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ABSTRACT 

Analysis of power spectrum of the satellite gravity anomalies data has been carried out to estimate the thickness of 

sediment deposits in the Purwokerto-Purbalingga Groundwater Basin. Power spectrum analysis uses the Fourier 

transform principle by converting data from the space domain to the frequency domain. Spectrum analysis has been 

done on all trajectories placed on the gravity anomaly map which has been corrected and transformed on the horizontal 

surface. The gradient of the gravity anomalies data spectrum graph is proportional to the depth of the anomaly source 

boundary plane. The calculation results show that the average depth of the boundary plane of the local anomaly source 

for each trajectory is 470.89 m. This depth is calculated from the topographic surface, so that this value indicates the 

thickness of sediment deposits in the Purwokerto-Purbalingga Groundwater Basin. 

Keywords: power spectrum, satellite gravity anomalies data, sediment deposits, Purwokerto-Purbalingga 

Groundwater Basin. 

1. INTRODUCTION 

Gravity survey is one of the geophysical exploration 

methods. This method can be categorized as a passive 

method, because to measure physical quantities on the 

Earth's surface, it does not inject electromagnetic fields 

or currents into the Earth. The principle of this method is 

to measure the difference in the gravitational field value 

on the Earth's surface, which is then mapped its 

distribution in the form of a gravity anomaly contour 

map. Earth's gravitational field on the surface is not 

homogeneous, but its value changes due to differences in 

rock density, especially the rocks which make up the 

Earth's crust [1]. In addition, variations in the gravity 

field are also influenced by geological structures in the 

subsurface, including topographic conditions or uneven 

Earth surface relief. All geological conditions in the 

subsurface affect the measured gravitational field value. 

Hence, the gravity method can be used to detect rocks or 

geological structures in the subsurface based on the 

variations in gravitational field. Generally, the final 

results of gravity surveys are presented in the form of 

two-dimensional (2D) or three-dimensional (3D) models 

of subsurface anomalous sources. In the exploration field, 

this method has been widely used to identify the 

accumulation of certain minerals or mining materials. 

While for disaster mitigation, the gravity method can be 

applied to detect geological structures such as faults or 

folds [2], basement rock [3], igneous rock intrusion [4], 

magma chamber [5], and groundwater basin [6]. 

Gravity method which is based on the gravimetric 

satellites have long been developed. The data obtained 

are free-air gravity anomalies data which is equipped 

with the geographical position data of location points on 

the Earth's surface. The satellite gravity anomalies data 

are not only accessed by countries that own the satellites 

but can also be accessed by countries that do not have 

them, such as Indonesia and other countries. Therefore 

the anomalies data obtained can be used as supporting 

data for various researches in Geophysics field, which 

include research for disaster mitigation. The anomalies 

data obtained can be mapped, so that a global gravity 

anomaly contour map on the Earth's surface can be 

obtained [7]. Various natural mineral deposits such as 

coal, bauxite, zinc, and several other metals which are 

difficult to detect using other geophysical methods due to 

extraordinary natural constraints, can be detected 
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globally using the satellite gravity methods. Another 

consideration of using satellite gravity anomaly data as 

supporting data for research is the lower cost. Data 

acquisition directly in the field can cost tens to hundreds 

of millions of rupiah. Satellite gravity anomalies data are 

also relatively well used for modeling geological 

structures and subsurface rocks in the research area [8]. 

There have been many uses of satellite gravity 

anomalies data. Satellite gravity anomalies data have 

been utilized to model hydrocarbon basins in the Timor 

Island and its surroundings [9]. The gravity anomalies 

data have also been used to model the geothermal 

reservoir in the Slamet Volcano area of Central Java [10] 

and the Bur Ni Geureudong, Aceh [11]. Gravity 

anomalies data obtained from the satellites are gravity 

anomalies data which have been corrected up to free-air 

correction, so that generally all researchers only make 

bougeur and terrain corrections to obtain the Complete 

Bougeur Anomaly (CBA) data [12]. The CBA data are 

the total gravity anomalies data which represents the 

complete subsurface geological structure, both local and 

regional. In this study, the CBA data will be applied to 

estimate the depth boundaries of the local and regional 

anomalies sources below the Purwokerto-Purbalingga 

Groundwater Basin. This groundwater basin is the largest 

groundwater basin in western Central Java and almost no 

geophysical research has been conducted. The local 

structure of this basin is estimated to be in the form of 

alluvial deposits composed of gravel, sand, silt, and clay 

which fill the basin [13]. While, the regional structure is 

estimated to be composed of tertiary rocks which are the 

basement rocks of the groundwater basin [13]. The depth 

boundaries between the local and the regional sources 

can be identified using the spectrum analysis [14]. 

