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INTRODUCTION

It is one of the most important challenges of natural sciences to improve our knowledge
continuously about the Earth (which is our direct physical environment) and its physical and
geological processes. It is akey problem to overcome for example from the present energy and
environmental situation. There exist a variety of geophysical methods to analyse both the
subsurface- and near-Earth space domains and to understand global and local environmental
processes.

Electromagnetic geophysics is applied in various dimensions of earth and environmental
sciences, e.g. in investigation of deep geological structures, mineral exploration, near-surface,
environmental- and engineering geophysical, archaeological surveys. Electromagnetic methods
also play an important role in understanding the Earth’s magnetic field, various near-surface
and deep geologica phenomena.

Besides the traditional electromagnetic data processing, nowadays one can see more and
more transformation solutions (especialy for very large data systems), which provide images
about deep geological structures and their dimensions free of the orientation of the measuring
system. The key parameters of these transformations are called tensorial invariants.

In electromagnetic methods (including magnetotellurics) the mostly used interpretation
method is the inversion. In order to obtain a physically correct solution (i.e. one of the redlistic
physical models of the subsurface) the model family should be selected. If the selected model
family does not contain the true physical model, the solutions (although they are correct in
mathematical sense) might be very far from the reality. Therefore the maximum potential of
inversion methods can only be exploited by taking this kind of maximum risk in selection of
the model family.

At the same time, the use of invariants does not need any premise or assumption about
the subsurface, since the invariant images can be obtained through a simple transformation of
the measured data. Practically there is no risk in use of invariant images, but we should see it
clearly that they are able to provide a limited (but correct) information about the subsurface.
The invariant quantities can be used in inversion processes as objective functions.

In magnetotellurics the invariant quantities — which provide full information about the
magnetotelluric tensor — are used more and more frequently as interpretation parameters. The
invariant systems can be used not only for imaging but also for dimensionality analysis. The
various invariants of the impedance tensor (Swift, 1967; Berdichevsky and Dmitriev, 1976;
Bahr, 1988; Bahr, 1991; Lilley, 1993, 1998a, 1998b; Szarka and Menvielle, 1997; Romo et al.,
1999; Szarka and Pracser, 1999; Marti, 2006), of the magnetotelluric tensor (Weaver et al.,
2000) and of the phase tensor (Caldwell et. al., 2004) provide very useful geological
information. Experiments with invariants in DC mapping were discussed in bauxite exploration
by Kakas (1981) and in analogue modelling Szarka (1984).



1. RESEARCH OBJECTIVES

The candidate intended to get a comprehensive knowledge about geologically meaningful
features of invariant quantities and their relation to traditional interpretation parameters.
Therefore the main objectives were as follows.

1. To get a comprehensive knowledge about the basic imaging features and complex
interpretation potential of invariants of the magnetotelluric tensor by applying
numerical modelling technique

2. Application of classical magnetotelluric inversion and dimensionality analysis to the
large (2D and 3D) datasets in two research areas in West-Transdanubia

3. Reconstruction conditions of the magnetotelluric impedance tensor from its invariant
systems

4.  Comparison of various invariant results with results of classical interpretations

5. Studying the role of real and imaginary parts of the magnetotelluric impedance
elements in electromagnetic imaging, and studying their sensitivity to model
parameters, resistivity contrasts and noise

6. Investigation of possibilities of tensor invariant imaging in geoelectrics, based on the
potential-gradient mapping method, including a field demonstration of constancy of
invariant images when the electrode orientation varies

2. PERFORMED TASKS

The author took part in electromagnetic projects, investigating deep geological structures.
He acquired and applied various magnetotelluric data acquisition-, numerical modelling- and
data processing techniques. Besides various magnetotelluric variants and their classical data
processing techniques he has become professional in robust processing technique, including
two correction methods: the remote reference- an the statistical iterative robust agorithm.

He applied various numerical modelling and inversion algorithms (WinGLink, REBOCC,
WSINV3DMT), and analysed the various results. He also applied one of the DC modelling
codes (RES3DMOD, Loke, 2001) for studying imaging features of tensorial invariants.

