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Abstract 

Gravity exploration, being one of the geophysical exploration methods, makes it possible to study the struc-

ture of the earth's crust and its sedimentary strata. The use of gravity exploration is based on the study of the 

distribution of the gravity field measured on the earth's surface, which is complex, since it consists of local and 

regional gravity components. These gravity components correspond to local and regional geological structures. 

We are mainly interested in local gravity anomalies, which can be associated with oil and gas deposits, minerals 

and various ore minerals. To identify local anomalies, various transformation methods are used, which are the 

process of transforming the observed complex in order to separate it into constituent elements. At the Department 

of Geophysics of the Azerbaijan State Oil and Industry University (ASOIU), the Force-Fortran program Avertrans 

has been developed, which allows performing transformation by the method of averaging over an area with various 

transformation parameters. As is known, the process of transformation of a potential field can be considered as a 

process of frequency filtering, various methods of which are collected in the menu of the world-famous program 

Surfer of the Golden Software company. However, these filters are intended mainly for suppressing signal noise 

and calculating derivatives and gradients of various orders and directions, and the parameters of these filters are 

not suitable for identifying local anomalies of the potential field, in particular, gravitational field. The article pre-

sents the results of applying the developed program Avertrans on a model gravitational field, as well as ways of 

using the filtering capabilities of the Surfer program to identify local anomalies of gravity using the example of a 

model gravitational field. The purpose of the research is to show the capabilities of the Avertrans program, as well 

as to develop a technique for applying the capabilities of the Surfer program to identify local anomalies of gravity. 

 

Keywords: local anomaly, transformation, filtering, transformation radius, calculation algorithm, low-pass 

filter. 

 

Introduction 

Gravitational exploration is one of the methods of 

geophysics that currently successfully solves various 

geological problems for the purpose of prospecting and 

exploration of mineral deposits [14]. Gravitational ex-

ploration studies the structure of the earth's crust and its 

sedimentary strata based on the study of the nature of 

local and regional anomalies of the gravitational field. 

These components of the field are identified by trans-

forming complex observed fields. There are various 

methods of transforming gravimagnetic fields, such as 

the graphical method, which is used in the case of a 

simple linear field along the profile, the method of av-

eraging over an area or along a profile, the gradient 

method (or Saksov-Nigard), the method of higher de-

rivatives, methods of analytical continuation of fields 

in the upper and lower half-spaces, etc. [11]. The initial 

data are the values of the gravity anomaly field in the 

Bouguer reduction, which will be further called the ob-

served field. 

The method of averaging over an area refers to sta-

tistical methods. The essence is that at each point of a 

uniformly quantized field, the average value of the field 

on the circumference of a circular palette is calculated. 

The radius of the circle depends on the geological task 

at hand, i.e. the larger the radius, the greater the depth 

of the study. The observed gravitational field (Bouguer 

anomaly) is the sum of the regional and local anoma-

lies: 

∆gob = ∆greg + ∆gloc   (1) 

From here:  

∆gloc = ∆gob −  ∆greg    (2) 

The regional component of the field is calculated 

using the following formula: 

∆greg = ∆gav =
∑ ∆gi

𝑛
𝑖=1

𝑛
   (3) 

Here n is the number of points on the circumfer-

ence of the circular palette; ∆gav is the average field 

value on the circumference, which is attributed to the 

center of the palette; ∆gi is the gravity value at the 

nodes of the circular palette. 

Several radii can be used for averaging. Usually, 

this transformation method is performed on a computer 

using appropriate programs and algorithms [1-8, 13-

14]. However, these methods are based on the palette 

method. To enter field values into a computer, the orig-

inal field is initially quantized (discretized) by linear in-

terpolation at the nodes of a square grid, usually 1x1 cm 

in size in the scale of the original map. Based on the 

calculation results, a regional anomaly map and a local 

gravity anomaly map are constructed, which are the in-

itial data for interpretation. 
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Tools and methods 

For the gravity field transformation on a computer, 

the Avertrans Force-Fortran program was developed at 

the Geophysics Department of the Azerbaijan State Oil 

and Industry University (ASOIU) [9]. This program al-

lows transforming gravity-magnetic fields by the aver-

aging method using two radii of a circular palette - the 

inner radius R1 and the outer radius R2. The values of 

the radii of the averaging palette depend on both the 

sizes of local anomalies and the depth of the studied 

anomaly-forming geological structures. According to 

the Avertrans program, the values of the observed grav-

ity field and the sizes of the transformation area are first 

entered, which are then printed (to check the correct-

ness of the data). According to the algorithm, the aver-

age field value is then calculated at each radius, and 

then the average value is calculated over two radii. The 

resulting average value is taken as the value of the re-

gional field in the center of the palette. To calculate the 

local component of the gravitational field, the differ-

ence between the observed field value in the center of 

the palette and the calculated average value for the cor-

responding radii at each point of the discretized field is 

found. To obtain maps of local and regional anomalies 

according to the algorithm, the regional field is calcu-

lated once and the local gravity anomaly values are cal-

culated another time. Based on the calculated and 

printed values of local and regional anomalies, maps of 

the local and regional fields are constructed using a 

graphical program. 

