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Summary

Inverse theory was developed by scientists and has been used in different scientific
applications, such as geophysical tomography, image enhancement, curve fitting and
determination of earth structure from geophysical data. Inverse theory provides
mathematical techniques to obtain useful information about measurements (data). The
information resulting from inversion usually reveals some specific properties of the
geological structures, called model parameters. Inverse theory, in contrast to forward
theory, which predicts results of measurements on the basis of a suggested model relevant
to the problem, uses models that are adjusted and estimates the model parameters by
using the data and some general principles. It should be noted that inverse theory provides
information about unknown model parameters directly using measured data. In contrast to
forward theory, inverse theory doesn't provide a basis for the model itself. Recently,
considerable effort has been devoted to the explanation of gravity and magnetic
anomalies by employing data inversion in the spatial domain.

Three major types of gravity and magnetic data inversion are discussed in geophysical
literature. The first is "Inverting data for solving both physical and shape parameters". In
this case, the inverse problem is completely non-unique. The non-uniqueness of the
problem is visible in the two-dimensional section as a large number of well-defined local
minima, some of which are distinguished as unfeasible. In this class, unacceptable
solutions can be confined by specifying some of the model parameters. The second type
of gravity and magnetic data inversion is "Inverting data for solving physical parameters".
In this approach, the earth is divided into a limited number of cells of fixed size with
unknown physical parameters, such as density and magnetization. The non-uniqueness of
the solution is evident and algorithms have been developed to produce a single model by
minimizing an objective function. The third type of gravity and magnetic data inversion is
"Inverting data for solving shape parameters". In this class, physical parameters are
assumed to be known and nonlinear operators must be design to determine geometry of
the geophysical sources. However, geophysical inversion methods are most effective
when a linear operator is applied; thus, the problem is usually linearized about some
initial model and the inverse problem is solved iteratively.

This paper presents a robust, flexible and efficient algorithm to solve large scale non-
linear inverse problems in geomagnetic surveys (the third type of gravity and magnetic
data inversion). Considering the sensitivity of inverting magnetic data and the high level
of noise in data acquisition, the inversion of magnetic data should be performed using
advanced methods. These methods have high performance to handle noise data. The
method is iterative, and at each iteration a perturbation of model parameters in a P-
dimensional subspace of an M-dimensional model space are sought (the primary model is
updated using perturbation values of the model parameters at each iteration).

This style of iterative subspace procedure is well adapted to non-linear inverse
problems with many parameters and can be successfully applied to a variety of
geopotential problems. The gradient subspace algorithm utilizes a model of
parameterization in which the depth of each block is described as an unknown parameter.
Model parameters are allocated to separate subspaces on the basis of different physical
dimensionality (in this case, model parameters have the same physical dimension). Basis
vectors of P-dimensional subspace are extracted by the SVD of a Hessian matrix (the
second derivation of model parameters). M-dimensional model space is projected onto P-
dimensional subspace using basis vectors.
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If effective basis vectors are chosen for inversion procedures, the projected matrix is
accurate with respect to original one. In new and small dimensions, inversion can be
performed with great speed and is stable against noise. This procedure is very effective in
accelerating convergence and obtaining a more accurate solution. Also, the inversion is
robust with respect to data errors and poor initial estimations. The efficiency of the
method is compared with one of the conventional methods of inversion of non-linear
problems (Marquardt-Levenberg); the results show that the gradient subspace has fast and
stable convergence in comparison to its performance in the conventional method. The
practical effectiveness of this method is demonstrated by inversion of synthetic and real
examples. The real magnetic data is acquired over the MOGHAN area, in the northwest
of Iran. The results compared with those of seismic interpretation at the study area.

Key words: Magnetic data, modeling,

convergence, Marquardt-Levenberg
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TMF (nT) Calculated TMF Calculated TMF
No. | X (Location) | of Synthetic | 5% Noise (nT) (nT) in Iteration (nT) in Iteration
Model Number=1 Number=20
1 0.3 -69.6 2.8 -107.2 -65.6
2 0.8 -98.9 34 -17.1 -100.8
3 1.3 -108.3 22 -105.0 -106.8
4 1.8 -108.5 3.5 -110.1 -109.5
5 23 -105.7 3.2 -85.8 -102.5
6 2.8 -101.8 2.1 -67.6 -100.3
7 3.3 -97.2 5.2 -54.0 -102.7
8 3.8 -91.7 2.5 423 -86.7
9 43 -84.9 44 -33.6 -78.4
10 4.8 -76.0 2.0 -28.0 -72.0
11 53 -64.4 0.4 -23.7 -63.2
12 5.8 -50.6 2.6 -18.7 -51.2
13 6.3 -37.2 2.3 -123 -36.3
14 6.8 -23.8 3.7 5.2 -20.3
15 7.3 9.2 3.5 1.0 5.7
16 7.8 5.6 -1.8 6.6 7.8
17 8.3 20.1 2.4 12.4 21.1
18 8.8 33.1 0.7 18.6 335
19 9.3 45.8 -1.1 253 45.0
20 9.8 58.4 2.5 33.0 56.8
21 10.3 68.0 0.9 40.3 65.9
22 10.8 72.9 5.5 452 67.2
23 11.3 71.1 4.8 47.9 66.3
24 11.8 58.6 6.1 47.9 61.1
25 12.3 483 -0.2 422 49.1
26 12.8 323 8.0 24.7 36.4
27 13.3 43 -0.7 -7.0 3.6
28 13.8 -23.1 0.5 -36.6 -26.0
29 14.3 -37.2 2.8 511 352
30 14.8 -43.5 -0.5 -54.7 -47.8
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31 15.3 -48.7 -1.6 -50.7 -50.4
32 15.8 -40.4 43 -41.2 -41.6
33 16.3 -29.8 -2.6 -29.3 -32.4
34 16.8 -17.1 2.4 -15.8 -19.7
35 17.3 1.0 -1.5 -0.9 -1.5

36 17.8 19.2 23 14.1 17.4
37 18.3 32.0 2.6 27.4 304
38 18.8 42.7 -2.5 38.6 39.1

39 19.3 51.3 1.6 47.3 48.6
40 19.8 46.5 3.1 50.2 46.5
41 20.3 40.7 -3.2 44.7 34.8
42 20.8 27.4 1.1 28.3 25.0
43 21.3 1.1 -0.1 -1.0 -1.7

44 21.8 -25.2 -3.7 -30.8 -32.2
45 223 -38.4 -0.8 -46.7 -41.7
46 22.8 -44.0 -0.5 -51.8 -47.9
47 233 -48.6 -33 -51.0 -53.9
48 23.8 -39.7 -5.9 -44.2 -48.3
49 243 -28.5 -2.8 -33.1 -34.4
50 24.8 -15.1 0.0 -20.5 -18.2
51 253 4.0 -5.2 -1.5 1.4

52 25.8 23.6 3.8 4.7 21.8
53 26.3 38.6 -1.8 15.1 35.6
54 26.8 53.4 -6.3 26.2 47.9
55 27.3 70.7 0.3 40.5 68.9
56 27.8 83.8 4.5 56.9 91.6
57 283 92.9 0.2 73.6 88.7
58 28.8 99.5 0.5 92.6 106.5
59 29.3 104.0 -0.1 113.4 99.6
60 29.8 104.9 0.5 105.8 106.8
61 30.3 96.3 2.7 25.8 95.8
62 30.8 67.6 0.6 119.8 74.2
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