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2D modeling and inversion.of magnetic data of Shahmirzad region located on
Semnan province for depth and shape determination of iron-ore

Behrooz Oskooi'” and Mehrdad darijani*

! Institute of Geophysics, University of Tehran, Iran

(Received: 10 september 2011, accepted: 13 June 2012)
Summary

Geomagnetism has always been at the forefront among the various branches of
geophysics. In geomagnetics, we have different methods for estimating the depths and
shapes of the magnetic bodies in data interpretation. One of the essential and significant
methods to describe the geological complexity of earth’s crust is modeling of magnetic
data by inversion.

Modeling and inversion of the total magnetic field and its compliance with the basic
principle to minimize the cross-sectional area of the source bodies are described. The
software code, with an interactive graphical interface, operates in MATLAB
environment. The code of the inversion procedure is based on a least-squares algorithm,
according to a criterion of balancing the weight of the data inaccuracies and the
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compactness of the solution. The interpretation of magnetic data can sometimes involve
two steps, calculation of the direct problem (forward modeling) and solution of the
inverse problem (inversion). Forward modeling allows one to compute the theoretical
response due to the magnetic source bodies, assuming some hypothesis on the shape and
the volume of the magnetic body and the susceptibility contrast between the body and the
hosting environment. The analytical solutions to these problems are usually given for
bodies of simple shape and regular geometry. The inversion procedure considers the
observed profile data or gridded data and using an optimization procedure, estimates the
distribution of the susceptibility, shape and volume of the buried magnetic bodies. The
principle of the compact inversion involves minimizing the area of the source body,
which is the same as maximizing its compactness. Since most of the cases we deal with
are slightly underdetermined problems, we need to solve the inversion problem using the
least-squares method. The method consists of an iterative procedure .in which the
weighting matrices change in each iteration until a satisfying convergence of the solution
is obtained. The input parameters for the inversion procedure are: (1) the maximum
number of iterations, (2) the maximum allowed value of the susceptibility contrast, (3) the
noise-over-signal ratio (The model resolution is greatly affected by the choice of the
parameter of N/S). The choice of the iteration which offers the best fit is driven by the
minimum norm between the calculated and experimental data. A quasi-automatic
selection of the signal segments that could be considered as carrying information on the
targets was proposed (mask signal). We derived the inversion operator on those parts of
the signal that we called “*useful signal’’, i.e. the main anomalies.

In this study, we provided a method for ‘'magnetic data inversion to make 2D
susceptibility models of an area with a suitable potential of Iron-ore. We made use of a
2D inversion method to study the magnetic data of Shahmirzad located in Semnan
Province in Iran, to evaluate the hematite mineralization in the area. After data acquisition
and processing, we applied an automatic 2D inversion to two profiles. This algorithm was
based on the physical parameter distribution method. The subsurface beneath the profile
was divided into a great number of infinitely long horizontal prisms with unknown
susceptibilities. Solving.an underdetermined system of equations in MATLAB resulted in
a magnetic susceptibility distribution inside the earth which was related to the hematite
content of the rocks. Inversion results on the selected profiles have shown some anomaly
sources with trending east-west strike.

Finally, after the modeling and inversion and applying the mask signal method to two
profiles of Shahmirzad magnetic data, the models showed a steep anomaly in this region
with an average thickness of 10 m, a depth of approximately 5 to 25 m and 100 m long.
This iron-ore.contains hematite mineral with a susceptibility of 0.05, located in the
middle of the area of study between igneous intrusive masses and the sediments of
limestone.

Key words: Inversion, least-squares algorithm, mask signal, modeling, 2D model
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