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SCALAR AUDIOMAGNETOTELLURIC
MEASUREMENTS IN HUNGARY

Antal ADAM*, Pertti KAIKKONEN**, Sven-Erik HIELT**,
Juha THHKKAINEN**

Audiomagnetotelluric (AMT) soundings were carried oui in Hungary by the French-made
“ECA Résistivimetre” in the frequency range of 4.1-2300 Hz to test AMT method for different
geophysical problems (Nagycenk electromagnetic observatory, sedimentary basin, a geodynamic
test profile, ore prospecting, etc.).

The main conclusions are the following:

— the most reliable information was obtained at the frequency range of the harmonics of the

Schuman resonance (7.3-23 Hz).

— the reliability of the apparent resistivity (ga) values measured on crystalline rocks is higher
than that above sediments because in the latter case the much lower amplitude of the electric
field essentially worsens the signal-to-noise ratio.

— the noise level caused by power lines of ~ 50 Hz is the highest at 41 and 230 Hz. Near to
the sources of the stray (leakage) currents, mainly in villages, the general level of Qavalues
is increased according to frequency sounding in the '‘near zone" of the source.

— there is an energy gap between 730 and 2300 Hz which is due to the attenuation of the ELF
signals conducted in the Earth -ionosphere cavity and it manifests itself in low  values.

Because of difficulties in distinguishing between signal and noise EM fields in scalar measure-
ments without coherence control, there is a need to investigate tensorial data processing and the
nature of natural audiofrequency field. For this purpose the design of a digital recording system
has been started.

d: audio-magnetotellurics, test surveys, signal-to-noise ratio, time variation, tensorial data processing

1. Introduction

In Hungary the magnetotelluric (MT) method is used by institutes for
applied geophysics in the frequency range of 0.01-20 Hz to investigate the relief
of the basement at depths of some thousands of metres (see Fig. 1 section MTj
of the magnetotelluric sounding curve measured in the Nagycenk observatory,
after Aaam et al., 1981). For the geoelectric sounding of the Earth's crust and
the upper mantle electromagnetic time variations of much lower frequencies are
needed, such as the harmonics of the quiet daily variation (Sq) see section MT2
in Fig. 1). For the determination of the layer structure of the sedimentary cover
of a basin, ELF signals of 3-3000 Hz should be used for magnetotelluric
soundings. For the geophysical survey of near-surface ore bodies and in various
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Fig. 1. Magnetotelluric (MT) and audiomagnetotelluric (AMT) sounding curves measured in the
Nagycenk observatory. AMT- measured by University of Oulu; MT!—measured by ELGI;
MT2—measured by GGRI

1 abra. A nagycenki obszervatériumban mért magnetotellurikus (MT) és
audiomagnetotellurikus (AMT) szondazasi gorbék. AMT  Oului Egyetem munkatarsainak
mérése; MT, — ELGI munkatéarsainak mérése; MT, —GGKI munkatarsainak mérése

Puc. 1. Kpusble maruutotennypuyeckoro (MT) n ayanomarsmutorennypuyeckoro (AMT)
30HAMPOBaHWA, MoMyyYeHHble B ob6cepBatopun HagpueHK. AMT —3aMmepeHbl COTPYrHUKOMU
YHuepcuteta B r. Oyny; MT, - 3aMepeHbl coTpyrHukamu ELGI ; MT2 -  3amepeHbl
coTpyriHnkomn GGRI

engineering geophysical problems, EM variations in the same frequency range
should be analysed. Magnetotelluric sounding using natural ELF signals is
called “audiomagnetotelluric” or shortly AMT sounding (see the AMT section
in Fig. 1).

The measuring group of Oulu University (Finland) carried out AMT
soundings between 16 September and 7 October 1982 in Hungary to test the
applicability of AMT measurements at middle latitudes for different geophysi-
cal problems:

1 in the Nagycenk observatory above 1500 m thick sediments,

2. along a geodynamic profile between the villages of Ukk and Otvés, in

a shallow basin of the Bakony Mts broken into blocks by seismo-active
fractures,

3. in the Little Hungarian Plain being a deep basin filled by some thousand

metres of sediments,

4. on ore-bearing formations of the Borzsony Mts.

