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A b s t r a c t  

To interpret geophysical anomaly maps, it is necessary to filter out 
regional and sometimes noise components. Each measured value in a 
gravity survey consists of different components. Upward continuation 
(UC) is one of the most widely used filters. The shortcoming of this filter 
is not to consider the spatial structure of the data, and also the fact that 
the trial and error approach and expert’s judgment are needed to adjust it. 
This study aims to compare the factorial kriging analysis (FKA) and UC 
filters for separation of local and regional anomalies in the gravity data 
of a hydrocarbon field in the southeast sedimentary basins of the East 
Vietnam Sea. As shown in this paper, FKA method permits to filter out 
all of the identified structures, while the UC filter does not possess this 
capability. Therefore, beside general and classic filtering methods, the 
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FKA method can be used as a strong method in filtering spatial structures 
and anomaly component. 

Key words: anomaly separation, geophysical filtering, factorial kriging 
analysis (FKA), upward continuation (UC), hydrocarbon exploration. 

1. INTRODUCTION 
The gravity method is a very useful method in oil, gas, and mineral explora-
tion. Despite the vast use of seismic method in oil exploration, the gravity 
method is always one of the initial steps in hydrocarbon exploration to rec-
ognize favourable areas. This method is usually applied before conducting 
next exploration steps using advanced methods such as seismic ones and 
drilling. Considering the fact that the density of oil-gas environments is less 
than their surroundings, the resulting gravity anomalies can be detected. It 
has also a realistic significance in discovering sedimentary basins, local 
structures, and areas with an oil-gas potential (Berezkin 1973, McCulloh 
1980, Zeng et al. 2002, Tran 2004, Aghajani et al. 2011). 

It is very important in the interpretation of gravity data for hydrocarbon 
exploration to recognize a sedimentary basin that can be a possible hydro-
carbon area (Reynolds 1997). In addition, we know that the Bouguer anoma-
ly maps contain three components: noise, regional, and local anomalies 
(Telford et al. 1990). Many different methods with varying methodology ba-
ses (Nettleton 1954) are used for separation of regional from residual (local) 
anomalies in order to distinguish areas that may be suitable for the formation 
of hydrocarbon reservoirs. In fact, these methods separate the local anomaly 
related to the oil-gas reservoir from regional anomaly. 

One of the most widely known methods to extract regional anomaly is 
called the upward continuation (UC) method that is based on the weighted 
averages. The weights are calculated using upward continuation level (for 
details see Telford et al. 1990). UC can be regarded as estimated airborne 
survey using the ground survey. When the UC method is applied to a ground 
survey dataset, in fact, the data are converted as if taken from an airborne 
survey in an upward height or level above the ground survey. There are 
some problems with the method, such as the fact that the height should be 
known when using the method Zeng et al. (2007). 

Factorial kriging analysis (FKA) is a variogram-based filtering technique 
(Matheron 1982). FKA is used to filter data with different spatial structures 
(Sandjivy and Galli 1984, Sandjivy 1984). Galli applied this method as a 
substitute to spectral analysis of magnetic data (Galli et al. 1984). Seguret 
(1993) has used FKA to extract diurnal variation from aeromagnetic data. 
Moreover, some experts used the FKA to reorganize geological structures on 
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gravity data, and also to filter seismic noisy data (Jeannée and Mari 2008, 
Magneron et al. 2009).  

This work aims to present theory of the FKA method and its application 
to separate gravity anomalies in a hydrocarbon field in the southeast sedi-
mentary basins of the East Vietnam Sea. After a brief description of the 
study area, the variographic study of data is presented, then the FKA and UC 
results are demonstrated, and finally the results of the two methods are com-
pared considering the geological features of this hydrocarbon field. 