Power spectrum analysis is a technique commonly 

utilized to estimate the depth boundary of subsurface 

anomalous sources. Power spectrum analysis uses the 

Fourier transform principle by converting data from the 

space domain to the frequency domain. The gradient of 

the gravity anomaly data spectrum graph is proportional 

to the depth of the anomaly source plane; where the 

gradient which has a large value represents a regional 

anomaly, whereas a gradient which has a small value 

represents a local or residual anomaly [15]. In order to 

obtain the thickness of the sediment deposits in the 

Purwokerto-Purbalingga Groundwater Basin which is 

assumed to be the local anomalies sources, so power 

spectrum analysis can be applied to gravity anomalies 

data. Information about the depth of the sediment deposit 

obtained from spectrum analysis will show the thickness 

value. This thickness of the sediment deposits can be 

used to estimate the groundwater potential in the 

Purwokerto-Purbalingga Groundwater Basin, because 

generally the aquifer layers are contained in sedimentary 

deposits, so the thickness of the sediment deposits can 

indicate the potential for groundwater contained in it. 

Hence this information can be used as supporting data for 

drought disaster mitigation which sometimes occur in 

Banyumas and Purbalingga Regencies. 

1.1. Basic Theory 

The gravity method in geophysical surveys is based 

on Newton's law of attraction between two masses where 

the magnitude of the force between two masses m1 and 

m2 separated by a distance r can be writen [16]: 

1 2

2
( )

m m
F r G r

r
= −  (1) 

where F is the force (newton), r is the distance between 

two masses of objects (meters), m1 and m2 are the masses 

of each object (kg), and G is the universal gravitational 

constant (6.67  10-11 Nm2/kg2). The force per unit mass 

of a particle m1 at a distance r from m2 is called the 

gravitational field of the particle m1, which can be 

expressed as [16]: 
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Since the gravity field is conservative, it can be written 

as the gradient of a scalar potential function ( )U r , so 

that the above equation can be written as [16]: 

( ) ( )E r U r= −  (3) 

where 1( )
m

U r G
r

=−  is the gravitational potential of 

mass m1. 

The gravitational potential at a point in space is a 

summation, so that the gravitational potential of a 

continuous mass distribution at a point outside the mass 

distribution can be solved using integrals. If the 

continuous mass has a density  inside the volume V, then 

the potential at a point P outside the volume V as shown 

in Figure 1, can be expressed as [16]: 
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Figure 1 The gravitational potential at point P on the 

earth's surface due to the continuous distribution of 

mass in the subsurface [16]. 
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If the volume integral is taken for the entire volume 

of the earth, then the gravitational potential at the earth's 

surface can be obtained. While the gravitational field can 

be obtained by differentiating the gravitational potential 

so that the equation [16]: 

( ) ( )PE r U r= −  (5) 

The value of the Earth's gravitational field is often 

referred to as the gravitational acceleration and is given 

the symbol g. Based on equation (5), the value of the 

earth's gravitational field can be expressed by the 

equation [16]: 

( ) ( ) ( )Pg r E r U r= − =   (6) 

Equation (6) can be described more completely into 

equation (7): 
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Based on this equation (8), the value of the 

gravitational field on the earth's surface varies. The value 

of the earth's gravitational field is influenced by the 

position of latitude, longitude, altitude, and the 

distribution of mass in the subsurface, that is a function 

of the density of the subsurface body mass and the shape 

of the earth as shown by integral boundaries. The rocks 

with various densities will affect the earth's gravitational 

field on the surface. Variations in the gravitational field 

on the earth's surface can also be affected by subsurface 

geological structures, including topographic or uneven 

relief of the earth's surface. In a gravity survey, the value 

of the gravitational field or gravitational acceleration as a 

result of the measurement is given in gal units, where 1 

gal = 10-5 m/s2. However, the gravity field anomalies data 

measured in the field are generally very small, in the 

milligal range. 