The AMT instrument, the French-made ECA 542-0, uses a microprocessor
to obtain immediately in the field the apparent (scalar) resistivity value (ga) from
the average amplitudes of the electric (E) and magnetic (H) components in



Scalar audimagnetotelluric measurements in Hungary 49

perpendicular directions. There are 12 fixed frequencies between 4.1 and 2300
Hz.

2. Geological description

The task of the geophysical surveys in the first three areas was to determine
the structure of the sedimentary basin, including the separation of layers of
different resistivities, and the tectonics of the basement. The layer sequence in
the Pannonian stage can be well characterized by the alternation of more or less
resistive sediments (sand or clay). A similar layer sequence was obtained in the
Nagycenk observatory but terrace gravel of higher resistivity is embedded into
the near-surface layers.

The horizontal anisotropy of the sedimentary layers near the surface of the
deep basins is generally less than the anisotropy of the fractured basement.

The AMT sounding curve measured in the Nagycenk observatory is shown
in Fig. 1as a continuation of MT curves covering together a period range of
8 orders of magnitude. Irrespective of a systematic scale value difference bet-
ween the AMT and MT gavalues, the AMT curve shifted to the MT]j curve fits
well to it and qualitatively expresses the sedimentary structure described by
geoelectric models of the DC soundings. This AMT curve is the geometric mean
of 12 measurements. Their mean square errors are shown in Fig. 2. Some

Fig. 2. Mean square errors of the AMT
curve in the Nagycenk observatory

2. &bra. A nagycenki obszervatériumban
mért AMT gorbe négyzetes kdzéphibai

Puc. 2. CpeaHekBagpaTuieckmne owmnbku
KkpnBoin AMT B obcepBaTopun HagbLieHK
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characteristic features of this curve are briefly mentioned here, with more details
being given later on.

- Lowest errors of the gavalues were obtained at the harmonics of the
Schuman resonance (7.3, 13, 23 Hz);
the disturbing fields of power lines of about 50 Hz seriously affect the
gavalues at 41 Hz, and at the fifth harmonic possibly at 230 Hz;

- the attenuation between 410 and 2300 Hz in the Earth-ionosphere
cavity decreases the amplitudes of the ELF signals, the uncertainty of
the ga values significantly increases.

In the Little Hungarian Plain many factors, such as low electric signals over
sediments of low resistivity, high level of disturbances due to the power lines
in the villages, etc. decreased the reliability of the individual AMT measure-
ments. Therefore, only an average AMT sounding curve was used for the whole
area. Such a curve very much resembles the AMT curve of the Nagycenk
observatory measured in a quite similar geological situation (Fig. 3).

Fig. 3. AMT—measurements at Nagycenk
Observatory (thin line) and median of AMT
measurements in the Little Hungarian Plain
(thick line)

3. abra. A Kisalfoldén mért atlagos AMT
gorbe (vastag vonal), a Nagycenki
Obszervatériumban mért AMT-gorbe
(vékony vonal)

Puc. 3. CpegHas kpuBas AMT, nosnyyeHHas
Ha Manoi BeHrepckor HW3MEHHOCTU

(MyipHOR nuHKeid), kpuas AMT, nonyreHHs
B 06cepBaTopmn HarbueHK (TOHKas uHMA).
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Around the villages of Ukk and Otvés in a shallow basin broken into
blocks by deep fractures, the depth of the highly resistive basement varies only
some hundreds of meters according to the geological map of Fig. 4. The
impedance directions Zxymex computed on the basis of the MT soundings are
connected with the strike of the fractures. In the villages the AMT curves are
generally distorted by stray currents. In view of this, at the measuring site 10
an undisturbed area was chosen to illustrate the information content of the
AMT curves (Fig. 5). The MTS curve measured at the nearest magnetotelluric
point to Otvis was connected with the AMT curve by a thin line. The anisotropy
directions for both of the MT and AMT soundings are assumed to be same. The
AMT curve obtained in the direction of 15° E (gnmex) represents the H polariza-
tion case. The currents flowing perpendicularly to the strike cannot penetrate
below the Eocene limestone embedded into the sediment cover, and so the curve
does not indicate sediments below this resistive layer. The E-polarized AMT
curve (direction 285°) however, shows the deeper layer sequence.

