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ABSTRACT
In this paper, we have used the window curves method to simultaneously determine the
shape factor and the depth of a buried structure from third moving average residual
gravity anomalies. The method involves using a relationship between the shape factor
and the depth to the source, and a combination of windowed observations. This method
can be applied not only to "true residuals" but also to the Bouguer gravity data
consisting of the combined eect of a residual component due to a purely local structure
and a regional component represented by a deep-seated structure. The method is applied
to theoretical data with and without random errors and tested on a known ®eld example
from the U.S.A. In all cases, the shape and depth solutions obtained are in good
agreement with the actual ones.
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INTRODUCTION
The main purpose of gravity surveys is to map rocks possessing lateral density
variations within the Earth's crust and/or the upper mantle which cause
anomalies in the intensity of the Earth's gravity ®eld. Pro®les of gravity
anomalies are usually used qualitatively to help in regional geologic
interpretation. Often the existence of interfering sources is a problem in the use
of quantitative methods of evaluation (Abdelrahman et al. 2001a). It is under
these circumstances that the interpretation of gravity data must involve removal
of unwanted ®eld components to isolate the desired anomaly which is known as
regional-residual separation. This operation includes graphical methods
(Nettleton, 1976), least-squares techniques (Abdelrahman et al. 1985), and
radial weight methods (Grin 1949). The derived residual and regional gravity
anomalies are then geologically interpreted to estimate the shape and depth of
the buried structure, often without accounting for the uncertainities introduced
by the separation process. When the above techniques are applied to observed
data, they may distort the shape of the gravity anomalies. Thus residual and
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regional gravity anomalies generally yield unreliable geological interpretation
(Hammer 1977).
To overcome the above diculties, several methods have been developed to
estimate the shape and depth of the buried structure from gravity data.
Abdelrahman and El-Araby (1993) show that correlation factors between
successive least-squares residual gravity anomalies can be used to estimate the
depth and shape of the buried structure. Abdelrahman and El-Araby (1996) and
Abdelrahman et al. (2001b) indicate that the window curves method can be used to
simultaneously determine the shape and the depth of the buried structure from
®rst and second moving average residuals obtained from gravity data using
successive window lengths. The accuracy of the result obtained by the methods of
Abdelrahman and El-Araby (1996) and Abdelrahman et al. (2001b) depends on
the degree of complexity of the regional gravity ®eld present in the data. However,
eective quantitative procedures using also the window curves method from the
third moving residual gravity anomalies are yet to be developed. The advantage of
using the third moving average method over the ®rst and the second ones is that it
can adequately remove the gravity eect of the deep-seated structure and
determine the correct parameters of the shallow structure.
The aim of the present study is to develop a simple method for analysis of
gravity data due to the discrete sources. The analysis stems from third moving
average residual calculations that can be used to determine the shape and depth of
the causative bodies using the window curves method. The validity of the method
is tested on theoretical examples and a ®eld example from Texas, U. S. A.

FORMULATION OF THE PROBLEM
The general gravity anomaly expression produced by a semi-in®nite vertical
cylinder, a horizontal cylinder, and a sphere is given by Abdelrahman and ElAraby (1993) as
g xi ; z; q 

A
;
x2i  z2 q

1

where q is the shape (shape factor ), z is the depth, x is the position coordinate,
and A is an amplitude coecient related to the radius and density contrast of
the buried structure. Examples of the shape factor for the semi-in®nite vertical
cylinder, horizontal cylinder, and sphere are 0.5, 1.0, and 1.5, respectively.
The moving average (grid) method is an important yet simple technique for the
separation of gravity anomalies into residual and regional components. The basic
theory of the moving average methods is described by Grin (1949), Agocs (1951),
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Abdelrahman and El-Araby (1996), and Abdelrahman et al. (2001b).
Let us consider seven observation points (xi 3s, xi 2s, xi s, xi , xi  s,
xi  2s, and xi  3s) along the anomaly pro®le where s  1; 2; :::; M spacing
units and is called the window length. The ®rst moving average regional gravity
®eld Z xi ; z; q; s is de®ned as the average of g xi s; z; q and g xi  s; z; q,
which for the simple shapes mentioned above can be written as
Z xi ; z; s 

An
xi
2

s2  z2 

q

 xi  s2  z2 

q

o
:

2

The ®rst moving average residual gravity anomaly R1 xi ; z; q; s at the point xi
is de®ned as (Abdelrahman & El-Araby 1993).
R1 xi ; z; q; s 
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The second moving average residual gravity anomaly R2 xi ; z; q; s at the
point xi is (Abdelrahman et al. 2001b)
R2 xi ; z; q; s 
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The third moving average residual gravity anomaly R3 xi ; z; q; s at any point
xi is
R3 xi ; z; q; s 
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For all shape factors (q), (5) gives the following value at xi  0
A

10z

2q

15

s2



z2  q

4R3 0
 6 4s2  z2 

q

9s2  z2  q 

:
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Using (5) and (6), we obtain the following normalized equation at xi  s

26 s2  z2 
R3 s

R3 0
20z

q
2q

16 4s2  z2  q  6 9s2  z2  q 15z 2q 16s2  z2 
30 s2  z2  q  12 4s2  z2  q 2 9s2  z2  q 

q

: 7
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Equation (7) is independent of the amplitude coecient (A). Let
F  R3 s=R3 0. Then from (7) we obtain


1=2q
15
;
z
F  P s; z; q  W s; z; q

8

where

P s; z; q  20z

2q

30 s2  z2 

q

 12 4s2  z2 

q

2 9s2  z2  q ;

and

W s; z; q  16 4s2  z2 

q

6 9s2  z2 

q

 16s2  z2 

q

26 s2  z2  q :

Equation (8) can be used not only to determine the depth but also to
simultaneously estimate the shape of the buried structure, as will be illustrated
by theoretical and ®eld examples.

THEORETICAL EXAMPLES
Noise free data
The composite gravity anomaly in mGals of Figure 1 consisting of the combined
eect of a shallow structure (horizontal cylinder with 3 km depth) and a deepseated structure (dipping fault with depth to upper faulted slab = 15 km, depth
to lower faulted slab = 20 km, and dip angle of fault plane = 50 degrees) was
computed by the following expression
g1 xi  

200
x2i 32 

 100 tan

1 xi 5

15

cot 50 

(horizontal cylinder + dipping fault)

tan

1 xi 5
20

 cot 50 
(9)

The composite gravity ®eld g was subjected to our third moving average
technique. The third moving average residual value at point xi is computed from
the input gravity data g xi  using the following
R3 x i  

20g xi  15g xi  s 15g xi s  6g xi 2s  6g xi  2s g xi  3s g xi 3s
: 10
8
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Fig.1. Composite gravity anomaly (g1 ) of a buried horizontal cylinder
and a dipping fault as obtained from (8).

Five successive third moving average windows (s= 2, 3, 4, 5, and 6 km) were
applied to input data. Each of the resulting moving average pro®les was
analyzed by (8). For each window length, a depth value was determined
iteratively for all shape values, and a window curve was plotted, illustrating the
relation between the depth and shape. We also applied the ®rst moving average
method (Abdelrahman & El-Araby 1993) and the second moving average
method (Abdelrahman et al. 2001b) to the same input data generated from (9).
The results in the case of using ®rst, second, and third moving average
techniques are shown in Figures 2, 3, and 4, respectively.
In the case of using the ®rst moving average technique, the window curves
intersect at a narrow region where 0.55>q>0.05 and 2.5 km>z>1.8 km
(Figure 2). The central point of this region occurs at the location q= 0.26 and
z= 2.1 km. On the other hand, in the case of using the second moving average
technique, the curves intersect each other nearly at a point where q= 0.75 and
z= 2.7 km (Figure 3). Finally, in the case of using the third moving average
method (present method), the curves intersect each other at the correct locations
q= 1.03 and z= 3.05 km (Figure 4). From these results (Figures 2-4), it is
evident that the ®rst and the second moving average methods give erroneous
results for the shape and depth solutions, whereas the model parameters
obtained from the third moving average method are in excellent agreement with
the parameters of the shallow structure given in model (9). The conclusion is
inescapable that the third moving average technique gives the best result.
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Fig.2. Family of
window curves of z
as a function of q
for s  2; 3; 4; 5, and
6 km as obtained
from gravity
a n o m a l y ( g1 )
using the ®rst
moving average
method. Estimates
of q and z are,
respectively, 0.26,
and 2.1 km.

Fig.3. Family of
window curves of z
as a function of q
for s  2; 3; 4; 5, and
6 km as obtained
from gravity
a n o m a l y ( g1 )
using the second
moving average
method. Estimates
of q and z are,
respectively, 0.75,
and 2.7 km.
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Fig.4. Family of window curves of z as a function of q for s  2; 3; 4; 5, and 6 km
as obtained from gravity anomaly (g1 ) using the present third moving average method.
Estimates of q and z are, respectively, 1.03, and 3.05 km.