1.2. Spectrum Analysis 

Spectrum analysis is a method used to estimate the 

depth of regional and residual anomalous sources based 

on the CBA anomalies data that has been distributed on a 

horizontal surface. In order to estimate the depth of the 

anomalous source, the Fourier transform process can be 

carried out. Spectrum analysis utilizes the Fourier 

transformation to convert the anomaly amplitude from 

the spatial domain into the wavenumber or frequency 

domain. The purpose of the conversion is to obtain 

continuous data. The form of the Fourier transform can 

be expressed by the equation [17]: 

( ) ( ) ikxF k f x e dx


−

−
=   (9) 

F(k) is frequency domain signal, f(x) is time domain 

signal, while k is a wave number whose value can be 

determined by using the equation [17]: 

2
2k f





= =  (10) 

Equation (9) is a Fourier transformation on a complex 

function, which consists of real and imaginary numbers, 

such as Equation (7) [17]: 

( ) ( ) ( ) ( )  ( ) 
1

2 2 2
Re Im Re ImF k F k F k F k F k A = + = + =

 

 (11) 

where A is the amplitude value. 

If the anomaly data is random and has no relationship, 

then the result of the Fourier transform of the anomalies 

data becomes [17]: 
( )0 'k z z

A Ce
−

=  (12) 

where A is the amplitude and C is a constant. If Equation 

(7) is logarithmized, it will get a relationship between the 

amplitude (A) and wave number (k) and depth (z0 – z′), so 

that it will give the result of a straight line equation as 

shown in Equation (13). Estimated depth for each type of 

anomalies data can be done by performing linear 

regression in each zone [17] as shown in Figure 2. Based 

on Equation (13), we can make a comparison pattern of 

the results of the Fourier transform between ln A and k to 

classify the depth boundaries of regional and residual 

anomalies. 

 

Figure 2 Linear regression procedure for spectrum 

analysis to estimate the maximum depth of regional and 

residual anomalous sources. 

The depth limit of the anomalous sources can be 

estimated through the gradient value of the linear 

equation for each zone. The depth limit of the residual 

zone marked with the green line in Figure 1 is assumed 

to be the depth of sediment (alluvial deposit) in the 

groundwater basin that is the target of this research. The 

depth and thickness of alluvial deposits in the basin 

indicate the potential for freshwater contained in it. 

2. EXPERIMENTAL METHODS 

This research has been done in April – July 2021 at 

Geophysics Laboratory, Jenderal Soedirman University 

Purwokerto, Indonesia. The gravity anomalies data and 

the geographic positions data have been accessed from 

website: http://topex.ucsd.edu/cgi-bin/get_data.cgi, that 
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is provided by the Scripps Institution of Oceanography 

University of California San Diego, USA [18]. Gravity 

anomalies data and geographical position data acquired 

have been gridded regularly in the ASCII – XYZ format 

according to the geographic position boundaries entered. 

The spatial resolution for latitude and longitude is 1.0 

minute per grid, meanwhile the accuracy of the gravity 

anomalies data is 0.1 mGal and the elevation data is 1 m 

[19]. The distribution of data points in the field is shown 

in Figure 3. 

 

Figure 3 Research location; Purwokerto-Purbalingga 

Groundwater Basin, and distribution of data points in the 

field. 

2.1. Equipment and Material 

Several equipment used in this research consists of a 

laptop connected to the internet to access satellite gravity 

anomalies data equipped with the geographic position 

data, the Google Earth to obtain the boundaries of the 

research area, and the geological map as a guide for 

modeling and lithological interpretation. Meanwhile 

several of the software used consists of Microsoft Excel 

for Bouguer correction and power spectrum analysis of 

anomalies data, Gravity 900 for topographic correction, 

Fortran 77 for processing gravity anomalies data such as 

reduction to horizontal surface and upward continuation, 

and Surfer for depicting gravity anomaly contour map. 

2.2. Procedure of Research 

Satellite gravity anomalies data obtained are free-air 

gravity anomalies data. These data do not require free-air 

correction because the data acquisition is carried out at 

the same elevation datum. The latitude correction is also 

not needed, because the satellites have calculated the 

gravity values effect on differences in latitude positions. 

