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Abstract: The depth and size of the geological structures, affected by tectonic elements (faults, fractures, 

cracks), can be determined by various methods. In the paper we present applications of moving averaging 

with variable window, polynomial trend surfaces and hypersurfaces, the variation of the generalized 

Pearson coefficient as well as their combinations for the 2D and 3D cases. The geophysical parameters 

measured at the ground surface are transposed into a rectangular grid, using interpolation formulas and 

software programs. The values in the grid nodes, together with latitude and longitude, represent the input 

data for the programs performed by authors and presented in the paper. If we also have data of geophysical 

parameters measured at different depths, we can also introduce the depth into the input data. Thus, we will 

have three independent parameters and a dependent geophysical parameter. By running specific programs 

we obtain the equations of trend surfaces or hypersurfaces, for different degrees, chosen according to the 

depth of the geological sources investigated. Thus, we obtain 2D, residual and trend maps for different 

degrees of the polynomials that are equivalent to different investigation depths. Similarly for 3D space, if we 

have geophysical data measured in depth. 

Keywords: geophysical parameters, polynomial trend surfaces, hypersurfaces, moving averaging, Pearson 

coefficient, tectonic elements 
 

 

1. Introduction 

There are various methods for achieving this separation of gravimetric anomalies. This paper presents 

some examples of the use of the moving average method and the polynomial trend surfaces. In particular, we 

presented the results of the mobile mediation with different windows compared to the trend surfaces with 

different degrees, for a case study in Vrancea seismogenic area. Polynomial trend surfaces analysis 

contributes to the recognition, isolation and measurement of trends that can be calculated and represented by 

analytical equations, thus achieving a separation in regional and local variations. The analytical expressions 

of the polynomial trends based on the least squares method were calculated, highlighting the regional trend 

caused by the deep structures.  

Calculating the residual values resulting from the difference between the initial values and the trend 

values from the network nodes used, we highlighted the superficial local effects. We also obtained 

information about the regional trend caused by geological structures at medium and large depths, by 

calculating the difference between gravity parameters, obtained with different moving average windows or 

tendency surfaces with different degrees, interpolated in same network. In the bibliographic references [1] - 

[11] are found the theoretical premises of the methodology used in this work, which guided us in the 

development of the related software programs, which we applied for WGM 84 gravimetric data, from the 

International Gravimetric Bureau [https://bgi.obs-mip.fr/]. 
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2. Methodology for filtering of geophysical data 

 

2.1. The variation of the correlation factor 
The variation of the correlation factor between two or more sets of parameters brings information for 

geophysical, geological and tectonic assumptions. This correlation factor can be calculated, similarly as in 

mobile averages with windows of different sizes, passing through the entire network of points, bringing 

information from depths. 

The correlation factors may be good indicators for parameters that are related on common causes. 

In this paper we have developed computational programs for the generalized correlation factor Pearson 

between two variables disposed in the surface (2D) or Euclidean 3D space. In the first case we used squares 

of different sizes and in the second case we used cubic windows. We scrolled these windows with a point 

until the entire parameter space passed. The values calculated successively for the correlation factor we 

reported in the centre of the used mobile window, thus obtaining sets of 1D, 2D or 3D values for it.  
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To study the variation of correlation we chose a rectangular window 9 values sides with 3 values on 

the X axis (East West) 3 values on the Y axis (North-South). This variation correlation factor we studied in 4 

cases: from initial values of both parameters and between moving average calculated with 3 windows (with: 

9, 25 or 49 values) of both parameters. To calculate the index variation of correlation between two 

parameters, which are determined in the same grid, I used a mobile window of 3 x 3 values, and the index is 

represented in the central node. 

    

 
 

We calculated the index variation correlation between two parameters representing mobile mediations 

with different square windows (9, 25 or 49 values) of input geophysical parameters. 

For 2D case we calculated in surface (latitude, longitude) the correlation factor variation between 

geophysical parameters (Bouguer anomaly, Free Air anomaly, Magnetic Anomaly, Geoid high, Ellipsoidal 

high, etc.). Also, for 3D case we calculated in space (latitude, longitude, depth) the correlation factor 

variation between geophysical parameters. 

The functional links between the more sets of geophysical data are realized between the more cause 

phenomenon, represented by geological structures and a phenomenon-effect for each response function of 

the Earth. This information's can be integrated in 3D GeoModeler software together with all geological and 

geophysical parameters, obtaining a 3D model with scientific and economic importance. 

