gradient tends to occupy narrow ridges above sudden changes in magnetization or 

density. The horizontal gradient value of the magnetic anomaly data that has been reduced to 

the pole can be expressed as follows [21]: 

ℎ(𝑥, 𝑦)  =  [(
𝜕𝐻𝑧(𝑥, 𝑦)

𝜕𝑥
)

2

+ (
𝜕𝐻𝑧(𝑥, 𝑦)

𝜕𝑦
)

2

] (2) 

where 𝜕𝐻𝑧 is the magnetic anomaly data that has been reduced to the poles [21]. 

http://jos.unsoed.ac.id/index.php/eprocicma
https://portal.issn.org/resource/ISSN/2808-2702


Proceeding ICMA-SURE- 2024 
The 7th International Conference on Multidisciplinary Approaches for Sustainable Rural Development  
26-27 September 2024 

ISSN : 2808-2702 

 
507 

 

Figure 2. Illustration of the reduction process to the poles of the total magnetic anomalies data and the 

results of calculating their horizontal gradients [21]. 

B. Methods 

1. Location and Time 

The location for magnetic field data acquisition is the Southeastern Slopes of the Slamet 

Volcano which is the recharge area of the Purwokerto-Purbalingga Groundwater Basin. The 

area is located in Karangcegak Village, Kutasari District, Purbalingga Regency, Central Java, 

Indonesia with an area of approximately 1.5 km x 1.5 km as shown in Figure 3. Meanwhile, 

magnetic data processing and interpretation are carried out at the Electronics, Instrumentation, 

and Geophysics Laboratory, Faculty of Mathematics and Natural Sciences, Jenderal Soedirman 

University. The research was carried out for six months, i.e. March – August 2024. 

 

Figure 3. The research area location map; Situ Tirta Marta, Karangcegak Village, Kutasari District, 

Purbalingga Regency, Indonesia. 

2. Research Equipments 

The research equipment used in the field is Proton Precession Magnetometers (PPM) model 

GSM-19T produced by GEM with a sensitivity of 0.05 nT which is used for total magnetic field 

data acquisition at survey points in the field. Other research equipment is the Global Positioning 

System (GPS) produced by Garmin's GPS-V Mapping to map magnetic data points and a 

compass to direct the PPM sensor towards the north of the Earth's magnetic field. Meanwhile, 

the equipment used in the laboratory is a geological map, laptop, Google Earth and Surfer 

application, as well as several other software and application programs to support the processing 

of magnetic anomaly data [9]. 
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3. Research Procedure 

The data obtained from the acquisition in the field is the total magnetic field intensity data 

which are distributed on the topographic surface. In order to obtain total magnetic anomalies 

data, the data are corrected, including diurnal and IGRF corrections. The IGRF value refers to 

the value of the Earth's main magnetic field strength [22]. After applying the all corrections, 

total magnetic anomalies data are obtained. These data are spread on the topographical surface, 

that are function of longitude (x), latitude (y), and altitude (h). Therefore the magnetic anomalies 

data must be reduded to horizontal surface; in this research using the Taylor series approach 

[21], which can be written as equation: 

𝛥𝐻(𝑥, 𝑦, ℎ0)
[𝑖+1]  =  𝛥𝐻(𝑥, 𝑦, ℎ) −∑

(ℎ − ℎ0)
𝑛

𝑛!

∞

𝑛=0

𝜕𝑛

𝜕𝑧𝑛
𝛥𝐻(𝑥, 𝑦, ℎ0)

[𝑖] (3) 

where H(x,y,h) is anomalies data that are still spread on the topographic surface, 

H(x,y,h0) is anomalies data that have been distributed on a horizontal surface, h is the altitude 

of each data, and h0 is the average topography elevation. After the magnetic anomalies data are 

distributed on a horizontal surface (through an iterative process in the equation above), these 

data are separated from the regional magnetic anomalies data, so the local magnetic anomalies 

data can be obtained with the equation [23]: 