2. THEORY  OF  THE  USED  METHODS 
2.1  FKA 
Conventional methods (e.g., UC method) have some practical limitations; 
firstly, a preliminary interpolation (e.g., kriging) is needed to estimate the 
value of variable on a complete rectangular grid, when data are not on a 
regular grid. Secondly, their interpretation and implementation become tedi-
ous by increasing the dimension of space, and finally, by ignoring the spatial 
variation of the component of frequency, a local anomaly can widespread 
through all frequencies (Chilès and Delfiner 1999). To solve this problem, 
Matheron (1982) proposed an orthogonal decomposition of a regionalized 
variable Z(x) to its components Zs(x). That means, a random function as Z(x) 
can be assumed as an intrinsic regionalization model with mostly stationary 
components, in which Zs(x) is an intrinsic component (Wackernagel 1988). 
In this case, 
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where x� and x� represent the location of any point of � and �, Z(x�) and Z(x�) 
are the measured values at these points. If the structures are assumed to be 
mutually uncorrelated, then this formula can be written as a summation of 
the components’ variograms. 
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This kind of spatial structure is called nested variogram model, as sche-
matically shown in Fig. 1. Matheron (1982) demonstrated the formula of this 
new method, named FKA, in the case of monovariable and also developed it 
for the case of heterotopic multivariable. The spatial structure, characterized 
by a covariance/variogram model, is a space domain equivalent of density 
spectrum in the frequency domain (Yao 2004); thus, FKA relies on the de- 
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(a)                                                                    (b) 

 

Fig. 1. Each measured gravity value of Z(x) could be assumed as the summation of 
three different orthogonal components; as an example: noise or very short scale 
component as Z1(x), local as Z2(x), and regional component as Z3(x), where  
Z(x) = Z1(x) + Z2(x) + Z3(x); (a) the range and sill of variograms are shown, respec-
tively, by ai and Ci, the first structure is a pure nugget effect and has no range; (b) 
overall variogram is used in the right hand matrix of kriging to calculate variogram 
value between the known points and variogram of 3rd component (to be filtered) is 
used to complete the right hand matrix of kriging including the variogram between 
the known points and target. 

composition of variograms, which permits to overpass the above-mentioned 
limitations for conventional methods for interpretation of field potential data. 

Goovaerts (1997) has presented FKA in “dual form” and gave an exam-
ple of the filtering properties of kriging. Wackernagel (1995) demonstrated 
the FKA formula to filter out the intrinsic and stationary components of a re-
gionalized variable. An example for univariate case is the measured value in 
a gravity survey; the measured value could be factorized to its components 
which have different wavelengths. Value of intrinsic component at each 
point of x0 denoted as Z(x0) can be estimated using the values of the meas-
ured variable in a given neighbourhood Z(x�): 
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The reader is referred to Wackernagel (1988, 1995), Goovaerts (1997, 
page 165-166), and Chilès and Delfiner (1999, pages 342-345) for details of 
the mathematical framework of this method. 
1. Non bias condition: The expectation of the estimation error should be nil; 
2. Minimizing the variance of error; 
3. Non-correlation condition between components. 



M.-R. AZAD  et al. 
 

402

  �  �  �  �
1

2
0

0 1 1 1

2 ,
s n n n

u s s s s s s
E

u

C x x x x w w x x w x x
�

� � � �

� � � � � � � �% %% %& ' & ' & ' & ' & &
& ' &

� ( ( (  (4) 

 
 �  �

1

1

0    for  1, 2,..., ,

1 .

s
s

n
s

n
s

x x x xw n

w

�

�

� � �

�

� �%

%

'
'

'
'

& ' &( ) ( &
 (5) 

where sw'  represents the weight of kriging for each point of x�, ��x�, x�) is 
the value of variogram between each two pairs of points of x� and x�; in the 
same way, �s�x�, x0) is equal to the value of variogram for the distance be-
tween x� and x� (see Fig. 1b), and finally 	s is the LaGrange multiplier. 

The filtering system, expressed by Eq. 5, is similar to the system of ordi-
nary kriging, but the variogram value of right-hand side matrix of this equa-
tion, �s�x�, x0), is calculated only using the spatial structure that must be 
filtered. 