Drpth of tht formation brbw Srnoman

Jafl*r | Hod« /

Fiy. 4. MT and AMT sites along the Transdanubian geodynamic profile
4, abra. MT és AMT mérési pontok a dunantdli geodinamikus szelvény mentén

Puc. 4. Mecta MT n AMT 30HAMPOBaHNA N0 3agyHalCKOMY reogmHaMuyeckomy npodniio
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Fig. 4
5. dbra. Az MT és a megfelel6 AMT gorbe kapcsolata a 4. abran bemutatott mérési ponton

Puc. 5. CBa3b KpuBoit MT c cooTBeTCTBYHOLel KpuBoli AMT Ka MecTe 30HAMPOBaHUS,
NoKasaHHOM Ha puc. 4.

The resistivity changes measured at different frequencies by AMT sound-
ings along this geodynamic profile cannot be connected with the MT isoohm
profile and the fractures of the area unless the disturbed data are omitted.

Upon comparing the “filtered” AMT isoohm profiles with the original ones
Fig. 6a and 6b), the increase of the values at 41 and 230 Hz in the villages can
clearly be seen. On the “filtered” profiles the minimum gavalues appear above
the transversal fractures around the villages Ukk and Dabronc. The same can
be seen in the residual profiles, which describe the logarithmic behaviour of ga
at each individual measuring point normalized by the regional average of the
ga (Fig. 7).

In the Borzsony Mts the Eotvds Loradnd Geophysical Institute (ELGI)
Budapest, carried out ore prospecting using a combination of different geoelec-
tric and IP methods.
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Fig. 6. a. Isoohm section along the
Transdanubian geodynamic line

6. a. dbra. 1zoohm szelvény a dunantali
geodinamikus szelvény mentén

Puc. 6. a. Pa3pe3 1300M no
3afyHalickoMy reogMHaMuyeckomy
npoguno

Fig. 6. b. Isoohm section along the
Transdanubian geodynamic line
omitting data of the disturbed points
(2, 3, 5, 7) and the r, values at 41 Hz
and 230 Hz

6. b. abra. 1zoohm szelvény a dunantali
geodinamikus szelvény mentén, a
zavarral terhelt pontok (2, 3, 5, 7) és a
41 Hz és 230 Hz frekvencian mért ra
értékek kizarasaval.

Puc. 6. b. Mpogunb nsoom no
3afyHaiicKOMy reoguHaMuyeckomy
NPOQUID C UCK/THOYEHNEM AAHHBIX,
NOMYYeHHbIX Ha TOYKaX C MOMexamu
(2, 3, 5, 7), n 3HayeHUIi fa Ha YacToTax
41 Ty n 230 Ny

53
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F&/. 7. Residual ga profiles at each discrete frequency. The direction of the telluric line is 285°
(E-polarization)

7. abra. Maradék gaszelvények az egyes diszkrét frekvenciakon. A tellurikus vonal iranya 285°
(E-polarizacio)

Puc. 7. Mpotunmn 0CTaTOYHbIX 3HA4YeHUI ga Ha KaXAoW AWCKPeTHOI YacToTe. HanpaBneHue
Tennypuyeckon nnHum —285° (nonspusauna E)
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In Fig. 8 the AMT ~-profiles at 4.1 Hz are compared with the resistivity
values of a gradient array measured by ELGI above an ore-bearing formation
which was verified by a borehole at the point 0.2 km. Irrespective of the different
scales, the low resistivity ore formation is well indicated by the AMT profiles
in both directions showing its lateral extent, in accordance with earlier experi-
ments of the Oulu group in Finland [Petkonen et at., 1979]. The low-frequency
residual profiles in Fig. 9 delineate laterally fairly accurately the ore formation.
This formation pinches out at the left side of the profile between 0.1 and 0.15
km, because both polarizations indicate this pinching out at the same point. The
different behaviour of the residual profiles of the E- and H-polarization at the
lowest frequencies on the right could be explained by the deepening of the top
of the formation to the right.

