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Abstract

In 1997-1998, a three-dimensional MT survey has been carried out
over a volcanic area in Japan called Minami-Noshiro by Japan National
Qil Corporation. Minami-Noshiro area is located in the northern part of
Akita prefecture, northeastern Japan and represents the northwestern
margin of the Akita oil field. This paper demonstrates the application of
magnetotelluric (MT) method for hydrocarbon exploration to determine
the subsurface electrical resistivity structure in this area. In particular,
results of analysis of the impedance tensor, which describes the
relationship between the electric, and the magnetic field components are
presented. Moreover, results of advanced interpretation techniques of
one-dimensional (1-D) and two-dimensional (2-D) inversions are
documented. Processing and analysis of impedance tensor of the
magnetotelluric data revealed a regional strike of N30'E and high
conductive zones distribute at lower crustal levels beneath the study
area. Also, one-dimensional inversion of the invariants at each site
indicates that a number of low-resistivity zones exist in the sedimentary
formations. As well as, there is a good agreement between the results of
1-D models and well logging data. Interpretation of the geomagnetic
transfer functions was also made in terms of a two-dimensional inversion
of TE (transverse electric) and TM (transverse magnetic) resistivity
along three W-E profiles (lines 400, 500 and 900). These lines are
parallel to the geologic section in the study area. The results obtained
from two-dimensional inversions indicate that high conductive zones are
detected at different levels of the resistivity sections with various
thicknesses from west to east.

Keywords: Magnetotelluric (MT) method, Minami-Noshiro oil field, 1-D
and 2-D inversions, Well logging data, Electrical resistivity
structure

1. Introduction

Measurements of the earth’s natural electric and magnetic fields are used to infer the
subsurface electrical resistivity that can be related to rock units. Also, rotational invariants of
the magnetotelluric (MT) impedance tensor have long been used to provide information about
the underlying geoelectric structure. Well-known examples are the Berdichevsky and
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determinant impedances *20-1%17 " which were introduced to represent in some sense an
‘average impedance’ from which a 1-D interpretation of the structure could be deduced. The
MT method is a common technique for imaging deep electrical structure because it has
capability to detect high conductive zones and it is able to image structures from a few tens of
meters to hundreds of kilometers into the earth. In the simplest situation one may consider
the Earth as a uniform half-space, or as a horizontally layered (1-D). More complicated
structures are 2-D, when the resistivity varies with depth, as well as one horizontal direction
(perpendicular to what might then be called the geological strike), or 3-D in the most general
situation. Minami-Noshiro area is located in the northern part of Akita prefecture and
represents the northwestern margin of the Akita oil field as shown in Fig. 1. In 1997-1998, a
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Fig. 1 Location map of Minami-Noshiro area.

three-dimensional MT survey was conducted in Minami-Noshiro area by Japan National Oil
Corporation (JNOC). The Satellite Synchronized MT system (manufactured by Phoenix
Geophysics) was used. The MT remote reference surveys have been carried out by Nittetsu
Mining Company retained by JNOC to acquire 195 MT soundings over 40 km®. The MT survey
was conducted along nine east-west lines as shown in Fig. 2. The remote reference site was
about 100 km away from the survey area. A conventional MT survey acquired time-series data
for five components at each site. The time-series data between each local site and the remote
reference site was synchronized using a high precision clock. Conventional surveys involve
difficulties in getting places to set the systems, especially when survey area is close to
population centers or cultivated lands. The frequency range of the observed data is from 320
Hz to 0.0055 Hz. Measurement sites for the in-line direction were separated by 250-500 m at
the center of the survey area and 1000 m at the either end of a survey line. Cross-lines are
separated by 500 m.

The purpose of this study is to determine the deeper structure in Minami-Noshiro oil field
based on advanced analysis of the observed MT data. The MT data were processed using
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Fig. 2 Location of MT survey sites on a topographic map of the study area.

Geotools software, the resulting impedance tensor elements were used to compute the
apparent resistivities and phases, then, 1-D Occam and Marquardt inversions were applied to
the calculated apparent resistivities to construct the actual resistivity of the subsurface
structure. We obtained the pseudosections of apparent resistivities and phases in the
measurement directions (TE or transverse-electric and TM or transverse magnetic) for
preliminary assessments. The gross features of these MT curves suggest a simple resistive-
conductive-resistive sequence underneath variable overburden evinced by the MT response.
Also, to investigate the geoelectric structure of the study area, two-dimensional modeling of
the MT data was used. We choose three lines 400,500 and 900, because they are parallel to the
geologic section as shown in Fig. 2. The survey lines undergoing the 2-D inversion have a
length of 8 km and 18-24 measurements sites. The geologic section runs east-west near the
center of the survey area (Fig. 2).

