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Abstract

Magnetotelluric (MT) method is an important passive surface geophysical method which
uses the Earth’s natural electromagnetic fields to investigate the electrical resistivity
structure of the subsurface. The depth of investigation of MT is much higher than that of
other electromagnetic (EM) methods (Vozoff, 1991). For a general conductivity
distribution in the Earth, the horizontal electric field components are related to horizontal
magnetic field components by the Impedance Tensor (Z):

Zxx ny
Z= (1)

Z,Z7Z,

Which shows vertical and horizontal variations of subsurface conductivity. Apparent
resistivity (p,) and phase (@) are the desired quantities which are calculated from

Impedance matrix by the following expressions:
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pai = _|Z1| .
no 1=xx,Xy,yXyy, DET (2)
¢; = phase(Z;)

K, and ® are free space permeability and angular frequency. DET is determinant data.

Time series are measured in frequency interval of 0.001-1000 Hz and frequency spectra
are used to estimate the Impedance Tensor as a function of frequency.The Impedance

Tensor determinant (or effective impedance),Z, ., is as below (Berdichevsky and
Dmitriev, 1976):

ZDET = \/Zxxzyy - nyzyx (3)

The advantage of using the determinant data is that it provides a useful average of the
impedance for all current directions. Furthermore, no mode identifications (transverse
electric, TE mode: current in parallel with the strike; or transverse magnetic, TM-mode:
current perpendicular to the strike) are required, static shift corrections are not made, and
the dimensionality of the data is not considered, since the effective impedance is believed
to represent an average that provides robust 1D and 2D models.

MT data are as time series and information of the subsurface structure cannot be
given. Then, MT data must be processed to be prepared for the inversion and
interpretation. In the following sections, a review of MT processing steps consisting of
time series analysis and also steps called manual processing is presented.

The analysis of the time series: The main problem in the processing of the MT data is
that the field observations (raw data) are as time series (figure 1) but the basic theories are
in the frequency domain. In this section, an explanation is given to how a single spectral
matrix is computed from a specific time series section for all target frequency lines.

Transformation into frequency domain: The time series of each channel (2 electric
field components and 3 magnetic field components) are transformed to the Fourier series
by FFT (Fast Fourier Transform). Depending on the sampling rate in the specific
band and the adjusted section length, different resolution and frequency ranges are
achieved.

The trend elimination: Before applying the Fourier transform, the raw data is
processed with trend elimination. The trend elimination removes a possible systematic
deviation from the x-axes. The mean value is set to zero and a straight line in the data
(trend) which differs from the x-axis is removed. Figure 2 illustrates the trend elimination
procedure.

The window function (windowing): After the trend elimination, the multiplication of
the time series with a window function (windowing) follows. This is necessary in order to
suppress side effects (discontinuities are generated at the edges) at the FFT and to obtain
an optimum sharp mapping of the frequency spectra.

The fast Fourier transform (FFT): After the time series has been treated with the trend
elimination and the windowing the fast Fourier transform (FFT) is applied to the data.
The given time series has now been transformed into the frequency domain. All the
further steps of computation are done with spectral data.

The calibration of spectra: When registrating the time series, the data is affected by the
transfer function of the measurement instruments. In order to eliminate this influence, the
data must be calibrated. The spectra are multiplied by the reciprocal of the transfer
function of the measurement system and by this means almost “cleaned” from the
influence of the instruments.
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The computation of the Cross and Auto Spectra: For each target frequency the cross
and auto spectra are computed from the calibrated spectra. Each of these values results
from the sum of spectra over all frequency lines within a window where its middle the
target frequency is located. This procedure is repeated for all other target frequency lines.
Figure 3 shows an overview about the first part of data analysis.

Data display and using other processing techniques: After the first steps of data
analysis, the MT data are shown as apparent resistivity and phase. To exemplify, one of
these data (MT survey in Inche-Boron area) is shown in figure 4.

In addition to than these steps, some manual processing (like: Outliers elimination,
Topographic effects correction and static shift correction) must be done on the data.

Outliers are the data values which do not obey the data curve direction. These data are
distinct and must be removed. Figure 5 shows an example of Outliers elimination
procedure.

Topographic characteristics force the currents to flow in patterns other than those of
flat areas and affect both magnetic and (especially) electric fields. Thus, impedances are
affected too. Nowadays, topographic effect correction is done using several computer
programs.

Static shift is one of the disorders that arise from shallow conductors; therefore static
shift must be corrected as one of the MT data processing steps. In the absence of
sufficient information about the near surface distortions, which is usually provided by
extra work like TEM and VES, one has to consider the determinant data for the inversion
to avoid any misinterpretation. Thus, we can use the determinant data as an effective
replacement for the static shift correction.

Conclusions: The MT data must be processed to be prepared for the inversion and
interpretation. These data are acquired in the time domain and therefore the process of the
time series (consisting of trend elimination, windowing, transformation to the frequency
domain by FFT, calibration of spectra and also computation of the cross and auto spectra)
is carried out as the first steps of MT data analysis. After displaying the data as apparent
resistivity and phase, some manual processing (like: Outliers elimination, Topographic
effects correction and static shift correction) are done on the data. Correct process of the
MT data as mentioned before helps us to find the actual subsurface models and therefore
doing them is recommended before inversion and interpretation of the data.
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