2.2  UC 
There are many different methods concerned with separation of the regional 
and local or residual anomalies in geophysics, especially in gravity and 
magnetic geophysical techniques. The UC method is used frequently to iden-
tify regional anomalies and gravity/magnetic variations of deeper horizons 
(Claerbout 1986). This method is applied to filter out short-wavelength (or 
high-frequency) anomalies, and also, to reduce their amplitudes and decrease 
the noise related by near surface features (Reynolds 1997).This filter or op-
erator is a transformation of the potential field anomaly calculated at a height 
greater than the observed field  A(x, y, z), that is, a measured or observed po-
tential field at a location  (x, y, z)  in space. If there is no source in the upper 
half space, then (Gibert and Galdeano 1985): 
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Potential field in different points is expressed as follows (Jacobsen 
1987): 
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where 
 and � are the coordinates. Equation 7 can be written as a convolu-
tion (Gibert and Galdeano 1985) given by Eq. 8: 
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where * denotes convolution; hence, the Fourier transformation of Eq. 8 is 
equal to the Fourier transform of the first term multiplied by the Fourier 
transform of the second terms (Everett 2013), which is 
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A(x, y, 0)  is the upward continued potential field, i.e., the potential field 
taken to the height 0, that is, higher than the height z related to the location 
of the observed or measured field  A(x, y, z);  it should be noted that the di-
rection of z axis downward is positive. 

The UC operator is a filter that eliminates high frequency components 
and, in contrast, the low-frequency components will be strengthened. In par-
ticular, the UC filter tries to filter out the shorter wavelength anomalies that 
are regarded as near surface structures, and the subsequent process is high-
lighting the effect of deep subsurface structures. Although one of the most 
widely used filtering techniques in the processing and interpretation of po-
tential field data is the UC method, there are some disadvantages too, the 
most important being the fact that it does not consider the spatial structure of 
the data, and also the lack of knowledge about the optimum UC height for a 
particular case. In this paper, a geostatistical filtering method, called FKA, is 
used instead of the UC method. Then each of the structures (including 
anomalies and noise) can be separated using the FKA theory explained in 
detail in Section 2.1. In the following, we will first briefly review of the 
study area and then will apply the methods separately, and finally, compare 
the results. 

3. OVERVIEW  OF  THE  STUDY  AREA 
3.1  Geology of the study area 
The study area is located in the southeastern part of a Vietnamese basin situ-
ated in the east of Vietnam Sea (Fig. 2a). The studied field covers an area of 
215 × 215 km. There are numerous oil-gas boreholes drilled in the basin. The 
prior studies have shown some oil-gas reservoirs developed in the Eocene-
Oligocene and the Early Miocene formations with the marine-river source, 
but many of them have been concentrated in the broken rock of the Pre-
Cenozoic strata. The multiple oil-gas reservoirs are developed at different 
depths and connected together horizontally. In the area, the thickness of 
sedimentary layer varies very strongly, from 1 km along the coastline to 
13 km in the center of the sedimentary basin. Many studies have pointed out 
that the rocks fill up the grabens in the Eocene-Oligocene strata, which are in  
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(a)                                                                  (b) 

 
Fig. 2: (a) Location of the 215 × 215 km study area (Tran 2004), and (b) Bouguer 
anomaly map and drilled wells position map of the study area (� – wet bore, � – dry 
bore). The origin of the map coordinate system is located in the lower-left corner of 
the map, with positive values extending along the axes up and to the right of the 
origin point. The values of X and Y coordinates are in km. The contour interval is 
5 mGals. Negative Bouguer anomalies are indicated by darker colors. 

contact with the horst of carbonate basement rock, and create the potential 
oil-gas reservoirs (Que and Tran 1996, Vu 2003, Tan and Bo 2002, Tran 
2004). 