The analysis with polynomial trends surface is a filtering method that helps to recognize, isolate and 

measure trends, by separating large variations from local variation trends. This separation is accomplished by 

adjusting the trend function to different values. We calculated the rezidual Bouguer anomaly after removed 

the trend plan and than the trend surfaces of degree 6, from data WGM2012 (from Bureau Gravimétrique 

International). 

 

2.2. The analysis of polynomials trends surfaces 

The analysis of polynomials trends surfaces are the old methods, based on the smallest squares method 

used for the smoothing of geological data, which many authors have dealt with: Vistelius (1961), Unwin 
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(1978), etc. Tendency analysis is part of the field of regression analysis satisfying the smallest square 

criterion. The difference between the calculated value of the trend surface at a certain point and the value 

observed at that point is the residual value. The sum of the squares of these residual values must be minimal 

according to the smallest square criterion. If the trend area is considered to be a regional or large-scale 

component, then the residual value should be considered as the local or small-scale component. Removing 

the regional trend has the effect of highlighting local components represented by residual values. The 

principles of surface trend analysis and surface hyperspace are applicable to surfaces and hyperspace in any 

number of dimensions. The simplest example of trend surface plan is the equation: 

ztend = A + Bx + Cy, wherein x and y are independent variables and the dependent variable z is constants A, 

B and C is calculated as the sum of the deviations to a minimum. The deviation of a given point is the 

difference between the observed and calculated and can be expressed by: deviation = zobs - ztend. It follows 

that: deviation = zobs - A - Bx – Cy 

Expressing the sum of squared deviation’s function Φ (A, B, C) we get:  
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where zi are observed values at each point of coordinates (xi, yi) and n is the number of observation points.  

If Φ (A, B, C) should be minimized, it is necessary that: 
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The quadratic trend surfaces or higher degree is calculated similarly. Following the same procedure, we 

conducted programs for the following trend surfaces (of 3nd degree and 6th degree): 

For tendency cubic surface: 

Z=A+BX+CY+DX2+EXY+FY2+GX3+HX2Y+IXY2+JY3 

Φ(A,B,C,D,E,F,G,H,I,J)=SUM(Z- A-BX-CY-DX2-EXY-FY2-GX3-HX2Y-IXY2-JY3) 2 

 

 

.................................................................................................................................. 
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It results: 
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For tendency bi-cubic surface:  
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we obtain: 

  
 

2.3. The analysis of polynomials trends hypersurfaces 

In 𝑅4 space z=f(x,y,w) = ∑ ∑ ∑ 𝑎𝑖𝑗𝑘𝑥𝑖𝑦𝑗𝑤𝑘𝑝
𝑘=0

𝑛
𝑗=0

𝑚
𝑖=0 , Grid (xi, yl, wk) 

Order1                            Z=A+BW+CX+DY 

Order2                            Z=A+BW+CX+DY+EX2+FWY+GXY+HWX+IW2+JY2 

Order3    Z=A+BW+CX+DY+EX2+FWY+GXY+HWX+IW2+JY2+KX3+LW3+MY3+NX2Y+ 

+OXY2+PY2W+QYW2+RW2X+SWX2+TWXY  

Calculation procedure for order 1 of the hypersurface (hyperplane) Z=A+BW+CX+DY 

  

Calculation procedure for order 2 of the hypersurface (hyperplane)  
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2.4. The analysis with mobile average method for 1D, 2D and 3D 

For mobile average method we have developed programs based on the following algorithms: We note 

with a(i, j) the values of the mediated parameter z in the node of the network (i, j), where i and j take integer 

values within the ranges [1; 100] used by the mobile window used. To illustrate the algorithm, with the 7x7 

floating window, we compiled the following sketch: 

𝑎𝑖,𝑗̅̅ ̅̅ = ∑  ∑ 𝑎𝑖𝑗

𝑗=3

𝑗=−3
,      

𝑖=3

𝑖=−3
 

 
 

3. Case study in Vrancea zone 

 
Figure 1. Residual Bouguer anomaly calculated with the mobile averages of 3 different square windows: 

A) Residual Bouguer anomaly calculated with the mobile averages of 9 values; 

B) Residual Bouguer anomaly calculated with the mobile averages of 25 values; 

C) Residual Bouguer anomaly calculated with the mobile averages of 49 values. 