Fig. 8. Geoelectric and AMT profiles measured above an ore-bearing formation in the Borzsony
Mts in the directions of 117° (thin line) and of 207° (thick line)

8. abra. Geoelektromos és AMT szelvények egy érces formacid felett a Borzsonyben, 117°
(vékony vonal) és 207° (vastag vonal) iranyban

Puc. 8. leoanekTpuyeckne n AMT npogunun, nonyyeHHble Haf pyAHON opMmauneld B ropax
BEpXXEHb No HanpaBneHusim 117° (TOHKOW NuHMeR) n 207° (KMPHOW NUHKENR)
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3. Noise level

As is shown in Fig. 2, the Qa values at 41 and 230 Hz are significantly
increased by stray (leakage) currents caused by power lines ot about 50 Hz and
its harmonics. The same conclusion can be drawn from the original isoohm
profiles measured along the geodynamic line between Ukk and Otvos (Fig. 6a),
where the signals are increased by about two orders of magnitude at 41 and
230 Hz in the villages. Since the noise mainly appears in the electric components
it increases the gavalues. On the basis of the gavalues measured at 41 Hz, 3 noise
groups were supposed. The average sounding curve for these groups indicates
that the average level of the most noisy sounding curve (group 3) should be
much higher than the background given by the other two average curves
(Fig. 10):

!

10 QU< 100fim
2« A= 100-200
3« >200

Fig. 10. Median AMT sounding
curves of different disturbances

10. dbra. Atlagos AMT
szondazasi gorbék kilénboz6
zavarokkal

Puc. K). CpegHue kpmeble AMT
30HAMPOBAHMA C PasHbIMU
nomexamu
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These results imply that in the neighbourhood of electricity consumers
—mainly in villages—AMT measurements should be processed and interpreted
with the greatest care. Also, notch filtering at the power line frequency and
around its harmonics should be improved in the instruments.

N

Fig. 11. AMT sounding data measured in the Nagycenk observatory on two different days in
N—S direction (the full line indicates the smoothed AMTS-curve obtained on 16 September)

11. &bra. A nagycenki obszervatériumban két kiilénb6z6 napon E—D iranyban mért AMT
szondazasi adatok (a folytonos vonal a szeptember 16-an mért, simitott AMT gorbét jelzi)

Puc. 11. laHHble AMT 30HAMPOBaHWA, MONYyYeHHble B 06cepBaTOpUN HafbLeHK B ABa pasHble
[OHW N0 MepUANOHaNbHOMY HanpasfeHnto (CNMOLWWHOM NUHMER NpoBefeHa BblpaBHEHHAs KpuBas
AMT, nonyuyeHHas 16-ro ceHTA6ps)
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4. Signal level

The attenuation of the electromagnetic field is well known from the litera-
ture [e.g. Strangway, 1982]. In connection with Fig. 2 we have already in-
dicated this effect between 410 and 2300 Hz. Due to this attenuation and to the
conductive sediments the level of the signal mainly decreases in the electric
components. Thus extremely low ga values were measured in this frequency
band.