3.2  Gravity data 
The gravity anomalies have been measured on a very fine grid with a high 
quality. The gravity map has been drawn with a contour interval of 2 mGals, 
and all the necessary computations in this regard have been performed on a 
grid of 1 × 1 km (Fig. 2b). The used data are drawn by resampling from this 
exhaustive data base on a grid of 30 × 30 km to investigate the capability of 
the FKA and UC methods on the larger grid. The reason for the increase of 
the grid size from 1 × 1 km to 30 × 30 km was the long time of the execution 
of the FKA computer program when the huge gravity data taken from 
1 × 1 km grid size was used in the program. However, when the grid size in-
creased, a considerable reduction in the run time was observed due to the re-
duction of the number of gravity data in the grid. Although different grid 
sizes were tested, the 30 × 30 km grid size containing much less data than 
1 × 1 km grid size was the largest grid size for which its FKA results were 
comparable with the UC results. The values of the gravity anomalies vary 
from –30 to +90 mGals. The negative anomalies indicate sedimentary mate-
rials of the basins, and have amplitudes of about tens of mGals lying in the 
central area but not in the sedimentary basin. It is attributed to the accretion 
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of the basement structure. The main trends of the gravity anomalies are 
northeast-southwest. Some bands of strong gravity gradient are also ob-
served here in northeast-southwest and northwest-southeast directions, some 
being hundreds kilometers long. 

4. GEOSTATISTICAL  FILTERING 
The first step in a geostatistical filtering (FKA) procedure is the spatial struc-
ture analysis. This step permits to recognize the components and model them 
by a nested variogram model in which each component is represented by a 
simple structure. 

4.1  Structural analysis of the gravity data and variogram modeling 
Variographic study is performed in different directions. Main directions of 
anisotropy are along N30E and N120E (Figs. 3a, b). Both types of anisot-
ropy, including zonal anisotropy and geometric anisotropy, are observed. If 
directional variogram shows different effect ranges in several directions, this 
type of anisotropy is called the geometric anisotropy. Zonal anisotropy can 
occur when variograms in different directions suggest a different value for 
the sill (Wackernagel 1988). Once experimental variograms have been calcu-
lated along main directions of anisotropy, one should fit a credible model to 
them. The procedure of analyzing the anisotropy and choosing the anisot-
ropy and fitting the variogram to the model is explained in many geostatisti-
cal books (e.g., Armstrong 1998, Isaaks and Srivastava 1989).The best fitted 
model is a nested model that includes three structures or components indi-
cated in the right hand side of the following equation: 

30 120 30 12010.Nugget 170.Cub , 335.Cub , .
145 190 200

( )
370

N E N E N E N� h E� � � �� �� � � �
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Each coefficient shows the portion of the component from the total vari-
ance of variable, and the number in the parentheses shows the main axes of 
anisotropy and the value of ranges (see Fig. 3). A cubic variogram model is 
defined by the following equation (Chilès and Delfiner 1999): 
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Ellipses of anisotropy are shown in Fig. 3c. The bigger ellipse concerns 
the larger cubic structure (the third structure indicating a regional anomaly) 
and the smaller one shows the second structure. 
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(a)                                                                 (b) 

 
                                                   (c) 

 

 

 

Fig. 3. Experimental and fitted variograms 
modeled to the gravity data: (a) along 
N30E, and (b) along N120E. Panel (c) 
shows the anisotropy ellipse; the radii of 
ellipses are proportional to the range of 
their variograms. 

The portion of nugget is very small in comparison with two other struc-
tures; there are two possible interpretations for a nugget effect: 

(i) The distance between gravity stations (30 km) is too large to provide 
detailed information about small range models, which may be associated 
with very high-frequency spatial variations of the gravity data due to very 
local geologic phenomena; 