2. Geological Setting

Minami-Noshiro is located in the northern part of Akita. This district is underlain by a
thick sequence of Miocene to Pleistocene sediments and volcanic rocks. This area is an
important oil field in Japan. The stratigraphic sequence of the Minami-Noshiro area is divided
into Quaternary and Tertiary as shown in Table 1. The Tertiary sequence is divided into the
Hayaguchigawa, Onnagawa, Subari Andesite, Moyasan Rhyolite, Funakawa and Tentokuji
formation in ascending order. The Quaternary sediments are divided into the Sasaoka and
Nakazawa formations, terrace deposits, and Alluvium!®. The tectonic structure of Minami-
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Tablel Summary of stratigraphic sequence of Minami-Noshiro area
(Ozawa et al., 1984).
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Fig. 3 The geological cross section map of Minami-Noshiro area.

Noshiro area is characterized by prevalence of NNE-trending faults and folds. Some major
folds commerce to grow in the late Miocene Funakawa stage to affect the deposition, while the
rest began to form afterward. Their growth has been accelerated during the Quaternary.
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Most of the faults have rapidly grown through the Quaternary as well. Figure 3 shows the
geological cross section of Minami-Noshiro area. The Noshiro Thrust faults probably started
to form in latest Pliocene and have rapidly accumulated their displacement through the
Quaternary. On other hand, numerous strike-faults including the Moritake fault, which are
distributed in the central to eastern parts of the district, were active in the early to middle
Quaternary but decreased in activity through the late Quaternary. However, it is probably
that the Moritake fault and other strike-faults are still active at present. The Noshiro thrust
faults are one of the greatest active faults in Northeastern Honshu. Also, the Tomine fault and
some other strike-faults are shown as the inferred active faults. Most of folds in the mapped
area, which are closely associated with the active faults, are also considered to be active.

3. Previous studies in Minami-Noshiro area

Many studies have been carried out in Minami-Noshiro oil field. Matsuo and Minegishi'®
recognized the major geological structures of the Minami-Noshiro over thrust fault, Nakazawa
syncline, and Sotooka anticline. However, some specific geological features were difficult to
observe in the 2-D inversion results. Matsuo and Negi'¥ made 2-D inversion of MT data and
they found that the resistivity basement of the center of the area shows an uplifted structure.
Minegishi et al.!® mentioned that most problems in difficult places are caused by complex 3-D
subsurface structure and insufficient wavefield sampling by irregular acquisition geometry;
thus, they determined that 3-D seismic techniques offered the only possibility for successful
seismic exploration in such area.

4. Magnetotelluric (MT) Method

4.1 Theoretical Background

The magnetotelluric (MT) method is a proven wavefield electromagnetic technique for
deep subsurface imaging in volcanic-covered and other crystalline terrains ® 11.20.2L.D  For
plane wave source fields, in frequency domain, the horizontal electric field, £ , and the
horizontal magnetic field, H, are connected via a linear relationship:

E=7ZH (1
Where
Z [Zxx ny }
= @
Zyx Zyy

A similar relation exists between the vertical magnetic field intensity H_ and the horizontal
components of the magnetic field:

H,=AH, +BH,. ®)

Usually, the components of the impedance tensor Z are used to calculate the apparent
resistivity functions, Px and P,x and the phase functions, ¢xy and ¢yx which are defined as:

i 2
p,=——I\Z_|, 4
” (couo)I ol

1
pyxz——— yxz’ (5)
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The phases of the impedance tensor are

imZ _
¢, =tan [ —= (6)
’ reZXy
4 = tan” imZ
= tan” | —— 7
’ reZyx ™)

Where w is the angular frequency and ¢ is the magnetic permeability of the vacuum.

If the earth is homogeneous or horizontally layered (1-D) the impedance, phase and
resistivities in Xy and yx directions will be equal (i.e., resistivity changes multidimensionality,
2-D and 3-D), otherwise they will have different values for the same site for the same
measurement.