The author also took part in developing of a DC geoelectric mapping method based on
invariants: in the measuring and data processing and aso in the field experiments. He carried
out the measurements in an archaeological area.

2.1 THEORETICAL AND M ODELLING WORK

The candidate paid a specia attention to understand the relations among various
magnetotelluric invariants, and to obtain a comprehensive knowledge about their imaging
properties. He carried out theoretical studies to reveal the reconstruction possibilities of the
complex impedance tensor from its independent invariants. The obtained relationships were
applied aso for the DC resistivity tensor.
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The tensor invariant images were compared with the most generally used magnetotelluric
and DC modelling- and inversion results, and various presentation forms were inter-compared,
too (e.g. magnetotelluric polar diagrams, decomposition directions, etc.). He also carried out
3D numerica modelling experiments in order to reveal the model parameter-sensitivity,
resistivity contrast-sensitivity and noise-sensitivity of invariants.

2.2 FIELD-RELATED WORK

As aparticipant of the OTKA (Hungarian National Research Fund) project No 40848, the
candidate took part in the CELEBRATION-07 field magnetotelluric project (2003) as field
geophysicist, then He took part in the data processing and interpretation. In 2006 the CEL-7
profile was continued in Austria, where he again fulfilled the same tasks. The data processing
was fully my responsibility. With the help of students he digitized and re-processed the date
base of 321 magnetotelluric stations in a related 3D magnetotelluric area. He carried out
extensive experiments with the ,,Nagyatad” data base.

The author took part in the Pilisszentkereszt archaeological measuring project, where
more than fifty thousand 2x2 resistivity tensors were determined. He carried out both the
classical and invariant-based data processing, and he made a detailed comparison between
them. The theoretical, field and methodologica achievements were summarized in a separate
chapter. He designed and realized a field experiment to analyse all possible effects of various
current electrode orientations and positions on the resulting invariant responses.

Finaly, He aso took part in various DC parameter sensitivity modelling studies, where
the depth of investigation and vertical resolution of al possible (about 30) DC arrays were
determined on basis of thin-sheet responses.

3. ORIGINAL SCIENTIFIC RESULTS
Theoretical- and modelling results:

1. The author has collected and classified the invariant parameters related to the
magnetotelluric impedance tensor. By means of numerical modelling (and by means
of comparison with classical tools) he has demonstrated that the basic (1D)
invariants provide a robust and realistic picture about the subsurface bodies. The
shape-, side- and corner-dependent (1D, 2D and 3D, accordingly) features of
invariants is summarized by using dimensionality analysis. As it has been found by
noise studies, the most noise-sensitive invariants are the multidimensional (2D and
3D) ones, especialy the 3D invariants. The polar diagram and phase tensor analysis
tell that dimensionality parameters based on the phase tensor are more sensitive to
lateral changes than other parameters.

2. He has demonstrated by extensive 2D and 3D numerical modelling that the real-
tensor based invariants indicate deep structures at significantly shorter period than
the imaginary-tensor based invariants or the mixed (traditional) invariants. The
favourable imaging feature of the phase-based parameters (including the limited
depth interval of the subsurface body) is due to the difference in the Re- and Im-
based invariants.

3. He has anayticaly elaborated the conditions for the full reconstruction of the
magnetotelluric impedance from its seven independent invariants and the given
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orientation: maximum two invariants are allowed to be of second-order: one in the
real tensor and one in the imaginary tensor, all other ones should be of first-order
function of impedance elements.

Field results:

4. The main characteristic tectonic lines along the CEL-07 MT profile could be
identified on basis of magnetotelluric results, both by using 2D inversion and
invariant imaging. Among the Middle-Hungarian line, the Baaton line, the
Balatonf6 line and the Réba line it is the Balaton line, which manifests itself with
the highest conductivity anomaly. The Middle-Hungarian line cannot be seen in the
induction arrows. He has reminded to the unresolved origin of the electromagnetic
anisotropy in the middle part of the CEL-07 profile.