(ii) Data may be affected by a measurement error, which directly causes 
a discontinuity in the variogram behavior at the origin. Experimental vario-
gram of data reveals a hierarchical structure, modeled by the mentioned 
nested structures (Eq. 10), each structure being characterized by its own 
range and direction. The short range component (145 km in N30E and 
190 km in N120E) corresponds to the local changes in the Bouguer anomaly 
of the basin, and long-range component may be interpreted as more regional 
geological or sedimentation changes of the basin. Long-range components 
seems to be more anisotropic. 
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4.2  Separation of structures in the gravity data by FKA method 
The purpose of this step is to filter out identified spatial components at all 
nodes of the grid. The 3rd structure has been filtered using Eq. 5. Figure 4a 
shows the filtered large-scale component results obtained as a consequence 
of applying FKA method on the gravity data. Then, the values of this com-
ponent are subtracted from the measured gravity values to obtain the residual 
values to filter out the second structure. As a result, the short-scale structure 
component of the gravity data has been shown in Fig. 4b. The final residual 
structure has been assumed as the equivalent variable of the nugget effect 
component (Fig. 4c). The coordinates are in kilometers. 

Normally, the regional anomaly is in relation with deep structures effect 
and the residual anomaly points the near surface structures effect (Reynolds 
1997). As can be seen in Fig. 4a, the regional component keeps a decreasing 
trend from east to west of the study area. An anomaly with low values is no-
table in the western part of the map of the regional component shown in 
 

(a)                                                                  (b) 

                                                          (c) 
 

 

Fig. 4. Maps of different components 
in the gravity data: (a) large-scale 
structure, (b) short-scale structure, and 
(c) nugget and very short-scale effect 
structure. The values of X and Y coor-
dinates are in kilometers. Contours 
show the value of Bouguer anomaly. 
Please note that the color scales are 
not the same for the components. 
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Fig. 4a. That may be interpreted as the effect of low-density sedimentary 
layers. This structure is distinct from the measured gravity data map. The 
short-scale component map (Fig. 4b) shows completely different features. 
High values in this map indicate high-density geological structures such as 
dense rocks or features present in the area. Moreover, a very notable nega-
tive anomaly exists that has been extended from north to the center of the 
map with a north-southwest trend. This anomaly can be due to the existence 
of low density sedimentary structures in this part of the area. This part can be 
regarded as a suitable zone for hydrocarbon reservoirs occurrence, as shown 
in the previous research by Tran (2004), and the drilled bores often reach to 
the oil reservoirs in the study area. 

5. FILTERING  THE  GRAVITY  DATA  BY  UC  METHOD 
Tran (2004) and Aghajani (2009) have applied normalized total gradient 
(NTG) method on the gravity data to detect the gravity anomalies caused by 
oil-gas reservoirs in the marine sedimentary basins of the study area. Tran 
(2004) has also pointed out that applying other processing and interpretation 
techniques on the gravity data is needful to check and enrich the results of 
NTG method. The UC filter has been applied using different heights of 15, 
20, 25, 30, 35, and 40 km, and the results of upwarding for 15, 20, 25, and 
30 km have been presented as the maps shown in Fig. 5. 

In the interpretation of gravity data for hydrocarbon exploration, it is 
significant to be able to distinguish between the sedimentary basins which 
are good possible hydrocarbon targets, and other low-density geological 
structures that have no prospect for hydrocarbon. These geological structures 
as well as sedimentary basins produce negative gravity anomalies. In this 
paper, to determine the depositional areas for possible hydrocarbon occur-
rence, UC filter with heights of 15, 20, 25, and 30 km have been employed. 
As can be seen from Fig. 5, the gravity anomalies become smoother, and the 
anomalies embedded at intermediate depths may even disappear as the 
height of the UC filter increases. 

Hence, we can see the main subsurface structures or anomalies in the 
maps obtained as a result of applying UC filter with heights of 15, 20, and 
25 km; however, the effects of some of these subsurface structures are large-
ly disappeared in the UC map with a height of 30 km. As can also be seen 
from all of the maps shown in Fig. 5, a lower Bouguer anomaly can be seen 
in the southwest and west of the study area, and an increase in the Bouguer 
anomaly is observed toward the east of the area. This low-value Bouguer 
anomaly can be interpreted as being due to low density geological structures 
with special geometrical shapes, such as a geo-anticline or salt domes. In 
contrast, high value Bouguer anomaly can be explained by an increase in the 
thickness or density sediments, which are located in central  and eastern parts 
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(a)                                                                  (b) 

