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Abstract vi

Abstract 

 

In this thesis the mathematics of the potential field gradient tensor is thoroughly reviewed and 

the inter-relationships between the various components and quantities are established.  

Numerical forward modelling of 3D regolith scenarios is undertaken, showing that current 

instrumentation for measuring magnetic gradients is useful for near-surface exploration.  

Gravity gradiometry is only able to detect relatively large contrasts in density, and does not 

offer the same small-scale resolution as magnetic gradiometry.  I examine the magnetic case 

further by incorporating surface measurements of magnetic susceptibility.  These data are 

highly variable, and forward modelling shows while gradiometry is useful for regolith 

exploration, interpretation is difficult due to the high level of geological noise. 

 

I have tested new and standard filters as tools for extracting information from gradient tensor 

data.  This includes boundaries between geological units and possible mineralisation 

positions.  New techniques developed involve calculating an Analytic Signal for the entire 

gradient tensor, and forming multiplicative combinations of the individual gradient tensor 

components.  The determinant and inverse of the gradient tensor 3 × 3 matrix can also yield 

useful information pertaining to source position and geological boundaries.  These are 

illustrated by means of synthetic data examples. 

 

Examination of inversion techniques on gradient tensor data illustrates that single component 

inversion is comparable in the quality of the final result to a multi-component inversion, albeit 

much faster.  Eigenvalues and eigenvectors of the full tensor produce information about depth 

and direction, although interpretation must be taken with care.  I have developed an inversion 

routine to locate magnetic dipole sources, and illustrate how it produces multiple solutions to 

a problem, and how it is not possible to unambiguously determine which of these is correct.  

A new inversion routine was therefore developed. 

 

This new hybrid global inversion routine is an automated technique to locate a generalised 

magnetic multipole.  It can locate dipole and quadrupole (and some octupole) sources 

successfully, and be used either in real time as data is being collected, or as post-processing 

on an entire data set. 
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