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Analysis of gravity gradients over a thin infinite sheet 
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Abstract. A simple method to interpret gravity gradients over a thin infinite dipping 
sheet is discussed. The Hilbert transform is used to compute the vertical gradient from the 
horizontal gradiont of the gravity field. The method is illustrated with a theoretical 
example. 
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1. Introduction 

Application of Hilbert transform to geophysical data interpretation has been 
gaining importance recently (Nabighian 1972; Sundararajan et al 1983; Sivakumar 
Sinha and Rambabu 1985). Nabighian discussed in detail the characteristics of the 
amplitude of the analytic signal and the subsequent interpretation of the body 
parameters, exclusively based on certain characteristic points on the amplitude 
curve. Sundararajan et al (1983) discussed a novel and simple technique to extract 
the body parameters. The method of Sivakumar Sinha and Rambabu (1985) is 
similar to that of Nabighian's but is called 'complex gradient' analysis. 

Allthe above methods essentially make use of the Hilbert transform. We present 
a method for the interpretation of body parameters which also uses the Hilbert 
transform in a different way. 

2. Theory 

The geometry of the infinite thin dipping sheet is shown in figure 1 with h as the 
depth to the top, angle 0 as the dip and or as the density contrast. 

The horizontal and vertical derivatives of the gravity field of such an infinite 
dipping ~heet is given as (Sivakumar Sinha and Rambabu 1985) 

gx(X)=2Go-t(hc~ 
x2 + h 2 , (1) 

gh(X)=2Gtrt(xc~ 
x2 + h2 , (2) 

where G is the universal gravitational constant and t is the thickness of the sheet. 
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Figure 1. Computed horizontal and vertical gradients of tlte gravity field due to a thin 
infinite sheet. 

According to Nabighian (1972) the horizontal and vertical derivatives form a 
Hilbert transform pair. That is, the vertical derivative is the Hilbert transform of 
the horizontal derivative and is given by 

1 
gh(x) = * gx(x) (3) 

~ X  

where * denotes convolution. 

3. Location of origin 

The analytic signal or the complex field intensity or even the complex gradient can 
be defined as 

A (x) = F(x) + i l l (x) ,  (4) 

where F(x) and H(x)  necessarily be a Hilbert transform pair. Either they can be 
horizontal and vertical derivatives of any order or simply the gravity/magnotic field. 
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The amplitude of equation (4) remains a bell-shaped symmetric curve and the 
origin is attained at its maximum. 

4. Analysis 

Equations (1) and (2) reduce to the following form at x --- 0 as 

gx(O) = K cosO/h, 

gh (0) = -- K sin O/h, 

where K = 2G o-t. 
The dip of the sheet (0) can be evaluated from (5) and (6) as 

0 = t an- l  [_ gh(O)/gx(O)]. 

(5) 

(6) 

(7) 

Since (1) and (2) are of first degree in x, they ought to intersect at a point when 
plotted on the same scale, i.e. 

gx(x) = gh(X) at x ---- Xl. (8) 

Further simplication yields, 

h = x I [(sin 0 - c o s  0)/(sin 0+  cos 0)], (9) 

where Xl is the abscissa of the point of intersection of the derivatives. As 0 is known 
already, the depth h can easily be obtained. 

,At 0 = 45 ~ h = 0 which is not true in the real sense. It is a rare theoretical 
concept with no practical significance. 

Finally, squaring and adding (5) and (6) we get the constant term K as 

K =  [g~(O)2+gh(O)2] ~ .  (10) 

From (10), either tr or t can be evaluated. 
For a set of theoretical values of h, 0 and K, the derivatives are computed as 

shown in figure 1. According to the procedure developed here, the parameters 
namely 0, h and K are evaluated as shown in table 1. The assumed and interpreted 
values closely agree with each other. 

Table 1. 

0 h K 
Parameters (in degrees) (in meters) (in C G S units) 

Assumed 60.00 10-00 100.00 
values 

Present 60.00 9-65 96.66 
method 
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