4.2 1-D inversion

One-dimensional (1-D) inversion remains an important tool for interpreting MT data
because there are geologic regions where lateral variation is small and 1-D interpretation is
directly applicable and understanding the 1-D inverse provide a foundation for solving inverse
problems in high dimensions. There are many instances, particularly at very low frequencies,
when multidimensional effects may be approximated by a frequency independent static
distortion and only a 1-D interpretation is necessary®*'?. Also, 1-D inversions are routinely
performed to constrain starting models for 2-D or 3-D modeling or inversion. The inversion
procedure used in this paper consists of two algorithms. The first one is Occam inversion.
The model produced by Occam typically consists of many layers (20 to 50). Occam inversion
tries to find the smoothest possible model which produces an error with an acceptable level.
The second is Marquardt inversion; it is a standard implementation of a layered-earth
inversion. It requires a starting model which has the desired number of layers. It modifies the
resistivities and thicknesses of the layers until it minimizes the root mean square (RMS) error
between the model response and the observed data.

4.3 2-D inversion

The 2-D inversion has been used for many years to interpret the MT data. In many
instances of interpretation of field data, an investigator may suspect that the geology of a field
area lends itself to approximation by a model consisting of a few layers of laterally varying
thickness and perhaps laterally varying conductivities. This kind of model is particularly
appropriate for many areas of current interest in petroleum exploration world wide.
Magnetotellurics (MT) are most often considered in petroleum exploration in cases which are
difficult for seismic imaging. A near surface unit of high resistivity and velocity overlying
prospective sediments above basement is the most common case. In such cases, the geometry
of the base of the resistive unit and of the basement surface are primary interpretational
goals.

Recent inversions have been successful in finding smoothly varying two-dimensional
models fitted to magnetotelluric data”. The Occam inversion represents the earth as a finite
element mesh which is like a “stack of bricks”, each with a resistivity assigned from a palette
of available values.

In this paper, the MT data (lines, 400, 500 and 900) were inverted with a 2-D Occam’s
inversion. The final inversion model generally fit the TE (transverse electric) data better than
the TM (transverse magnetic) data because the TM mode is not sensitive to the thin vertical
conductors that are well resolved by the TE mode.
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5. Results of analysis of the MT soundings

5.1 Analysis of MT data

This section deals with the analysis of the data of the twelve sites (lines 400 from 401 to
412) shown in Fig. 2. The interpretation to study the subsurface structure of Minami-Noshiro
area included the following:-

- Analysis and interpretation of impedance polar diagrams for all twelve sites.

- Analysis and interpretation of apparent resistivity and phase curves representing the TE

and TM Polarizations for all twelve sites.

- Analysis and interpretation of pseudosections of apparent resistivity and phases TE and

TM modes for the line 400.

Analysis of MT data begins with an estimation of the implied dimensionality of the earth.
The impedance polar plots provide a measure of the MT data dimensionality'?. The most
complete strike presentation is given with the polar diagrams for all the recorded frequencies.
Figure 4 shows the polar diagram for all twelve stations. There are three curves; the outer
curves are the traces of ny, while the inside curves are the traces of Z . The thin black line
represents the regional strike direction (NE-NW) finally used in defining the two polarizations
(TE and TM). For stations 407, 408, 409, 412, there is agreement in the polarization
directions for all frequencies that revealed a regional strike of N30 E. Moving to other
Stations, we can see that the strike direction varies with frequency reflecting impedance
changes with depth. Thus, for stations 401 and 411, the strike directions are almost N-S for
the higher frequencies (shallower depths), rotating clockwise with depth to an E-W direction.
For stations 402, 403, 405 and 410 the strike direction starts from WNW-ESE direction for
shallow depths to ENE-WSW for deeper depths. The other sites are almost NNE and this is
the predominant strike direction in the study area. The direction of N30’ E was adopted as
the strike direction for the area. Therefore, the impedance tensor was rotated to the strike
direction (30°) so that xy polarization defines the TE polarization and yx polarization defines
the TM polarization.