  (c)                                     

                          (d) 
 
Fig. 5. The results of applying UC filter for different heights: (a) 15 km, (b) 20 km, 
(c) 25 km, and (d) 30 km, on the gravity data. The coordinates are in kilometers. 
Due to different ranges of values, the color scales are not the same. 

of the study area. Selection of the height of 25 km among the other heights 
seems to be the best or optimum UC height to depict the regional anomaly or 
anomalies from the gravity data in the area. This is because the effects of the 
subsurface structures in the UC map obtained with a height greater than 
25 km are the same as those in the UC map with the height of 25 km. Be-
sides, Zeng et al. (2007) introduced a criterion or quantitative method for 
choosing the optimum UC height. Using this criterion or quantitative 
method, in which the curve of UC gravity data versus the UC height is 
drawn to obtain the optimum UC height, the height of 25 km was approxi-
mately obtained. 
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If we subtract the obtained regional anomaly from the Bouguer anomaly, 

the residual map is obtained, in 

which the local anomalies have 
been shown  
 

(a)                                                                  (b) 
 

(c)                                                                  (d) 
 
Fig. 6. Residual anomalies obtained as a result of applying UC filter for different 
heights: (a) 15 km, (b) 20 km, (c) 25 km, and (d) 30 km. The range of variable in 
panel (a) is smaler than others. The coordinates are in kilometers.  

(Fig. 6). From the residual maps, shown in Fig. 5, we can identify possible 
location of oil-gas anomalies. Reservoirs are considered as negative residual 
anomaly values in the maps. Positive anomalies in 4 corners of the study 
area (shown in Fig. 6) can be attributed to the rocks of higher density. It is 
difficult to judge about the geological features of these corners of the study 
area as there is not enough information about the geology of the area. A re-
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markable zone, identified by a negative anomaly with a north-south exten-
sion in the central part of the maps shown in Fig. 6, may be a location for the 
occurrence of oil-gas reservoirs in the subsurface. 

However, a correct interpretation of the maps and accurate determination 
of existence of oil-gas reservoirs in the subsurface of the area require more 
information, such as subsurface geological information, well logs, and drill-
ing data from the area. However, this zone, and also other negative anomaly 
zones, can be considered as the preference zones for the next exploration 
stages, e.g., seismic surveys or drilling operation. The optimum UC height 
has been selected as 25 km based on maximum deflection of the curve pre-
senting correlation between the results of two successive heights of 
upwarding versus the height (for details see Zeng et al. (2007) and Guo et al. 
(2013)). The corresponding local or residual anomaly map for the height of 
25 km has been considered for comparison in the next section. 

6. COMPARISON  OF  THE  RESULTS  OBTAINED  FROM  APPLYING  
FKA  AND  UC  FILTERING  METHODS 

For the purpose of comparison of the two filtering methods discussed in this 
paper, the obtained results of the relevant components from the two methods 
have been compared together. Therefore, the results of large-scale compo-
nent of FKA have been compared with the obtained results of applying UC 
with a large height. Similarly, the results of small-scale component of FKA 
have been compared with the results of applying UC with a low height. Ini-
tially, the regional anomalies obtained from the two methods have been 
compared together. For the UC method, the regional anomaly component 

has been extracted from the results 
of applying optimum UC height of 
25 km to the gravity data (Fig. 7a). 
In fact, the correct height of up-
ward continuation is qualitatively 
justified by an expert although dis-
pute on which height  
 

(a)                                    
                          (b) 
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Fig. 7. Comparison of the regional 
anomalies obtained from the results of 
applying the two filtering methods, used 
in this study, on the gravity data: (a) UC 
method, and (b) FKA method. It should 
be noted that the range of variable is dif-
ferent in these two panels, but the level 
of contour is the same for both panels. 
The coordinates are in kilometers. 