 

For tendency surfaces, we have developed programs for calculating analytical expressions for the 

following types of surfaces: plan (first degree): Ztend=A+Bx+Cy, 2nd degree: Ztend=A+BX+CY+DX2+EXY+ 

+FY2, 3rd degree: Ztend=A+BX+CY+DX2+EXY+FY2+GX3+HX2Y+IXY2+JY3, 6th degree: Ztend=A+BX+ 

CX2+DX3+EY+FXY+GX2Y+HX3Y+IY2+ JXY2+KX2Y2+LX3Y2+MY3+NXY3+ OX2Y3+PX3Y3, where X 

and Y represent the independent variables (in the coordinates system STEREO 70 in the directions W-E, 

respectively N-S) and Z represents the variable dependent on X and Y. 

 The residual value is Zrez = Zobs - Ztend highlights the local aspects of anomalies. 
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Fig.2. Bouguer Anomaly in the studied area from BGI data; A) The representation of unfiltered data;  

B) Representation of the data averaged in moving windows of 9 values (3 lines * 3 columns);  

C) Representation of the data averaged in moving windows of 25 values (5 lines * 5 columns);  

D) Representation of the data averaged in moving windows of 49 values (7 lines * 7 columns); 

 E) The tendency surface with 6th order; F) The tendency surface with 3rd order. 
 

In fig.2E, it is the tendency surface with 6th order, 

Z
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the coefficients being: A=499438.5000000000; B=-373202.3671875000; C=81600.5175781250;  

D=-5520.4898071289; E=-19053.6718750000; F=91387.8554687500; G=-28282.2333984375;  

H=2245.9517211914; I=-63199.0019531250; J=13665.5058593750; K=619.8403320313;  

L=-186.4072189331; M=9255.7174072266; N=-3328.0280761719; O=342.1310119629; P=-7.7146945000.  
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In fig. 2F, it is the tendency surface with 3rd order, 

Z
tend

 =A+BX+CY+DX
2

+EXY+FY
2

+GX
3

+HX
2

Y+IXY
2

+JY
3

 

the coefficients being: A=-11938.42251006; B=4797.3673020601; C=1487.1852331124;  

D=-652.9127963639; E=-438.9016750949; F=0.0000125275; G=45.8620878794;  

H=-31.7580106317; I=85.5197506216; J=-37.4263031660. 

The tendency plan of Bouguer anomaly has the following equation: 

Z=-188.707147163*X-0.1554708098*Y+27.0513680505. 

 

4. Conclusions 

In the present paper we presented as filtering methods only the mobile mediation with windows of 

different dimensions and polynomial tendencies of different degrees. These types of filters were compared 

with the results of other types of filtrations that I did not present in this paper (Fourier 2D analysis, Wavelet 

analysis with different window types, analytical continuation up and down), given the volume, both 

theoretical and methodological, the programs used and the results of the processes, as well as their geological 

significance. 

The results of all types of filtering can be matched with 2D models (for which we have developed the 

data profiles and sketched the structure in depth based on the results obtained by various methods and 

various authors). 

Also, the variation of the correlation factor between two sets of parameters brings information for 

geological and tectonic assumptions. This correlation factor between two sets of data can be calculated, 

similarly as in mobile averages with windows of different sizes, passing through the entire network of points, 

bringing information from different depths. The correlation between two sets of parameters may be some 

indicators that they are dependent on common causes. Contrast of densities juxtaposed in areas with different 

petrophysical properties at suture zones, usually cause gravimetric anomalies. However, some of the 

anomalies of gravity that have deep causes may be masked by the presence of geological formations of a 

very different density compared to deep formations. Anomalies of gravity caused by small-scale formations 

can be easily recognized in residual maps after regional trends are eliminated. 

The anomaly separation operation consists in determining the number of sources, the characteristics of 

each (depth, density, shape, and dimensions) so as to result in cumulative total anomaly, measured at the 

Earth’s surface.  

This separation has to be done in the context of the fundamental ambiguity of gravimetric information, 

based on the cause-effect ratio.  

In conclusion, referring only to the types of filters presented in the paper, we can say that they provide 

us with information with different degrees of regionality and from different depths, which of course cannot 

be quantified until all the geological and geophysical information has been corroborated. These filters can 

bring both information about local and surface effects (residual maps, through "high pass" filters), mid-depth 

structures (through "band pass" filters), and deep structure (tendency maps, through "low pass" filter). 
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