𝛥𝐻(𝑥, 𝑦, ℎ0)𝐿𝑜𝑐𝑎𝑙  =  𝛥𝐻(𝑥, 𝑦, ℎ0) −  𝛥𝐻(𝑥′, 𝑦′, ℎ0 + 𝛥ℎ) (4) 

H(x′,y′,h0+h) are regional magnetic anomalies data, which are obtained through an 

upward continuation process using the equation [21]: 

𝛥𝐻(𝑥′, 𝑦′, ℎ0 + 𝛥ℎ)  = 
𝛥ℎ

2𝜋
∫ ∫

𝛥𝐵(𝑥, 𝑦, ℎ0)

√((𝑥′ − 𝑥)2 + (𝑦′ − 𝑦)2 + 𝛥ℎ2)3/2

∞

−∞

∞

−∞

𝑑𝑥𝑑𝑦 (5) 

In Equation (4), the first term on the right side represents the total magnetic anomalies data 

on a horizontal surface (h0), whereas the second term represents the regional magnetic 

anomalies data resulting from upward continuation at elevation of h. Furthermore, the local 

magnetic anomalies data obtained represent local geological conditions or subsurface rocks 

[23]. Local magnetic anomalies data are then reduced to the pole and analyzed for horizontal 

gradients. Based on the analysis results of horizontal gradient contour map, many local faults 

(including fractures in volcanic rocks) can be easily estimated in their distribution on the 

surface. 

C. Results And Discussion 

1. Results of Processing Data 

The magnetic field data obtained in the field is the total magnetic field intensity data spread 

over the topographical surface of the study area. After diurnal and IGRF corrections were 

applied, the total magnetic anomalies data are obtained with values ranging from -1214.20 – 

970.25 nT. As explained in Research Method, the anomalies data are reduced to a horizontal 

surface using the Taylor series. The surface chosen is the average elevation of the research area 

(i.e. 267.74 m), so that the iteration process in Equation (3) quickly reaches convergence [21]. 

The total magnetic anomalies data which have been spread on a horizontal surface, are then 

separated from regional anomalies data [24]. The separation has been carried out using the 

upward continuation technique as shown in Equation (5). The upward continuation result which 

shows a regional anomalous pattern is obtained at an altitude of 2000 m above the reference 

spheroid. The resulting contour map pattern tends to be fixed and smooth with very small value 

intervals [9], with values ranging from 193.805 – 194.440 nT. Furthermore, the regional 
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anomalies data were corrected using Equation (4), so that the local magnetic anomalies data are 

obtained with a value range of -1408.16 – 775.95 nT. The total, regional, and local magnetic 

anomalies contour maps are shown in Figure 4. 

Based on Figure 4, the research area is dominated by positive anomalies closures in the 

north and negative anomalies in the south. The two closures are paired in the center of the 

research area, i.e. around the Situ Tirta Marta area. In general, the closure of the total magnetic 

anomaly contour map is similar to the local magnetic anomaly contour map. This fact indicates 

that the influence of local magnetic anomalous sources in the research area is relatively more 

dominant than regional anomalous sources [25]. The sources of local magnetic anomalies are 

thought to originate from subsurface rock structures dominated by andesite lava rock which has 

many cracks and fractures, so that it is easily filled by groundwater [26]. The lava deposits 

spread from the top of Slamet volcano to the research area which is located on the southeast 

slope. The existence of cracks or fractures in the rocks is thought to be caused by the release of 

volcanic gases from the liquid lava after reaching the topographical surface. As magma rises to 

the surface, the pressure on it decreases. When this happens gasses which dissolved in the 

magma are able to come out of solution, forming gas bubbles (cavities) inside it [26]. The 

volcanic rocks magnetization with lots of cavities and fractures will tend to be small. This is 

reflected in the negative value of the local magnetic anomaly [9]. 