5. The “Nagyatéd” data base could be unambiguously interpreted due to the invariant
images. The high-resistivity indications has nothing to do with the assumed high-
conductivity Middle-Hungarian line. The long-period homogeneity of the phase
invariant map refers to the depth-limited extension of the geological heterogeneity.

6. Using the database of appr. 50 thousand DC resistivity tensors obtained in the
Pilisszentkereszt archaeological area (where the man-made resistivity changes could
be separated from the natural ones) he demonstrated that the 2D and 3D invariants
dispose with the theoretically expected (side- or corner-detecting) features, but they
appear trustfully only in presence of significant anomaly, precise electrode-
positioning and extremely low noise. While in the basic (1D) invariants are
minimally affected by changing positions of he current electrodes, the 2D and 3D
indicators change in a much more significant way.

Generadl result:

7.  The ensemble of theoretical, modelling and field results means a significant step
toward recognising magnetotelluric invariant maps as standardized geophysical
maps similarly to other geophysical (gravity, magnetic and telluric) maps.

APPLICATION OF THE RESULTS

The magnetotelluric tensoria invariants are considered more and more as necessary tools
for an exact interpretation. Therefore the present results are important first of al from
methodological point of view. Moreover, the obtained geological results make it evident that in
the future the geological interpretation cannot ignore these new geophysical results.

A comprehensive knowledge about the basic imaging properties and noise sensitivity of
magnetotelluric invariants makes it possible to select the best possible invariant for the actual
problem.

In geoelectrics, the invariant-based mapping is a new technique, with wide potential
applications among othersin near-surface and archaeological studies.

Both the magnetotelluric and DC noise sensitivity studies suggest that the
multidimensional (2D and 3D) invariant parameters are less reliable than the 1D ones.
Therefore the interpretation should perhaps be based rather on simpler 1D invariants, than the
more complicated multidimensional ones.



L1sT oF PHD RELATED PUBLICATIONS

IN SCI JOURNALS:

ADAM A., NOVAK A., SZARKA L., WESZTERGOM V. The magnetotelluric (MT) investigation of
the Didsjené dislocation belt, Acta Geod. Geophys. Hung. 38: 305-326, 2003.

ADAM A., NOVAK A., SZARKA L. Tectonic weak zones determined by magnetotellurics along
the CEL-7 deep seismic profile, Acta Geod. Geophys. Hung. 40: 413-430, 2005.

ADAM A., NOVAK A., SZARKA L. Basement depths of 3D basins, estimated from 1D
magnetotelluric inversion. Acta Geod. Geophys. Hung. 42: 59-67, 2006.

ADAM A., KOHLBECK F., NOVAK A., SZARKA L. Interpretation of the deep magnetotelluric
soundings along the Austrian part of the CELEBRATION-007 profile. Acta Geod. Geophys.
Hung., 43, 17-32, 2008, DOI 10.1556/AGeod.43.2008.1.2.

VARGA M., NOVAK A., SZARKA L. Application of tensoria electrical resistivity mapping to
archaeological prospection. Near Surface Geophysics, 2008, Vol 6. No 1., 39-47., 2008,
IF: 0.985

SzaLAl S, NOVAK A., SZARKA L. Depth of Investigation and vertical resolution of surface
geoelectric arrays. Journal of Environmental & Engineering Geophysics 14: 15-23., 20009,
IF: 0.750,

Adam A., Bencze P., Bér J.,, Heilig B., Kis A., Koppan A., Kovécs K., Lemperger 1., Mércz F.,
Martini D., Nov&k A., Sétori G., Szdlai S, Szarka L., Verd J., Wesztergom V., Zieger B.
GEOELECTROMAGNETISM AND THE CHANGING EARTH. Acta Geod. Geophys. Hung.
44: 271-312, 200.9

FuLL PAPERSAND EXTENDED ABSTRACTSAT INTERNATIONAL CONFERENCES:

