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Edge detection of potential field data using Theta maps
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Summary

Potential field images obtained in potential field data measurements are appropriate tools
to explore mineral and hydrocarbon resources. These images consist of different
anomalies which in many cases are contaminated with noise. The horizontal location of
the boundaries of the potential field anomaly sources is a frequently requested job in
potential field interpretations. However, the edge of the potential field sources is not
clear-cut as the anomaly shape is not of enough resolution with respect to the shape of
their sources.

Edge enhancement in potential field data helps geologic interpretations and
investigating the structural setting of a region as well as environmental and engineering
applications. Edge enhancement is a procedure, applied to the potential field data to
produce regions of constant field amplitude separated by sharp boundaries as an aid to the
interpretation.
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There are many methods to enhance the edges of potential anomalies, most of which
are high-pass filters based on the horizontal or vertical derivatives of the field. Vertical
derivatives have been used for many years to enhance the measured gravity field.
Measures of the local phases of the potential fields can be a useful aid to edge detection.
An alternative approach to the conventional phase filter is the tilt angle. The tilt angle is
the ratio of the first vertical derivative to the horizontal gradient and is effective in
balancing the amplitudes of the different anomalies, but it is not primarily an edge-
detection filter. The total horizontal derivative of the tilt angle (THDR) successfully
delineates the edges of the largest amplitude anomaly, but its results for the deeper bodies
are less impressive. The most interesting characteristic of all these methods is that it is
possible to get quantitative results on gridded data with only a few assumptions. One of
the main limitations to making a good estimate of the boundary position of a source are
interference effects caused by nearby sources, especially when they are deep-seated.
Comparing different filters in order to detect the local phase edges, Pilkington and
Keating (2004) showed that these filters cannot enhance all of the parameters of
discontinuities.

The theta-map method is presented here as a high-resolution boundary-analysis
technique. Theta is the angle between the analytical signal and its horizontal component.
The theta map uses the analytic signal amplitude to normalize the total horizontal
derivative. This filter enhances the edges of anomalies of all azimuths.

We tested the efficiency of this method on both synthetic and real data. We selected
two nearby sources with different depths as a synthetic model. We also tested the method
against gravity data over Trompsburg complex located in the Free State Province, South
Africa. Trompsburg Complex is roughly circular in shape, a layered mafic intrusion, with
a diameter of nearly 50 km.

Results show that the theta-map method can enhance the edge of a deeper anomaly
better than the tilt-angle or the total horizontal derivative of the tilt angle methods. Also,
the anomalies edge detection by the theta-map method is more accurate than the two other
methods. This method has a better resolution than two the other mentioned methods.

Keywords: Potential field, edge detection, tilt angle, total horizontal derivative of the tilt
angle, theta map
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