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Introduction

The magnetotelluric method is a geophysical
method with a natural source that uses the surface
measurement of the electric and magnetic fields of the
earth to explore and identify subsurface structures. The
Earth's naturally varying electric and magnetic fields
are measured over a wide range of magnetotelluric
frequencies from 10,000 Hz to 0.0001 Hz. The
method can be used as a useful method in areas where
the application of seismic method is difficult due to
reasons such as severe topography of the area and the
existence of large underground cavities. In the last
decade, electromagnetic methods and MT specially
have been used in the exploration of hydrocarbon
reservoirs [1].

In Iran, MT method has also been applied in oil and
gas exploration. MT survey was used in Gachsaran
region in order to detect hydrocarbon structures. The
model obtained by inversion showed the top of Asmari
formation and anticlinal structures with good accuracy
[2]. Magnetotelluric exploration was applied in the
western Kope Dagh in 2008.The aim of this research
were modeling and interpretation of magnetutelluric
datato detect the hydrocarbon structures. The resistivity
sections show a clear picture of the resistivity changes
both laterally and with depth [3].

In the present work, for processing time series data

Accepted: June/14/2021

from Kashan area, the SSMT2000 software provided
by Phoenix Geophysics Company was used. In the
next step, by calculating the values of the impedance
tensor (Z), the values of apparent resistivity and phase
in the frequency domain are determined. After that,
conjugate gradient and Lanczos inversion algorithms
are implemented on synthetic and real data. Finally, to
validate the results of the inverse modeling, the models
recovered were compared with geological section.

Materials and Methods

The optimization process includes minimizing an
objective function in order to achieve an optimal
solution for the inverse problem. Iterative methods
are commonly used for the optimization of nonlinear
inverse problem [4]. In this study, we employed
the fast iterative method of LB for 2D MT data. In
addition, we tested CG method for the data to provide a
comparison for LB. Both of them are iterative methods
for approximate solution of large-scale and sparse
linear system of equations. The objective function can
be expressed as:

P(m)=¢(m)+A% (m) (1
where ¢(m) is the misfit functional, s(m) is the
stabilizing functional, and A is the regularization
parameter. After minimization of Equation (1), the
following equation can be written:
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Am =(J7 T+ AW W) T Ad 2)
where J is the jacobian matrix (matrix of first order
partial derivatives), W is the Laplacian (second-order)
operator and Ad is the error vector which refers to the
difference between predicted and observed data [5]. In
the process of inversion, firstly Ad and the Jacobian
matrix (J) are computed using an initial model (m,)
which has been specified as a column vector of zero
elements; then the stop criterion for the inversion is
controlled. The iteration cycle will be stopped when
the RMSE due to difference between observed data
and model response is equal or less than the RMSE
due to added noise. The model is updated using the
changes in the estimated model:

my, =m, +Am 3)
Equation 2 can be solved using the least squares

method:
N
Am —

w
To update the model parameters and estimate their
changes, the LB method was used. In this algorithm, the
equation is replaced with a dimensionally reduced one;
afterwards, the new equation is solved using the well-

known approaches such as the least squares inversion.

2

Ad

0 4)

min

2

Choosing the Regularized Parameter
In inverse modeling, we try to have a good estimate
of the regularization parameter. However, it is

not easy to find the best one. Large values for the
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regularization parameter would apply more constraint
or regularization to the solution and give poor resolution
of the parameters. On the other hand, too small values
of the parameter may be harmful to the stability of
the inversion. An intermediate value must be chosen,
compromising the resolution and the stability. This
approach, however, neglects the fact that each parameter
is not equally resolvable. Hence, varying the parameter
is preferred to get both the resolution and the stability
as the inversion converges [6]. Though, this approach
can make the inverse problem more accurate than when
using a fixed regularization parameter. An alternative to
varying the parameter as the iterations proceed is to use
the spatially varying regularization parameter [7]. The
spatially variable regularization parameter algorithm
which is called ACB (Active Constraint Balancing) was
first introduced by Yi et al [8].

Inversion of Synthetic Data

In order to test the inversion method, a simple synthetic
model consists of two different rectangular blocks was
simulated. One of the blocks has 2x4 km dimension
with an apparent resistivity of 10 Q.m which is buried
at 2.5 km depth. While, the other one has 4x1.5 km
dimension with an apparent resistivity of 100 Q.m
which is buried at 1 km depth. For both of them a host
medium with an apparent resistivity of 50 Q.m is used.
Random Gaussian noise with a standard deviation of
2% of the data amplitude was added to the data. The
results obtained are seen in Figures | and 2.
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Fig. 1 The performance of the introduced methods for TM mode inversion of the synthetic example.Recovered models obtained
by LB and CG methods are shown in (a) and (c), respectively. In addition, RMS of the models are presented in (b) and (d) for

LB and CG, respectively
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Fig. 2 The performance of the introduced methods for TE mode inversion of the synthetic example. Recovered models obtained
by LB and CG methods are shown in (a) and (c), respectively. In addition, RMS of the models are presented in (b) and (d), for

LB and CG, respectively.



Inversion of Real Data

The data from the Kashan area has been collected
along a profile in northeast-southwest direction with
60 km length and 276 stations which the distance
between the stations is 200 m. For each station
horizontal components of magnetic and electric fields
have been recorded. To obtain geophysical model of
Kashan area from inversion of the collected data, LB
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and CG algorithms were employed. Figure 3 shows the
inversion results of real data. The apparent resistivities
and phases obtained by LB are in better fit with the
observed data than those obtained by CG. TM mode,
a more reliable model from the subsurface structure
retrieved by LB that was more closely in agreement
with geology information of the zone compared to that
achieved by CG.
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Fig. 3 The models of TM mode inversion of the field data recovered by CG algorithm (a) LB method (b) and geological section

of the selected profile in the study area (c)

Conclusions

In this paper, the lanczos method is developed for
two-dimensional inversion of magnetotelluric data.
According to the results obtained for the inversion
technique, the proposed method performed faster and
better (in terms of quality of the results) for synthet-
ic data compared to the other method (CG). We also
applied the proposed method to real MT data of the
Kashan area. The results of the inversion modeling ob-
tained by LB indicate that the method is able to detect
almost the exact positions of the available faults along
the profile, Formations of the zone, upper boundary
of Qom Formation and the anticline very well. From
comparing seismic section and inverse modeling of the
MT data, the conclusion can be drawn that the results
of the MT method can be used for filling the lack of
geological information of seismic survey.
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