NOVAK A., KAROLY! A., PAP Zs., SZALAI S., SZARKA L., VARGA M. Tensor-invariant based
electrical potential mapping, and its use in an archeologica field study., IAGA WG 1.2 on
Electromagnetic Induction in the Earth. Proceedings of the 17th Workshop, Hyderabad, India,

Oct. 18-23., 2004, Extended abstract, Session S8-P.2, Wwww.emindia2004.org/S8-P021
Novak.pdf

SzARKA L., ADAM A., NOVAK A., Kiss J, MADARAS A. PRACSER E., VARGA G.
Magnetotelluric images from SW-Hungary, completed with gravity, magnetic and seismic
measurements, IAGA WG 1.2 on Electromagnetic Induction in the Earth. Proceedings of the
17th Workshop, Hyderabad, India, Oct. 18-23, 2004, Extended abstract, Session S1-O.5,
www.emindia2004.org/S1-005-Szarka.pdf



http://www.emindia2004.org/S8-P02-

NoVAK A., ADAM A., SZARKA L. Tensor invariant-based imaging: DC and MT field examples,
18th EMIW, El Vendrell, September 2006, Extended abstract.

NOVAK A., SZALAI S., SZARKA L. Target detectability depths of DC arrays for various models,
EAGE Near Surface, Helsinki, Sept. 4-6., 2006, Extended Abstract.

SzARKA L., NOVAK A., SZALAI S, ADAM A.., 2006. Imaging experiences in magnetotellurics
and in geoelectrics. 17th Int. Geophysical Congress of Turkey, Ankara, Extended Abstract.

SzaLAI S, NOVAK A., SZARKA L., 2007: Depth of investigation of dipole-dipole, noncolinear
and focused geoelectric arrays, Near Surface 2007, Istanbul, Turkey, Extended Abstract.

SZALAI'S., VERESS M., NOVAK A., SZARKA L., 2008. Application of the Simplest Geophysical
Method, the Pricking Probe Method to Map Bedrock Topography in a Karstic Area. In: Near
Surface 2008. Krakow, Lengyel orszag, 2008.09.15-2008.09.17. pp. & Paper P17.

SZALAI' S., VARGA M., NOVAK A., SZARKA L., 2009. Non-conventional Geoelectric Arrays —
Results of a Research Project — Theory. In: Near Surface 2009 — 15th European Meeting of
Environmental and Engineering Geophysics. Dublin, Irorszag, 2009.09.07-2009.09.09. Paper
P15.

Book CHAPTER:

LEMPERGER |., KIS A., NOVAK A., SZENDROI J., WESZTERGOM V., BENCZE P., SZARKA L. A
study on the long-term behavior of the impedance tensor at Nagycenk Geophysical
Observatory. Nagycenk Geophysical Observatory Years 2005-2006: Specia issue on the
occasion of the 50th anniversary of the Observatory. Sopron, 2007, HU-ISSN 0133-459X, pp.
117-121.

PRESENTATIONSAT HUNGARIAN CONFERENCES:

NOVAK A., FABIAN E., SZARKA L., VARGA M., ZHANG D. Geofizikai (geoelektromos) mérések
a pilisszentkereszti ciszterci apatsdg teriiletén. Tavaszi Szél Konferencia 2003, Konferencia-
kiadvany pp. 230. Absztrakt (poster).

NovAK A., THE CELMT'2003 TEaM: ADAM A., KOPPAN A., SzZARKA L., TURI J,
UBRANKOVICS CS., WESZTERGOM V., JESH M., KISs J., MADARASI A., PRACSER E., VARGA G.,
RITTER O., WECKMANN U. Magnetotellurikus mérések a CELEBRATION-007 szelvény
mentén, Ifju Szakemberek Ankétja, Sarospatak, 03. 20-21., 2004, Absztrakt (oral).

NovAK A., FABIAN E., TURI J.,, SZARKA L., VARGA M., 2003: Geoelektromos mérések a
pilisszentkereszti ciszterci apétség koril, Foldi Elektromagnesség Tudomanyos Konferencia
Verd Jozsef 70. sziiletésnapja alkalmabdl Sopron, 2003. janius 20-21, Absztrakt ( poster).