- The vector electric and magnetic fields recorded at each site were processed using
Geotools software to estimate the elements of the MT impedance tensor. These impedance
elements were used to determine the transverse electrical (TE mode) and transverse
magnetic (TM mode) apparent resistivities and phases, which are parallel (TE) and
perpendicular TM to the strike direction estimated for each frequency. Local near-surface
inhomogeneities can cause pronounced static shifts of the absolute levels of the MT apparent
resistivity curves?. Figure 5 shows all the apparent resistivity curves with TE and TM
polarizations. The apparent resistivity curves are not similar in all stations. This may be due
to local surface or near-surface inhomogeneites. Figure 6 shows the phase curves with TE
and TM polarizations. Scattering of the phase curves can be due to the structure that is not
truly 2-D or contributes to the degradation of the fit at some sites, as it is already explained at
the presentation of the polar diagrams. Based on that information, the shift of the apparent
resistivity curves is due to 3-D structure. In fact, the soundings can be classified into three
groups on the basis of similarity of apparent resistivity and phase curves.

The first group includes sites 401, 408, 409 and 412. The apparent resistivities of the TE
and TM modes at all four sites are similar within a common period range. The second group
includes sites 402, 403, 405, 406 and 411. The last group includes sites 404, 407 and 410. In
general for all sites, the apparent resistivities values decrease for periods between 0.1-10 s,
which may indicate a high conductive zone underlying a resistive upper crust. For periods
less than 0.1 s, the apparent resistivity data seem to indicate an increase of resistivity at lower
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depths. The observation is supported by the phase data with decreasing values. Of much
greater significance may be the departure in the TE mode apparent resistivities in the period
range of 10-0.001 s among the sites 408, 409, 410, 411 and 412, which may be located close to
boundary fault in the study area. For this period range there is a considerable anisotropy,
which may be a reflection of the lateral conductivity structure, associated with the fault in the
study area. Thus, the MT results from these five sites may indicate that any electric signature
of the fault exit in this area.

For comparison, Fig. 7 shows curves demonstrating the variation in the apparent
resistivity data for the three group at the twelve sites. The apparent resistivities of the TE
and TM modes at all three groups are similar within a common period range. The apparent
resistivities and phases (Figs. 5, 6) from site 411 show a considerable scatter which may be a
result of culture noise for periods of about 1-100 s.
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Fig. 7 The variations in the apparent resistivities of the TE and TM modes acquired on line
400.



98 A. KHALIL and K. USHIJIMA

Apparent Resistivity Freq Section - RhoTE Apparent Resistivity Freq Section - RhoTM
a0 402 4043044064053110 41241141‘3415416 418 420 422 402 404 406 408410 412 414 416 418 420 422
I laqu4lo7ri H“l 12 1 | 41.1 4?91 421 [ ~401 [ 4053]@5’43’}0%411' 4;13 ‘415 I 4‘!7l 4‘191 421
Ohm-M )
)
¥ ¥
g oy
@ =
3 Ed
g g
i I
2 ©
3 S
W E
iy E
WMETERS
5000 ©000
= 1] 1000 2000 3000 4000 5000 6060
Phase Freq Section - PhsTE Phase Freq Section - PhsTM
402 404406408 410 412 414 416 418 420 422 402 404406 408410 412 414 416 418 420 422
& 34 7] 3 1
1| SRR AT 43 K | 417 419) 421 Al T v A I G I Nl
Degrees 1 Degrees
2 2
-~ 1 — 1
N -
T 3 E
& |
£ £
I o 0
2 =]
= T 1
4 ® 4
s s ]
(™) 1
C ) g 4]
o] ] N
2 3 '
-3
3 3
i ‘ 75

w E
KETERS

METERS
0 1000 2000 3000 4000 5000 6000
]

v 1000 200 3000 4000
o ) e

isesumte:

5000 €000
ZEn

Fig. 8 Pseudosections of apparent resistivity and impedance phase acquired on the line 400.

- To get a first overview of the MT result, the measurements are introduced in the form of
pseudosections, which are contour plots of MT function values with log frequency as the
ordinate and distance along the profile as the abscissa??. Pseudosections are useful for
summarizing the results concisely and for highlighting the strongest anomalies. Figure 8
shows the data as pseudosections of the apparent resistivity and phase of the TE and TM
modes of line 400. Bearing in mind the data behavior, the profile can be divided into two
zones, each zone being characterized by the similar shape of the apparent resistivities and
phases: -