(a)                                     
                          (b) 

 

Fig. 8. Comparison of the residual ano-
malies obtained from the results of apply-
ing the two filtering methods, used in this 
study, on the gravity data: (a) residual of 
UC method, (b) short-scale component of 
FKA method as the first com-ponent of re-
sidual, (c) nugget and very short-scale 
component of FKA method as the second 
component of residual. The range of value 
for this variable is different from the local 
components’ range. The coordinates are 
in kilometers. 

 

should be the optimum UC height still remains. As can be seen from Fig. 7, 
the two maps obtained from the results of FKA and UC methods indicate 
similar anomalies, trends, and quality, although slight differences between 
the quantities or values of the two maps are observed. 

(c)
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The map of short-scale component of FKA and the residual map of UC 
filter for a height of 25 km are shown in Fig. 8a. The negative and positive 
anomalies are situated in almost the same positions in both maps. However, 
the variable in the FKA map (Fig. 8b) is obviously more continuous than the 
gravity value of the residual map (Fig. 8a) obtained from the UC method. 

The map of the short-scale component of FKA shows a continuous long 
negative anomaly extended from north to the center and then to the west of 
the study area. This continuous negative anomaly can be interpreted as a 
possible long or broad sedimentary zone with a low density compared to the 
densities of the surrounding rocks. Unlike the FKA map, the residual map 
shows various negative anomalies or zones in north, center, west, and even 
east of the study area, implying the existence of various local low density 
geological features in these parts of the area. 

7. CONCLUSIONS 
Separation of regional and residual anomalies from geophysical data is car-
ried out using various methods. In this paper, the capability of FKA method 
to separate all the components (not just low-pass and residual as UC) inter-
pretable as regional anomaly (large-scale component) from residual anomaly 
(short-scale component) in the gravity data from a hydrocarbon field in 
Vietnam has been demonstrated, and the obtained results have been com-
pared with the results of applying UC filtering method on the gravity data. 
The UC filtering method is commonly used in gravity and magnetic geo-
physical methods for separation of regional from local or residual anomalies. 
We have also shown the superiority of FKA method over UC filter for sepa-
ration of spatial structures or anomalies. The results of the FKA method de-
pend on the decomposition of the random field model (Bouguer anomaly) 
into the various structures or factors. The basic difference between the UC 
and FKA methods is that the FKA method takes into account the spatial 
structure of data. The geophysical UC filter is often used in trial and error 
approach on the gravity and magnetic data. In every engineering calculation 
and modeling, the expert choices will be important and somehow applied in 
system. FKA is based on spatial structure, and it is possible that two experts 
choose two different variogram models, but these models could not be much 
different, as the models are adjusted to experimental variograms calculated 
directly from data. The FKA method is a multivariate geostatistical method 
that is applied for the separation of signal from noise based on the recogni-
tion of spatial structures with different scales. In addition, the FKA method 
permits to filter out all of identified structures while this is not applicable in 
the case of UC method. Furthermore, the sizes and trends of anomalies can 
be determined from FKA results. Therefore, in addition to general and clas-
sic filtering methods, we can also use the FKA method as a strong method in 
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filtering spatial structures and anomaly components, and, also, in separation 
of signal from noise. As the mathematical structure of FKA is similar to or-
dinary kriging, it can be shown that, in the same way, FKA can handle the 
problem of clustered data in non-uniform sampled fields, and also is general-
ized to n-dimensional space cases. The results of filtering anomalies in this 
research work are generally confirmed by geological findings from the study 
area. However, the accuracy of both FKA and UC methods in filtering 
anomalies in this case study should be judged when comprehensive or suffi-
cient information becomes available from the subsurface of the area. This in-
formation can be obtained from extensive subsurface geological studies, 
drilling operations, well logging interpretation as well as analyses of cores 
obtained from numerous wells drilled in the area. Due to the existence of 
very local changes in the basin characteristics revealed by the closeness of 
wet and dry wells, a more detailed exploration could be justified in the fa-
vorable zones of this basin. 
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