ADAM A., MADARASI A., KOPPAN A., NOVAK A., RITTER O. SzARKA L., TOTH Z.,
UBRANKOVICS Cs., VARGA G., WECKMANN U., WESZTERGOM V., 2003: Magnetotelluric

7



measurement along the CELEBRATION-07 line, EUROPROBE Meeting, Budapest. Ann Univ
i Bp R E6tvos Nom Sect Geol 35: 36-37. (poster).

ADAM A., NOVAK A., SZALAI S., SZARKA L. Elektromégneses leképezési tapasztalataink.
Inverzids Ankét, Miskolc, 2006. mércius 20., Absztrakt (oral).

SZALAI' S., VERESS M., NOVAK A., SZARKA L., 2006. Geofizikai vizsgdlatok fedett karszton
(Homéd-arok, Bakony). Karsztfejlddés Xl. Szombathely: Berzsenyi Daniel Tanarképzd
Fdiskola, Veress M (szerk.), 2006. pp. 153-170 (oral).

NOVAK A., ADAM A., SZARKA L., MADARASI A., KHOLBECK F., ITA A., KOPPAN A., PASZERA
G, TURI J, VARGA G., MEGBEL N, OLIVER R., WECKMANN U. Magnetotellurika az osztrék-
magyar CELEBRATION-7 szelvény mentén, HUNTEK Workshop, Sopron, Szeptember 20-21,
2007, Absztrakt (orali).

PRESENTATIONSAT INTERNATIONAL CONFERENCES:

SZARKA L., NOVAK A., ADAM A., MADARASI A., VARGA G., Kiss J, PRACSER E., RITTER O.,
WECKMANN U., SCHNEGG P., MAGNETO(C)ELLURICS. MT along the CELEBRATION-007
line, 32nd International Geological Congress Florence, August 20-28., 2004 Session 286,
Abstract (oral).

NoVAK A., KAROLY! A., PAP Zs., SZALAI S., SZARKA L., VARGA M. Tensor-invariant based
electrical potential mapping, and its use in an archeologica field study., IAGA WG 1.2 on
Electromagnetic Induction in the Earth. Proceedings of the 17th Workshop, Hyderabad, India,
Oct. 18-23., 2004, Extended abstract, Session S.8-P.2 (poster).

SzARKA L., ADAM A., NovAK A., Kiss J, MADARAS A. PRACSER E., VARGA G.
Magnetotelluric images from SW-Hungary, completed with gravity, magnetic and seismic
measurements, IAGA WG 1.2 on Electromagnetic Induction in the Earth. Proceedings of the
17th Workshop, Hyderabad, India, Oct. 18-23, 2004, Extended abstract, Session S1-O.5
(oral).

NOVAK A., SZARKA L. About the complete reconstruction of the M T impedance tensor from its
invarinants, EGU General Assembly, Austria, Vienna, April 24-29, 2005, Abstract (poster).

SzARKA L., ADAM A., NoVAK A., Kiss J, MADARAS A. PRACSER E., VARGA G.
Magnetotelluric images completed with gravity, magnetics and seismics from SW Hungary,
TOPO EUROPE 4D Topography Evolution in Europe: Uplift, Subsidence and Sea Level Rise,
2005, Abstract (poster).

SZARKA L., CSERNY T., LEMPERGER |., KOPPAN A., NOvAK A. Earth and environmental
science education at the University of West-Hungary, Sopron, EGU 2005 Assembly, Vienna,
paper EGU05-J-10513 (poster).

SzARKA L., NovAK A., ADAM A. Rotational invariant representation of magnetotelluric results
from SW-Pannonian Basin, IAGA 2005, Toulouse, France, paper 1AGA2005-A-00780 CD
Abstract (oral).



SZARKA L., NOVAK A., VARGA M., SZALAI S. Tensorial apparent resistivity mapping and an
archeological case study, EAGE Meeting, Madrid, June 13-18., 2005, paper G018 (oral).