 

Figure 4. The (a) total, (b) regional, and (c) local magnetic anomalies contour maps of research area; 

Situ Tirta Marta Complex, Kutasari District, Purbalingga Regency. 
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2. Results of Reduction to the Poles and Analysis to Horizontal Gradient 

Local magnetic anomaly contours generally have complicated closure patterns. Changes in 

anomaly shape, reduction in overall amplitude, and changes in contour texture make geological 

interpretation of magnetic data in low latitude area difficult [27]. One solution is to apply 

reduction to the poles. The reduction to the poles is carried out to change the magnetization 

direction of the Earths main magnetic field that was originally influenced by the declination 

and inclination angles to be directed vertically like at the north pole. Hence, this process is 

conducted by changing the inclination of -31.1805° and declination of 0.5839° to 90° and 0° as 

Equation (1). The reduction to the pole changes the magnetic field asymmetry pattern to a 

symmetrical pattern. This symmetry pattern can be used as an indication of the presence of 

bodies or anomaly sources, such as gravity field anomaly data. Therefore, the position of the 

anomaly sources can be estimated to be right under the curve peak or the anomalous closures 

center as shown in Figure 1. This filter makes it possible to correlate the magnetic anomalies 

with other types of geophysical anomalies and geological information, as well as aids their 

interpretation. Then, the local magnetic anomalies data reduced to the pole have values ranging 

from -2022.49 – 1522.89 nT, where the values are relatively larger after being reduced to the 

pole. 

The local magnetic anomalous contour map better reflects the spatial distribution of 

shallow subsurface magnetic anomalous sources, but often the position of the anomalous source 

does not match the closure on the contour map, making it difficult to identify the geological 

structure of the research area [27]. Filtering techniques are often used to adjust the position of 

the anomalous source to match the anomaly closure shown on the contour map, where in this 

research the reduction to the pole technique has been used for this purpose. Apart from that, 

filtering is also used to enhance certain features, such as the edges of anomaly source objects, 

where in this study the First Horizontal Derivative (FHD) filtering technique has been applied. 

This filtering technique and its equations have been explained and written in the Introduction 

section. When this filter is applied in a two-dimensional (2D) interpretation, this horizontal 

gradient tends to occupy a narrow ridge above a sudden change in magnetization [21]. This can 

be utilized to localize the lithological boundaries of anomalous objects to surrounding objects 

or rocks by looking at sudden changes in the object's magnetization in the lateral direction. The 

local magnetic anomaly contour map which has been reduced to the poles and the results of 

horizontal gradient calculations on the anomalies data are shown in Figure 5. 

 

Figure 5. The contour map of local magnetic anomalies reduced to the poles (left) and the results of 

calculating their horizontal gradients (right). 
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3. Analysis and Discussion 

Regionally, Situ Tirta Marta is located in the southeastern part of the Lower Slopes of the 

Slamet Volcano which is Quaternary in age. The morphology of the research area forms 

undulated plains [28]. One of the controlling factors for the emergence of springs at Situ Tirta 

Marta is the slope of the land. The pool's water source comes from shallow groundwater that 

flows through volcanic rock fractures from a higher recharge area. Situ Tirta Marta, which is 

located on a relatively lower slope, will be the destination for groundwater entering from the 

surrounding area which is more higher. The Situ Tirta Marta complex is shaped like a basin 

surrounded by small hills. The lithology of the research area consists of volcanic rocks that can 

be divided into massive lava with many fractures and vesicular lava with many cavities. The 

lithological conditions allow groundwater to flow from the recharge area on the upper slopes 

through cracks and cavities. Apart from that, the geological conditions of Situ Tirta Marta, 

which is located on the border between the Slamet Volcanic Lava Formation and the Laharic 

Deposits also support the emergence of water that crosses the boundary between the layers of 

the rock formation [26]. 

Field observations by Iswahyudi et.al., [26] showed that groundwater from the Situ Tirta 

Marta spring came out of a rock crack at the foot of the hills extending relatively north-south. 

The spring came out along the foot of the hill with a length of about 200 m. In addition, there 

are several spring points that form a straightness. The existence of several springs is estimated 

to come from the geological structure, in the form of cracks or fractures around the location. 