In addition, with the distance from the mass center of the 

earth to the orbital trajectory of the satellite, the 

difference in the acceleration value due to gravity caused 

by the difference in latitude does not have much effect. 

Several convensional corrections commonly applied for 

measurements of ground gravity such as equipment 

height correction and drift correction are also not 

required [12]. Hence, the data corrections made to the 

free-air satellite gravity anomalies data (gFA) to get the 

Complete Bouguer Anomaly (CBA) data are only 

bougeur correction (BC) and topographic correction 

(TC), as shown in Equation (13) [12]: 

TCBCgCBA FA −−=  (13) 

The CBA data are still spread on the topographic that 

are a function of geographical position of longitude, 

latitude, and altitude, so that it can be expressed as 

g(,,h). Reduction of anomalies data to a horizontal 

surface must be conducted, because in the next data 

processing, the data must be distributed at a horizontal 

surface [17]. One method that can be applied to reduce 

anomalies data to a horizontal surface is the Taylor series 

approximation which can be stated as Equation (15). The 

basic principle of the Taylor series is to use a derivative 

function at a point to extrapolate the function around that 

point. Therefore, this method can be utilized to estimate 

the potential field value (i.e. gravity and magnetic fields) 

at points outside the observation field. Equation (15) is 

stated in the form of iteration; where g(,,h0) are CBA 

data that are spread on a horizontal surface. The data can 

be estimated through an approach; i.e. g(,,h0) data 

obtained from i-th iteration are used to obtaine g(,,h0) 

values in the (i+1)-th iteration. The iteration is carried out 

sufficiently to reach a convergent value. For the initial 

guess values before iteration, so that g(,,h0) values on 

the right of Equation (15) can be filled by g(,,h) 

which are the CBA data that are distributed on the 

topographic [17]. 
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Gravity anomalies data obtained from Equation (13) 

is CBA data originating from the local and regional 

anomalous sources in the subsurface of the research area. 

In order to estimate the depth of the regional and residual 

anomalous sources, power spectrum analysis can be 

applied using Equation (13) [15]. Technically, spectrum 

analysis of gravity anomalies data can be done along all 

trajectories placed on the CBA contour map which has 

been distributed on the horizontal surface. Based on the 

results of spectrum analysis, the sediment thickness can 

be predicted. The sediment thickness can be assumed to 

be the thickness of alluvial deposits which fill the 

groundwater basin. All hydrological processes such as 

recharge, drainage, and discharge of groundwater occur 

in the alluvial deposits. Hence the sediment thickness 

value can indicate the groundwater potential in the basin. 

3. RESULTS AND DISCUSSION 

Free-air corrected satellite gravity anomalies data 

have been successfully accessed and extracted from: 

http://topex.ucsd.edu/cgi-bin/get_data.cgi provided by 

the Scripps Institution of Oceanography, University of 

California San Diego USA [18]. The data have been 
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equipped by longitude, latitude, and altitude data. The 

number of data which has been successfully accessed is 

814 data distributed over the position of 109.0083 – 

109.6083 E and 7.2554 – 7.6026 S, with anomalies 

values ranging of 53.40 – 300.40 mGal. Meanwhile the 

topographical elevation of the research area has a value 

ranging of 7 – 2495 m. The topographic contour of the 

research area can be seen in Figure 4, while the free-air 

satellite gravity anomaly contour is shown in Figure 5. 

Geologically, the Purwokerto-Purbalingga Groundwater 

Basin is occupied a depression zone between the North 

Serayu and South Serayu Mountains [13]. This basin also 

stretches from Banyumas Regency in the western to 

Banjarnegara Regency in the east. The lowest elevation 

of the groundwater basin area is 27.22 m at the position 

of 109.34163 E and 7.45635 S. Meanwhile the lowest 

free-air gravity anomaly value is 53.20 mGal at the 

position of 109.41436 E and 7.34674 S. Both of the 

contour maps indicate a slightly different center location 

of the Purwokerto-Purbalingga Groundwater Basin. The 

topographic map and the free-air gravity anomaly map 

have similar patterns, due to the very large influence of 

topographic mass on free-air gravity anomalies data.  

 

Figure 4 The topographic contour map of the research 

area; Purwokerto-Purbalingga Groundwater Basin area. 