ADAM A., NOVAK A., SZARKA L. Basement depths of 3D basins, estimated from 1D
magnetotelluric inversion, 18th EMIW, El Vendrell, September 2006, Abstract (poster).

NoVvAK A., ADAM A., SZARKA L. Tensor invariant-based imaging: DC and MT field examples,
18th EMIW, El Vendrell, September 2006, (poster).

NOVAK A., SZALAI S., SZARKA L. Target detectability depths of DC arrays for various models,
EAGE Near Surface, Helsinki, Sept. 4-6., 2006, Extended Abstract (poster).

SZARKA L., NOVAK A., SzALAI S., ADAM A. Imaging experiences in magnetotellurics and in
geoelectrics. 17th Int. Geophysical Congress of Turkey, Ankara, 2006, (oral).

ADAM A., SZARKA L., NOVAK A., VARGA G. Electromagnetic induction mosaics from two
significant tectonic lines of the Pannonian Basin and the Alps, IUGG 2007 Perugia, Abstract
(poster).

NovAK A., ADAM A., SZARKA L. Indication of the deep tectonics by resistivity and phase
anisotropy, invariants and phase tensor parameters in a three-dimensional sedimentary basin,
IUGG 2007 Perugia, Abstract (oral).

NOVAK, A., MADARASI, A., KOHLBECK, F., ADAM, A., SZARKA, L.; DIMS MT2006.
Magnetotellurics along the Austro-Hungarian CELEBRATION-7 profile, EGU General
Assembly, Austria, Vienna, April 15-20, 2007, Abstract (poster).

NOVAK A., SZARKA L., ADAM A., PRACSER E. Invariant-based imaging and interpretation of
magnetotel luric measurements over an area and along a profile in SW-Transdanubia, Hungary.
AGU Fall Meeting 2007, Abstract (poster).

SZALAI S, VERESS M., NOVAK A., SZARKA L. Bedrock topography in a buried karstic area by
applying multielectrode measurements completed with "pricking probe". AGU Fall Meeting,
San Francisco, 2007, Abstract (poster).

SZALAI S, NOVAK A., SZARKA L. Depth of investigation of dipole-dipole, noncolinear and
focused geoelectric arrays, Near Surface 2007, Istanbul, Turkey (poster).

Kiss J, PRACSER E., NovAk A. Comparison of inversion results along the profile
CELEBRATION-7 (SW-Hungary), 19th IAGA WG 1.2 Workshop on Electromagnetic
Induction in the Earth, Beijing, China, October 23-29, 2008 (poster).

SZALAI S., VERESS M., NOVAK A., SZARKA L. Application of the Simplest Geophysical
Method, the Pricking Probe Method to Map Bedrock Topography in a Karstic Area In: Near
Surface 2008 Krakow, Lengyelorszag, 2008.09.15-2008.09.17. pp. & Paper P17. (poster).

SZARKA L., Kiss J., PRACSER E., ADAM A., NOVAK A., MADARASI A. Magnetotelluric field
anomalies and the second-order magnetic phase transition. In: Szarka L (szerk.) IAGA 11th
Scientific Assembly: Abstract Book. Sopron, Magyarorszag, 2009.08.23-2009.08.30. Sopron:
Geodetic and Geophysical Research Ingtitute of the HAS, Paper 106-TUE-P1700-0646. (oral).



SZALAI S., VARGA M., NOVAK A., SZARKA L. From the results of the otka project “non-
conventional geoelectric arrays, K4960. In: Szarka L (szerk.) IAGA 11th Scientific Assembly:
Abstract Book. Sopron, Magyarorszag, 2009.08.23-2009.08.30. Sopron: Geodetic and
Geophysical Research Institute of the HAS, Paper 104-THU-P1540-0141. (poster).

NOVAK A., SZARKA L., VARGA M. Effect of current electrode positions and of gaussian noise
on tensorial invariants. In: Szarka L (szerk.) IAGA 11th Scientific Assembly: Abstract Book.
Sopron, Magyarorszag, 2009.08.23-2009.08.30. Sopron: Geodetic and Geophysical Research
Institute of the HAS, Paper 104-THU-P1635-1113. (poster).