This geological structure is a weak zone that allows groundwater from the subsurface to reach 

the surface or near the surface. The existence of a geological structure is also indicated by the 

large discharge of water coming out of the Situ Tirta Marta spring. Fractured rocks present 

complex and heterogeneous hydrogeological environments with irregular distribution of 

groundwater flow pathways. This is in accordance with the information seen on the FHD 

contour map, where there are several peaks of horizontal gradient of the RTP local magnetic 

anomalies data that trend relatively north-south as shown in Figure 6. The position of the 

maximum horizontal gradient marked with red lines can be interpreted as cracks or fractures in 

or between volcanic rocks containing groundwater with the flow direction as show by the 

arrows [29,30]. Volcanic aquifers can be developed into potential groundwater sources for 

urban and rural areas. 

 

Figure 6. FHD contour map with distribution of lines showing the location of maximum horizontal 

gradients interpreted as cracks within or between volcanic rocks. 
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Analysis of several maximum horizontal gradients of the RTP local magnetic anomalies 

data was carried out along the AB and CD trajectories. Each peak indicates the presence of 

fractures or cracks within or between volcanic rocks. High maximum horizontal gradient values 

indicate wide or near-surface fractures, and vice versa [30]. The many fractures in volcanic 

rocks in the research area will be a path for groundwater to flow from the recharge area on the 

Upper Slopes of the Slamet Volcano to the discharge area in the Purwokerto-Purbalingga 

Groundwater Basin area. The amount of groundwater flow in the fractured rocks is controlled 

by some factors, such as: the size and depth of the fracture opening, the distance of the fracture, 

the interconnection of the fractures, and the amount of rainwater entering the cracks of the rocks 

and soil in the recharge area. In the recharge areas, generally water supply occurs through 

surface water infiltration from rainfall, which then enters rivers, wetlands, and open spaces [31]. 

Figure 6 above indicates groundwater flow through fractured rocks in a volcanic environment 

with a North-South orientation. These fracture paths are estimated to occur in subsurface rocks 

which connect to the Situ Tirta Marta area. Generally hard rock environments (including 

volcanic rocks) consist of three rock layers, i.e. weathering at the top, fractures in the middle, 

and massive in the inside [32]. According to information from the community, Situ Tirta Marta 

has seven springs with large discharges [33]. In fact, the volume of groundwater entering Situ 

Tirta Marta is very large and clean [26], so this area has developed into a geo-tourism area. 

Apart from being a tourist location, Situ Tirta Marta has also been utilized by the Regional 

Drinking Water Company in Purbalingga Regency to meet the freshwater needs of the 

surrounding community. However, with the abundance of freshwater in this area, efforts to 

develop sustainable groundwater-based irrigation need to be followed up. 

D. Conclusion 

Utilization of magnetic anomaly data to localize groundwater fractures has been carried 

out in the volcanic rock complexes of the Situ Tirta Marta area Karangcegak Village, Kutasari 

District, Purbalingga Regency, Central Java, Indonesia. The research area is located in the 

southeastern part of the Slamet Volcano Slopes. Total magnetic intensity data was obtained 

through data acquisition in the field using a Proton Precession Magnetometer. The data is spread 

regularly over a spatial distance of around 100 m at 256 location points on the topographic 

surface. Total magnetic field intensity data processing has been carried out through several 

stages of correction and reduction, resulting in the local magnetic anomalies data with values 

ranging from -1408.16 - 775.95 nT. In order to localize the anomalous sources, the local 

magnetic anomalies data were reduced to the pole to obtain values ranging from -2022.48 – 

1522.89 nT. The results of the First Horizontal Derivative (FHD) analysis of local magnetic 

anomalies data that have been reduced to the pole show several maximum horizontal gradient 

patterns. These patterns are interpreted as lithological contact boundaries in the form of cracks 

and fractures within or between volcanic rock complexes. The fractures in this volcanic rock 

complexes are estimated to be filled by groundwater flowing in a relatively north-south 

direction, extending from the recharge area on the upper slopes of Mount Slamet to the 

discharge area from the Purwokerto-Purbalingga Groundwater Basin. 
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