Zome 1 in the northwestern part of the area beneath sites 401 to 408 where there is a marked
increase in apparent resistivity at 0.5 s in both TM and TE polarization. This observation is
supported only in phase TM. Zone 2 beneath sites 408 to 420 where the apparent resistivities
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decrease continuously up to the longest periods in both polarizations, indicating a high
conductivity at depth. At very shortest periods, falling apparent resistivities and high
impedance phases in both modes as shown in Fig. 8 indicate shallow low - resistivity layering
in east-central portions of the area beneath thin, high resistivity cover. The conductive layers
in turn overlie very resistive basement. The depth to the conductive layers appears variable.
The layer is thinnest and most shallow between the center of the area according to the low
phase values and steeply rising apparent resistivities. Low resistivity comes right to the
surface under sites 408 to 420 coincident with the geologic structure of the area. Also, there
is a sharp boundary of conductive zone at sites 408, 409, 410, 411 and 412. From the phase
pseudosections of the TE and TM modes, we can observe that this area is composed of a 3-
layer structure, and the resistive basement becomes gradually shallower from west to east.

5.2 One-Dimensional Inversion and electric structure

Full interpretation of the magnetotelluric results will require a detailed analysis of possible
distortions in the data® and, at the very least, two-dimensional modeling and inversion.
However, certain inferences concerning the electrical structure, especially in the relatively
near-surface, may be obtained from one-dimensional modeling and inversion. The apparent
resistivities and phases used in this modelling are those calculated from the determinant
impedance. This parameter is invariant with rotation of the axial system and may be less
sensitive to the local three-dimensional structure!®.
~In this study, two different techniques have been used for producing one-dimensional
models, which give an indication of the electrical structure beneath the various regions in the
study area: Occam’s inversion® which produces models which are maximally smooth in
resistivity structure and Marquardt inversion.

Results of modelling and inversion of the invariant responses at site 401 using the two
techniques are shown in Fig. 9. At this site, the apparent resistivity and phase responses for
both polarizations are quite similar up to frequencies 1000 Hz (Figs. 5 and 6). This site is
located on the western side near the Japan Sea as shown in Fig. 2. Thus, one-dimensional
modelling may give a good indication of the structure at site 401 to considerable depths. The
Occam inversion fits the data set with an RMS misfit (calculated from the mean square misfit
normalized by the variance of the estimates) of 0.6. An RMS misfit of 0.1 is generally regarded
as providing a satisfactory fit to the data while avoiding the danger of overfiting. In this
instance, because of the large statistical uncertainties in the long period estimates, relaxing
the RMS misfit to 1.0 does not provide a good fit to the phase data. Both models indicate very
clearly the existence of a good conductor of resistivity around 10 ohm-meters at a depth of
between 600 and 1200 m.

This indication of a good conductor at depth is given firm support by the smooth modelling
of the invariant responses at the other sites. The Occam inversions for all eleven sites are
shown in Fig. 10. Although the data are slightly more scattered at some sites than at others,
the indications of conductive structure at similar depths are unambiguous. From Fig. 10 a
conductive region exists generally beneath sites as follows:

- Site 402 with average values of 1000 m and 30 Qm.

- Site 403 with average values of 1200 m and 80 Qm.

- Site 405 with average values of 500 m and 30 Qm.

- Site 406 with average values of 1200 m and 140 Qm.

- Site 411 with average values of 1000 m and 30 Qm.

Local differences in very near-surface resistivity do appear to exist and there is also a
suggestion of a second conducting layer at around 1-2 km depth.
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5.3 Comparison between 1-D models and well logging data

Fortunately, there are two electric well logs at Higashi Asanai and Sotooka sites.
Therefore, the resistivity logs can be used as an aid for interpretation of the MT results. To
evaluate MT method as a reconnaissance tool, we made comparison between the results of 1-D
models and the resistivity log data. Figure 11 depicts the 1-D inversion models at Higashi
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Asanai and Sotooka sites that have well logs available for comparison. The inversion on
Higashi Asanai was run with the resistivity and the thickness composed of the fourteen layer.
The major resistivity units of the electric log agree with the 1-D model. The low resistivity
zone at 400 and 500 m depth is sandstone, and more resistive zone correlated to mudstone.
From Fig. 11, it is shown that there is a good agreement between MT interpretation and well
logging data.
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Fig. 12 Two-dimensional inversion resistivity models along lines 400, 900 and 500 (a) the
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south and (c) the geological cross section.
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6. Two-dimensional inversion and interpretation

The MT data of lines, 400, 500 and 900 were inverted with a 2-D Occam’s inversion. The
gross structure of the model was derived from fitting the TE data.