Eect of random noise
Random errors were added to the composite gravity anomaly g1 xi  to
produce noisy anomaly. In this case, we choose a white random noise with
amplitude being 5% of the maximum amplitude variation along the entire
pro®le, so that the noise will be equal along the pro®le. The noisy anomaly is
subjected to a separation technique using only the third moving average
method. Five successive third moving average windows were applied to the
noisy input data. The results of adapting the same interpretation procedure
are shown in Figure 5.
Figure 5 shows that the window curves intersect at approximately q= 1.09
and z= 2.98 km. The results (Figure 5) are generally in very good agreement
with the shape factor and depth parameters shown in (9). This indicates that our
method will produce reliable shape and depth estimates when applied to noisy
gravity data.
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Fig.5. Family of window curves of z as a function of q for s  2; 3; 4; 5; 6,
and 7 km as obtained from gravity anomaly (g1 ) after adding 5%
random errors to the data using the present third moving average
method. Estimates of q and z are, respectively, 1.09, and 2.98 km.

Extension to a more complex shape
Consider, for example, the gravity ®eld
g2 xi   15 tan

1

1  xi

5

tan

1

1

xi

 

15000

;
11
 202 3=2
2-D prism with rectangular cross-section + sphere
5

x2i

which represents a composite gravity ®eld consisting of the combined eect of a
residual component caused by an in®nitely long, horizontal, material plane belt
which is used to substitute for a 2-D prism (depth to the center = 5 km and
width = 2 km) and a regional component due to a sphere having a depth of 20
km (Figure 6). Adopting the same procedure used in the above examples, the
results are shown in Figure 7. It is clear from Figure 7 that the window curves
intersect each other approximately at a point where z= 5.1 km and q= 0.87.
These results suggest that our interpretation method may be extended to infer a
distinction in shape between an in®nitely long, horizontal, material plane belt,
and a horizontal cylinder.
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Fig.6. Composite
gravity anomaly
(g2 ) of a buried
in®nitely long,
horizontal, material
plane belt and a
sphere as obtained
from (11).

Fig.7. Family of
window curves of z
as a function of q
f o r s  2; 3; 4; 5; 6,
and 7 km as
obtained from
gravity anomaly
( g2 ) u s i n g t h e
present third
moving average
method. Estimates
of q and z are,
respectively, 0.87,
and 5.1 km.
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FIELD EXAMPLE
A Bouguer gravity anomaly pro®le along AAÂ of the gravity map of the Humble
Salt Dome near Houston (Nettleton, 1962, Fig. 22) is shown in Figure 8. The
gravity pro®le has been digitized at an interval of 0.26 km. The Bouguer gravity
anomalies thus obtained have been subjected to a separation technique using the
third moving average method. Filters were applied in four successive windows
(s= 2.60, 2.86, 3.12, and 3.38 km). In this way, four third moving average
residual anomaly pro®les were obtained (Figure 9). The same procedure
described for the synthetic examples was used to estimate the shape and the
depth of the salt dome. The results are plotted in Figure 10. Figure 10 shows
that the window curves intersect at a point where the depth is about 4.95 km
and at q=1.41. This suggests that the shape of the salt dome resembles a sphere
or, more exactly, a three-dimensional source with a hemispherical roof and root.
This result is generally in good agreement with the dome form estimated from
drilling top and contact (Nettleton, 1976; Figure 8-16).

Fig.8. Observed gravity pro®le of the Humble Salt Dome,
near Houston, TX, U.S.A. (From Nettleton 1962)
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Fig.9. Third moving
average residual
gravity anomalies
on line AAÂ of the
Humble salt dome,
for s= 2.60, 2. 86,
3.12, and 3.38 km.

Fig.10. Family of
window curves of z
as a function of q
for s= 2.60, 2. 86,
3.12, and 3.38 km as
obtained from the
Humble gravity
anomaly pro®le
using the present
approach. Estimates
of q and z are,
respectively, 1.41
and 4.95 km.
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CONCLUSIONS
The problem of determining the shape and depth from gravity data of long or
short pro®le length can be solved using the present window curves method for
simple anomalies. The window curves method is very simple to execute and
works well even when the data contains noise. The method involves using simple
models convolved with the same third moving average ®lter as applied to the
observed gravity data. As a result, our method can be applied not only to
residuals but also to measured gravity data. The advantages of the third moving
average method over the ®rst and the second moving average techniques are: (1)
the method adequately removes the regional ®eld due to deep-seated structure
from gravity data and (2) the method can be applied to large grided data.
Theoretical and ®eld examples have illustrated the validity of the method
presented.
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