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Introduction
Potential field and gradient transformations facilitate geologic interpretation by transforming the 
observed data into various new forms. Direct measurements are sometimes either inaccurate, or 
expensive, or even impossible. The popular FFT transformation algorithms are prone to noise and 
require uniform data spacing.  

When the computational domain is large enough, the infinite double integrals for component 
transformations can be approximated by definite double integrals and solved by the spline 
technique. The downward continuation is accomplished by solving Fredholm integral equations of 
the first kind using the spline bases.  

Techniques and Applications
1. Component Transformations
Potential field and gradient component transformations are necessary to meet the needs of many 
data enhancement, direct interpretation, and inversion techniques in which the required 
components are either not measured or are inaccurate. We briefly present the theory here. 

Let ),,( zyxU  be the potential, ),,( zyxf  be the potential field, ),,( zyxT�  be the total-field magnetic 

anomaly, and ),,( zyxijD  be the potential-field gradient tensor. For the 3D case, only five of the 
nine components of the gradient tensor are independent. Integral relations on a horizontal surface 
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between the vertical component of a potential field or gradient and the horizontal components of 
the potential field or gradient from arbitrary sources are 
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where zV  can be zf , z
T

�
��

, or izD ; xV  can be xf , x
T

�
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, or ixD ; and yV  can be yf , y
T

�
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, or iyD ;
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When the computational domain is large enough, each infinite double integral can be 
approximated by a definite double integral and solved by the spline technique (Wang, 2006). For 
example,
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2. Downward Continuation
Downward continuation transforms the potential field and gradient measured on one surface to 
the field that would be measured on another surface closer to the sources. Although it is an 
inherent ill-posed inverse problem, downward continuation can relatively enhance the effects of 
shallower, smaller sources. It can also increase the resolution and provide useful information for 
further interpretation. When it is necessary to merge or compare potential field or gradient data 
measured at different altitudes, downward continuation provides a way to transform individual 
surveys onto a common surface. 

The new downward continuation technique is accomplished by solving Fredholm integral 
equations of the first kind in the space domain using the spline bases. The technique is robust and 
can stably downward continue data over much larger distances than can the standard FFT 
technique.

3. Applications
We present examples to show how the spline-based component transformations can verify the  
quality of real potential field or gradient data, and can meet the needs of direct interpretation and 
inversion techniques. We also show downward continuation examples using airborne potential field 
or gradient data and compare them with ground data.  

AAPG Search and Discovery Article #90168©2013 CSPG/CSPE GeoConvention 2007, Calgary, Alberta, Canada, May 14-17, 2007



Conclusions 
The results of spline-based component transformations and downward continuation of potential 
field and gradient data, both synthetic and real, show that the spline-based algorithms are 
accurate, noise-tolerant and practical. Data spacing can be either regular or irregular. 
Comparisons with theoretical data show that the spline-based algorithms are significantly more 
accurate and less noisy than the FFT approaches; the spline-based techniques have higher 
resolution and smaller edge effects than the FFT approaches. Thus, the spline techniques are 
likely to lead to a better interpretation and understanding of the sources of the potential field and 
gradient than the FFT techniques. 
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