Figure 12 shows the two-dimensional resistivity structure for the three profiles of lines
400,500 and 900. The Bostick depth sections using TE mode (Fig. 12a) and the depth
responses of 2-D resistivity for TE mode are also presented (Fig. 12b). Both resistivity
sections were obtained from observed data for TE mode. A geological cross-section along the
MT profiles (Ozawa et al., 1984) was used to highlight the features of the inversion results.

The major geoelectric structures in the final models with labeled A-F are discussed below:-
- In the shallow part of the line 400, there is a small anomalous zone (< 40 Qm), which show
moderately high resistivity at 0-2 km depth (labeled A). We can see this zone also in lines 900
and 500.

- There is a conductive zone in line 400 (<3 Qm) at a depth around 0.5 to 3.5 km (labeled B)
in different places from east to west of the area. In line 900, this zone is limited and there is a
sharp boundary to the conductive zone at site 902, while in line 500, this zone is much bigger
and found in many parts of the line. This zone is supported by the observations in the depth
sections, which show moderately low resistivity at 0.5-2 km depth.

- There is another conductive zone in line 400(<10 Qm) at a depth around 0.5 to 10 km
(labeled C) in different places from east to west of the area. This observation is found in lines
900 and 500.

- There is a resistive zone in line 400(<40 Qm) at depth around 4 to 10 km (labeled D) in
different places from east to west of the area. We can see this resistive zone in lines 900 and
500 at different areas of the lines.

- There is more resistive zone in line 400(<250 O m) at a depth around 4 to 10 km (labeled E).
[n line 900, this zone is very limited at a depth 4.5 to 10 km, while it does not appear in line
500.

- The final resistive zone appear only in line 400 (<800 Qm) at depth around 8 to 10 km
(labeled F).

Comparison between the geologic cross-section and the 2-D geoelectrical models shows
that between the depths of 0 and 0.4 km, the 2D geoelctrical models (Fig. 12b) reflect both
vertical and horizontal resistivity variations consisted of high values. On the other hand, the
shallow parts of the model have high resistivity values in the upper parts of these areas.
These areas correspond to the Quaternary, Koyanosawa formation, which consists of basaltic
lava, mudstone, and acidic pyroclastics rock of the Miocene. Between the depths of 0.5 and 3
km, the 2-D geoelectrical models reflect low resistivity values, these areas correspond to
Tentokuji formation which consists of siltstone, sandstone and acid tuffs.

Conclusions

The major objective of the present study is to investigate the structure of Minami-Noshiro
area from MT soundings. The MT survey in the Minami-Noshiro oil field brought meaningful
results. The interpretation to study the subsurface structure of Minami-Noshiro area include
the analysis and interpretation of impedance polar diagrams for all twelve sites, analysis and
interpretation of apparent resistivity and phase curves representing the TE and TM
Polarizations for all twelve sites, analysis and interpretation of one-dimensional Occam and
Marquardt inversions for all twelve sites along the line 400. The most interesting and unique
features determined by the MT analysis are the low resistivity zone (conductive one) beneath
all the sites as shown in the apparent resistivities curves and the regional strike direction of
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the study area is N 30°E. Also, the crustal structure below Minami-Noshiro comprises a
complex 2-D or even 3-D geoelectric domain of interesting conductive zones and resistive
blocks. The results from this study show the magnetotelluric method can provide valuable
information about electrical conductivity and the crustal structure of Minami-Noshiro area and
the existence of number of low-resistivity zones in the area is undoubtedly the most important
feature found in this study. These results are supported by the results from pseudosections of
apparent resistivity and phase of TE and TM. There is a shallow low - resistivity layering in
east-central portions of the area beneath thin, high resistivity cover.

From the comparison between the 1-D results and well logging data, there is a good
agreement between MT interpretation and electrical well logging data and the MT resistivity
models can be used, in conjunction with log data, to determine the location of conductive
ZOones.

Finally, the original motivation for this work was to present the results of regional deep
resistivity structure along three profiles to contribute in the understanding of the resistivity
structure from MT data. The geological cross-section was used to highlight the features of the
geoelectrical 2-D resistivity models. The most interesting result is the existence of large
conductive zones and there is reasonable agreement in the results between the geological
cross section and 2D resistivity models. Our results are in agreement with the inversion
results of Matsuo and Negi (1999) on the same data set using different inversion algorithms.
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