At the beginning of the research, we compiled a 

model of the gravitational field in milligal isolines, 

which was discretized in the nodes of a square grid with 

a step of 1x1 cm in the map scale (1:100000) by linear 

interpolation. For visual representation, the original 

map was digitized in the "Digit" mode of the Surfer pro-

gram to create a "grid". Based on this "grid", maps of 

the original gravitational field model were constructed 

in 2D and 3D versions in a modern interface (Fig. 1-2). 

As you can see, the section map is 1.0 mGal, and the 

gravity values increase from northwest to southeast in 

the range from -2 mGal to +23 mGal. The isolines, 

complicated by several local anomalies in the central 

part, are oriented mainly in the direction from south-

west to northeast. 

 
Fig. 1. Map of the digital model of the gravitational field in 2D version 

 

 
Fig.2. Map of the digital model of the gravitational field in 3D version 
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The discretized (quantized) values of this field 

(Fig. 3) were entered into the Avertrans program to cal-

culate the values of the regional and local gravity field 

in the “Averaging” method (R1= 2R and R2=√R, R is 

equal to the quantization step 1km) (Fig. 4-5). Based on 

the calculated values of the regional gravity field, a map 

of the regional field was constructed in 2D and 3D ver-

sions (Fig. 6-7). As can be seen, the regional gravity 

anomaly smoothly increases from the northwest to the 

southeast, reflecting the regional structure of the pro-

posed geological model. Below is a map of the local 

gravity anomaly in areal and spatial form constructed 

on the basis of the calculated values of the local gravity 

anomaly (Fig. 8-9). As can be seen, in the western, 

southern, northern and eastern parts of the original 

field, four clear positive local gravity anomalies (grav-

ity maxima) with an intensity of approximately 0.5-0.7 

mGal, oriented in different directions, are distin-

guished. In the rest of the original field, relative gravity 

minima of irregular shape with an intensity of approxi-

mately -0.2 mGal and oriented in different directions 

are distinguished. 

As is known, the transformation of potential fields, 

in particular the gravitational field, can be considered 

as a process of frequency filtering [10], but in this case, 

instead of the usual signal frequency expressed in a unit 

of measurement in to the time unit, a spatial frequency 

is used, expressed in a unit of measurement inverse to 

the distance unit. As indicated above, we are interested 

in the "Averaging" transformation method. As a result 

of transformation by this method, the total field is di-

vided into local and regional components. The filtering 

method is based on the frequency principle of signal 

extraction. The task is to extract a local anomaly of a 

given model gravity field using filtering methods. As is 

known, the Surfer program has a mode for performing 

signal filtering using various methods [12]. There are a 

large number of filtering methods here, which are di-

vided into two groups: linear and nonlinear filtering 

methods, which consist of low- and high-frequency fil-

ters. However, as our practical analysis of these meth-

ods shows, it is impossible to extract a local anomaly 

of the gravity field using the existing set of filters. This 

is due to the fact that high-frequency filters use frequen-

cies that are too high, which are associated with rough 

sections of isolines. Therefore, high-frequency filters 

do not allow extracting frequencies associated with lo-

cal gravity anomalies. These frequencies are rather 

close to average frequencies, which are lower in value 

than noise frequencies. Low-pass filters retain frequen-

cies that are too high and are associated with interfer-

ence but not with local anomaly frequencies. It should 

be noted that of all the available filtering methods, only 

low-pass filters have the ability to manually select the 

averaging window size. And one filter, the "General 

User define filter," has the ability to change the filtering 

window parameters. The idea is that if you select the 

low-pass filter window parameters manually correctly, 

you can identify a regional gravity field anomaly. The 

local anomaly can be calculated by subtracting the re-

gional component of the gravity field at the "grid" level 

from the observed field using the "Math" function of 

the Surfer program. The filter menu "Filtr" is used for  

Fig. 3. Initial data of the Avertrans program (values of the gravity anomaly 

of the models field in mGal units) 
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Fig. 4. Results of calculation by the Avertrans program (values of the regional gravity anomaly of the model 

field in mGal units) 

Fig. 5. Results of calculation by the Avertrans program (values of the local gravity anomaly 

of the model field in mGal units) 

 
Fig. 6. Map of the digital model of the regional field in 2D version 
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Fig. 7. Map of the digital model of the regional field in 3D version 

 

 
Fig. 8. Map of the digital model of the local field in 2D version 

 

 
Fig. 9. Map of the digital model of the local field in 3D version 
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parameters, i.e. map of the regional gravity component 

and local gravity component (obtained by subtracting 

the “grid” of the regional background from the “grid” 

of the observed gravity field) (Fig. 11-13). As can be 

seen, a map of the local anomaly was obtained, on 

which four gravity maxima with an intensity of about 

0.6-0.7 mGal are clearly distinguished. Comparison of 

this map with the map of the local gravity anomaly ob-

tained by the “Averaging” transformation method using 

the Avertrans program shows good agreement. 

 
Fig.10. Selecting parameters for the filtering window 

 

 
Fig.11.  

Window for calculating the difference between the of the observed gravity field and grids of regional anomalies 

 

 
Fig. 12. Results of low-pass filtering using the Surfer program in the “User Defined Filters” group in the “Gen-

eral User define filter” tab (map of the regional component of the gravity field of the model). 
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Fig.13. Map of the local component of the model's gravity field, obtained by subtracting the "grid" of the re-

gional field (the result of low-pass filtering) from the "grid" of the observed gravity field of the model. 
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