 

Figure 5 The free-air satellite gravity anomaly contour 

map of the research area. 

3.1. Gravity Anomaly Data Processing 

The free-air gravity anomalies data were corrected by 

bouguer and topographic corrections to get complete 

bouguer anomaly (CBA) data. Bouguer correction is 

done to reduce the rock masses effect in the earth's crust 

between the spheroid surface and the data point at the 

topographic surface [20]. Meanwhile terrain correction is 

done to reduce the topographic masses effects on the 

earth's surface which are relatively rough with large 

differences in elevation, such as mountains, ravines, hills, 

and valleys around the measurement point [20]. After 

both corrections were applied, then the Complete 

Bouguer Anomalies data (CBA) was obtained with 

values of 49.66 – 152.65 mGal. The CBA contour map of 

the research area is shown in Figure 6. Based on the 

contour map, the groundwater basin is interpreted to be 

located in the low anomaly zone (closure in purple). It is 

because in general alluvial deposits that fill the basin 

have low gravity anomaly values [21]. 

 

Figure 6 The CBA contour map of the research area 

which are distributed on the topographic surface. 

The CBA data are still spread over the topographic 

that are a function of geographical position (longitude, 

latitude, altitude), so that the anomalies data must be 

reduced to a horizontal surface according to Equation 

(13) [17]. It is because the anomalies data can not be 

processed at the next stage if the data are not spread on a 

horizontal surface. According to Cordell and Grauch's 

suggestion [17], the horizontal surface was chosen at an 

average height of the topographic, i.e. 269.00 m above 

the reference spheroid surface, so that the convergence of 

Equation (13) can take place quickly. The CBA map 

which has been spread on a horizontal surface is shown 

in Figure 7. Based on the anomaly data range, The CBA 

data which have been spread on the horizontal surface 

show more convergent than the data which are still 

distributed on the topographic, with values ranging of 

49.78 – 152.50 mGal. 

3.2. Power Spectrum Analysis 

Spectrum analysis is applied to CBA data that have 

been spread on a horizontal surface, because the CBA 

data are combination of anomalies data originating from 

regional and local sources. The gravity anomalies data to 

be spectrum analyzed, extracted from the CBA map 

along the trajectories placed above it. The placement of 

the trajectories is adjusted to the Geological Map of the 

research area, especially the Purwokerto-Purbalingga 

Groundwater Basin area, as can be seen in Figure 7. The 

calculation of the spectrum analysis have been done 
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based on Equation (15) using the Microsoft Excel. The 

analysis results are in the form of a graph to obtain the 

information on the maximum depth of the residual and 

regional anomalies sources based on some graphs slopes 

values. The calculation results of the spectrum analysis 

of anomalies data are shown in Figures 8 to Figure 13. 

The linear gradient taken at the residual zone points 

shows the maximum depth for the local anomaly sources, 

with the results are shown in Table 1. As it is known that 

the CBA contour map is distributed at an average 

topographic height (269.00 m), then the depth obtained 

from the spectrum analysis for each trajectory must be 

corrected by that value. The thickness of the sediment 

deposits is obtained by adding the corrected depth to the 

topographic height of each trajectory. 

 

Figure 7 The CBA contour map of the research area that 

are distributed on the horizontal surface i.e. average 

topographic height of the research area, and the position 

of the data trajectories for power spectrum analysis.  

Power spectrum analysis has been carried out using 

the Fourier transform on anomalies data along a 

predetermined tajectories. A low wavenumber (K) value 

shows that the frequency (f) value is also low. The low 

frequency signal indicates that the subsurface rock type 

is relatively homogeneous, which is a characteristic of 

regional gravity anomaly sources [22]. Otherwise a high 

wavenumber value (K) indicates a high frequency value 

(f). Generally, high frequency signals come from the 

shallow and local anomalous sources. The shallow and 

local structures are generally not homogeneous, but have 

relatively varied densities [22]. Hence, the graph between 

wavenumber (K) and Ln A that produces these two 

gradients can be interpreted as the maximum depth of the 

regional anomaly sources for the larger gradient, and the 

maximum depth of the local anomalous sources for the 

smaller gradient, as described in Equation (12) [17]. 

Qualitatively, the local anomaly sources can be 

interpreted as sedimentary deposits trapped in the basin. 

