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Summary

An important problem in the interpretation of the magnetic data is the ability to
understand the characteristics of the anomalous bodies that are the sources of the
measured anomalies. A great deal can be interpreted by looking at the images of the
magnetic data and its spatial derivatives. A quantitative interpretation of the magnetic
data usually includes estimating dip, susceptibility, and most importantly, the depth to top
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of the sources of an anomalous magnetic response. Methods that exist for estimating
depth work either on data recorded along a profile or data interpolated onto a regular grid.
The advantage of the latter approach is that the resulting images are relatively simple and
quick to produce, show regional structural patterns at the area under study, and are easily
overlain on other geophysical and geological maps. However, many geophysical
practitioners prefer to interpret individual profiles because finer sampling intervals
generally lead to more accurate results. While this approach is considerably more
laborious than using gridded data as its input, a richer understanding of the geology is
resulted in this case. A variety of semiautomatic methods, based on using the derivatives
of the magnetic anomalies, have been developed for the determination of causative source
parameters such as boundary locations and depths. One of these techniques is the analytic
signal method for magnetic anomalies initially used in its complex function form. It
makes use of the Hilbert transform properties. Other methods for an automatic estimation
of the source depth using profile data include the Naudy method, Werner deconvolution,
Euler deconvolution, and the Phillips method. For these methods, the depth estimation
procedure is applied to each point along the line. At those points where a source is
detected, multiple solutions are returned, each based on a different assumed model. The
interpreter must choose one of these solutions based on its understanding of geology or
other complementary information from other geosciences data.

In recent years, we have shown the invention of some depth-estimation methods using
the local wavenumber quantity. This quantity is one of the three attributes derived from
the complex analytic signal. The local wavenumber is a spatial quantity (not to be
confused with the Fourier wavenumber) and is analogous to the instantaneous frequency
used in the analysis of temporal series. Thurston and Smith (1997) have employed the
local wavenumber to estimate the depth of 2-D thin sheets and contacts, using a priori
information (typically the judgment of the interpreter) to determine which model is more
appropriate. This method was subsequently generalized by introducing the concept of a
multimodel wavenumber (The term multimodel applies because this quantity gives the
same result disregard of the source being a horizontal cylinder, a thin sheet, or a contact).
However, in the case of dipping dyke model or slipping step model, the conventional
multimodel wavenumber is a combination of a bell-shaped function and terms dependent
on the dimensions of the source which complicate a quantitative analysis particularly the
depth estimation. To extend the applicability of this method, we must define a quantity
that has a bell-shaped functional form, but independent of the source dimensions, when
the source of the magnetic response is either a dipping thick dyke or a sloping finite step.

In this paper, we document a further broadening of the applicability scope to include
the dipping thick dykes and finite sloping steps by introducing an additional multimodel
wavenumber called improved multimodel wavenumber. As in Thurston and Smith (1997)
and Smith et al. (1998), we assume that the sources are two dimensional. We also present
a new method to estimate the source depth using profile data as input. This method is
based on the least-squares fitting of both the conventional and improved multimodel
wavenumber from different geometry sources.

We illustrate this technique using synthetic 2-D magnetic data from a dipping dyke
model and a slipping step model on a 150-km-long line of acromagnetic data from the
Northwestern part of Anarak quadrangle yielding two thick dykes between the depths of
2800 and 3000m. Using this solution as a starting point in the iterative forward modeling
exercise, the measured data were in reasonable agreement with the model.

Key words: Local wavenumber, multimodel wavenumber, dipping Dyke, slipping step, Anarak
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