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Summary

Magnetic data is routinely presented as contours or color-shaded maps of the total
magnetic intensity (TMI). An interpreter’s task is to identify features (anomalies) within
the map and qualitatively and/or quantitatively interpret them into geologic structures at
depth. An interpretation difficulty with TMI anomalies is that they are dipolar (anomalies
having positive and negative components) such that the shape and the phase of the
anomaly depends in part on the magnetic inclination and the presence of any remanent
magnetization. This anomaly complexity makes the interpretation more difficult because
the body and its edges do not necessarily coincide with the most obvious mapped feature
(e.g., anomaly maxima). The reduction-to-the-pole (RTP) technique transforms TMI
anomalies to anomalies that would be measured if the field were vertical. This RTP
transformation makes the shape of magnetic anomalies more closely related to the spatial
location of the source structure and makes the magnetic anomaly easier to interpret, as
anomaly maxima will be located centrally over the body.

Since the early 1970s a variety of automatic or semiautomatic methods, based on the
use of the horizontal and/or the vertical gradients (derivatives) of potential-field
anomalies, have been developed as efficient tools for the determination of the geometric
parameters, such as the locations of the boundaries and the depths of the causative
sources. The success of these methods results from the fact that quantitative or semi-
quantitative solutions are found with no or few assumptions. To map the edges of the
bodies, the horizontal derivatives of the RTP field are often used. The horizontal
derivative will peak above a vertical contact. However, a dipping contact, an incorrect
inclination used in the RTP transformation or presence of remanent magnetization, will
tend to shift the anomaly maxima away from the true location of the contact.

Vertical derivatives are used in the interpretation of potential field anomalies
extensively. This filter enhances the details and sharpens anomalies. However, difficulty
is that by this filter the noises are increased as signals are enhanced. This filter is
normally used with the first and second orders. However, vertical derivatives are recently
applied with a non —integer order, in order to produce a good equilibrium between signal
and noise. The analytic signal for magnetic anomalies was initially defined as a “complex
field deriving from a complex potential” (Nabighian,1972). This function can be
computed easily in the frequency domain; its real part is the horizontal derivative of the
field and its imaginary part is the vertical derivative. Analytic signal processing and
interpretation requires few initial assumptions regarding the source body geometry and
magnetization and is particularly efficient at an early stage of the interpretation even if the
constraints are not available. The amplitude of the 3-D analytic signal of the total
magnetic field produces maxima over magnetic contact regardless of the magnetization
direction. The “theta map” is a processing technique, derived from the analytic signal that
highlights the magnetic contact in a TMI image. The method is equally valid for data that
has been reduced to the pole or to the equator, but it was developed to process data
gathered at low magnetic latitudes, where traditional reduction to the pole is not
advisable. The theta map independently detects the edges of the strike and amplitude and
is thus the most valuable at low latitudes where north-south-trending anomalies disappear
in the TMI data. It can also be used to qualitatively estimate dip. The magnetic tilt angle
is a normalized derivative based on the ratio of the vertical and horizontal derivatives of
the RTP field. The tilt angle was first described by Miller and Singh (1994), before being
further refined by Verduzco (2004) and Getech. The value of the tilt angle above the
edges of the contact is zero. This suggests that contours of the magnetic tilt angle can
identify the location (6 = 0°) of the contacts.
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In this study, we applied the described filters on synthetic and real data that gathered
from the iron deposit in Robat Posht Badam in Yazd Province in Iran.

Key words: Edge detection, horizontal derivative, vertical derivative, analytic signal, tilt

angle, theta map
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