In Figure 7, the sedimentary deposits are characterized by 

low anomalies values (closure in purple). Based on the 

Geological Map for Purwokerto-Tegal Sheet, these 

sedimentary deposits are estimated to originate from the 

alluvium formation; that is the material for groundwater 

aquifers [13].  

 

Figure 8. The result of power spectrum analysis of the 

CBA data on trajectory A which have been spread on a 

horizontal surface. 

 

Figure 9. The result of power spectrum analysis of the 

CBA data on trajectory B which have been spread on a 

horizontal surface. 

 

Figure 10. The result of power spectrum analysis of the 

CBA data on trajectory C which have been spread on a 

horizontal surface. 

The calculation results as seen in Table 1 show that 

the average thickness of sedimentary deposits in the 

Purwokerto-Purbalingga Groundwater Basin is about 

470.89 m. According to the geological information the 

deposits are estimated to be composed of sand, silt, clay, 

and gravel [13] with a high groundwater content. This 

basin occupies the central of Central Java and is known 

as the Serayu Valley. This valley separates the North 

Serayu Mountains and South Serayu Mountains. The 
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Serayu Valley extends from west to east through several 

regions, such as Majenang, Ajibarang, Purwokerto, 

Banjarnegara, and Wonosobo [23]. The rock formations 

under the Alluvium formation are thought to be igneous 

rocks, which can act as an aquifuge (impermeable layer) 

for groundwater aquifers in the Purwokerto-Purbalingga 

Groundwater Basin [13]. These formations are thought to 

be andesitic lava rocks of Slamet Volcano and tertiary 

intrusive rocks. Stratigraphically, these rock formations 

are under the Alluvium formation [13]. In an effort to 

prove and support the results of this study, a geoelectric 

survey with vertical sounding method can be applied in 

the Purwokerto-Purbalingga Groundwater Basin area. 

 

Figure 11. The result of power spectrum analysis of the 

CBA data on trajectory D which have been spread on a 

horizontal surface. 

 

Figure 12. The result of power spectrum analysis of the 

CBA data on trajectory E which have been spread on a 

horizontal surface 

 

Figure 13. The result of power spectrum analysis of the 

CBA data on trajectory F which have been spread on a 

horizontal surface. 

Table 1. The maximum depth limit for local and regional anomaly sources based on the results of 

spectrum analysis for each trajectory 

Data Trajectories 
Topographic 

Height (m) 

Maximum Depth Limit (m) Sediment 

Thickness (m) Residual (Local) Regional 

Trajectory A 109.42 663.98  7822.50  504.40 

Trajectory B 90.18 589.39  7383.80  410.57 

Trajectory C 62.63 628.98  8039.00  422.61 

Trajectory D 118.41 727.06  9280.60  576.47 

Trajectory E 155.23 588.59  9341.30  474.82 

Trajectory F 176.76 528.74  8527.50  436.50 

 

 

Figure 14. The position of the data trajectories for power spectrum analysis on a CBA contour map which 

has been spread on the horizontal surface. 
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4. CONCLUSION 

Analysis of power spectrum of the satellite gravity 

anomalies data has been carried out to estimate the 

thickness of sediment deposits in the Purwokerto-

Purbalingga Groundwater Basin. This basin occupies the 

Serayu Valley which separates the North Serayu 

Mountains and South Serayu Mountains. Analysis of 

power spectrum uses the Fourier transform principle by 

converting data from the space domain to the frequency 

domain. Analysis of power spectrum has been carried out 

along all trajectories placed on the Complete Bouguer 

Anomaly (CBA) map. The CBA data are free air satellite 

gravity anomaly data which have been corrected by 

bouguer and topographic corrections and have been 

transformed to a horizontal surface. The gradient of the 

gravity anomalies data spectrum graph is proportional to 

the depth of the anomaly source plane; where the larger 

gradient represents a regional anomaly sources, 

meanwhile the smaller gradient represents a local 

anomaly sources. The calculation results show that the 

average depth of the boundary plane of the local anomaly 

sources for each trajectory is 470.89 m. This depth is 

calculated from the topographic surface, so this value 

indicates the thickness of sediment deposits in the 

Purwokerto-Purbalingga Groundwater Basin. 
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