NoVvAK A., ADAM A., SZARKA L., Basic features and noise sensitivity of magnetotelluric
invariant images. In: Szarka L (szerk.) IAGA 11th Scientific Assembly: Abstract Book. Sopron,
Magyarorszag, 2009.08.23-2009.08.30. Sopron: Geodetic and Geophysical Research Institute
of the HAS, Paper 107-WED-P1700-1326. (poster).

SZALAI S, VARGA M., NOVAK A., SZARKA L. Non-conventional Geoelectric Arrays - Results
of a Research Project — Theory. In: Near Surface 2009 — 15th European Meeting of
Environmental and Engineering Geophysics. Dublin, irorszag, 2009.09.07-2009.09.09. Paper
P15 (poster).

10



MAIN REFERENCES:

BERDICHEVSKY, M.N. AND DMITRIEV, V.I., 1976. Basic principles of interpretation of
magnetotelluric curves. Geoelectric and Geothermal Sudies, pp. 165-221, ed. A.
Adam, KAPG Geophysical Monograph, Akadémiai Kiadd, Budapest.

BAHR, K., 1988. Interpretation of the magnetotelluric impedance tensor: regional induction and
local telluric distortion. J. Geophys., 62, 119-127.

BAHR, K., 1991. Geologica noise in magnetotelluric data: a classification of distortion types.
Phys. Earth planet. Inter., 66, 24-38.

CALDWELL, T. G., BiBBY H.M AND BROWN, C., 2004: The Magnetotelluric Phase Tensor.
Geophys. J. Int., 158, 457-469.

KAKAS K., 1981. DC potential mapping (PM). Annual Report of the E6tvds Lorand
Geophysical Ingtitute for 1980, 163-165.

LiLLEY, F.E.M., 1993. Magnetotelluric analysis using Mohr circles. Geophysics, 58, 1498-
1506.

LiLLEY, F.E.M., 1998a. Magnetotelluric tensor decomposition: 1. Theory for abasic procedure.
Geophysics, 63, 1884-1897.

LiLLey, F.EM., 1998b. Magnetotelluric tensor decomposition: 2. Examples of a basic
procedure. Geophysics, 63, 1898-1907.

LOKE H.M., 2001. Tutoria: 2-D and 3-D electrica imaging surveys. Geotomo Software,
Malaysia.

MARTI, A., 2006. A magnetotelluric investigation of geoelectrical dimensionality and study of
the Central Betic Crustal Structure. Ph.D. thesis, Barcelona.

Romo, JM., GOMEZ-TREVINO, E. AND ESPARZA, F.J., 1999. An invariant representation of the
magnetic transfer function in magnetotellurics. Geophysics, 64, 1418-1428.

SwiFT, C.M., 1967. Magnetotelluric investigation of an electrical conductivity anomaly in the
southwestern United States. PhD thesis, Department of Geology and Geophysics,
MIT, Cambridge, MA (reprinted in Magnetotelluric Methods, pp. 156-166, ed. Vozoff,
K., Geophys. Reprint Ser. No. 5. 1988, SEG, Tulsa, OK)

SZARKA L., 1984. Analogue modelling of DC mapping methods. Acta Geod. Geophys. Mont.
Hung. 19, 451-465.

SZARKA L., 1994. Haromdimenzids foldtani szerkezetek geofizikai 1eképezésének |ehetdségei
elektromagneses kutatomaodszerekkel. Sopron, 142 p. Disszertacio: (MTA Doktora)

SZARKA L., MENVIELLE M., 1997. Anaysis of rotationa invariants of magnetotelluric
impedance tensor. Geophysical Journal International 129, 133-142.

SZARKA, L., PRACSER E., 1999. A correction to Bahr's "phase deviation" method for tensor
decomposition. Earth Planets Space. 51, 1019-1022.

WEAVER J.T., AGARWAL A K., LILLEY F.E.M., 2000. Characterization of the magnetotelluric
tensor in terms of itsinvariants. Geophysical Journal International 141, 321-337.

11