Fig. 12. AMT sounding data and a sounding curve measured in Nagycenk observatory on two
different days in NW -SE (i. e. anisotropy) directions

12. dbra. AMT szondazasi adatok és atlagos szondazasi gorbe, melyeket a nagycenki
obszervatoriumban mértek két kiillonb6z6 napon, ENy DK (azaz anizotropia) iranyban

Puc. 12. JaHHble AMT 30HAMPOBAHUA W CPefHAs KpUBas 30HAMPOBaHUA, NOJYyYeHHbIE B
obcepBaTopun HagbLeHK B fBa pasHble AHWM NOo HanpaBneHuto C3—HOB (T. e. aHM30TpOnMK)
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The ELF activity generally increases during the local afternoon; this means
that the measuring conditions also improve in this frequency band. The signal
intensity, therefore the attenuation, varies considerably from time to time. In
Finland experience has shown sudden changes in the high frequency part of the
AMT band. Very high harmonics contamination has also caused problems
[Fliert, 1981]. The time variation in Flungary is demonstrated by two sounding
curves measured on two different days: on 7 October much lowver gavalues were
obtained between 410 and 1300 Hz than on 16 September (Fig. 11).

The scatter of the scalar (two-component) AMT resistivity values can be
somewhat reduced, i.e. the reliability of the data improved, for 2-D structured
if measurements are made in the main structural (MT anisotropy) directions.

According to the basic relations of the magnetotelluric method, the main
impedances Zxy and Zyx can be obtained using the following formulae:

Ex _ Hx

AN
=ZwTT t Zyy’ =z, +
Hy XX T3 Xy

H1 #v

where the variation of the magnetic polarization HxjHy or Hy/Hx can be
neglected in the direction where the secondary impedances Zxx and Zyy ap-
proximate zero. With 2-D structures these directions correspond to the aniso-
tropy directions. In the Nagycenk observatory the daily scatter of the gavalues
is much smaller in certain directions than in other ones (see Fig. 11 and 12). The
directions with lower scatter may be just the anisotropy directions.

5. Conclusions

Since signal and noise conditions generally influence first of all the electric
components, the reliability of the measurements can be increased only if the
values are calculated from well-correlated electric and magnetic variation com-
ponents, rather than from their average values. The effect of the time variation
of the source field and of the 2-D and 3-D structures can obviously be better
taken into consideration if the data processing of the AMT method approxim-
atés that of the MT.

The frequent occurrence of sufficiently energetic ELF signals and the use
of microprocessor techniques, based on the tensorial relations between the EM
field components having a great coherence, enable the use of field data process-
ing for the AMT method. Measurements for a better understanding of the time
variation and the coherence of the AMT source fields as well as a study of the
data processing technique are aims of ajoint Finnish-Hungarian project.
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SKALARIS AUDIOMAGNETOTELLURIKUS
MERESEK MAGYARORSZAGON

ADAM ANTAL, PERTTI KAIKKONEN, SVEN-ERIK HJELT, JUHA TILKKAINEN

Audiomagnetotellurikus (AMT) szondazasokat végeztiink Magyarorszagon a francia gyart-
manyl ,,ECA Resistivimétre” tipusd moszerrel a 4,1-2300 Hz frekvenciatartomanyban, hogy
megvizsgaljuk az AMT mddszer alkalmazhatdsagat kiilonbdz6 geofizikai problémak megoldasara
(a nagycenki elektromagneses obszervatorium kornyékén, tiledékes medencében, féldtani alapszel-
vényen és az érckutatasban stb.).

A f6 kovetkeztetések az aldbbiak:

A legmegbizhatébb informaciét a Schuman rezonancia harmonikusainak tartomanyaban
(7,3-23 Hz) kaptuk.

A kristalyos k&zeteken mért latszélagos ellenallas (qJ értékek megbizhatésaga nagyobb,
mint az Uledékeken mérteké, mivel az utébbi esetben az elektromos tér sokkal kisebb
amplitidéja alapvet6en rontja a jel/zaj viszonyt.

A ~50 Hz-es tavvezetékek altal okozott zajszint a legmagasabb 41 és 230 Hz-en. A kébor
(levezetési) aramok forrasanak kozelében (féleg falvakban) a qu értékek altalanos szintje
megnoévekedett a forrashoz ,kozeli zond"-ban végzett frekvenciaszondazas szerint.

— Egy energiahianyos szakasz van 730 és 2300 Hz kozott a Fold-ionoszféra tiregben bekovet-

kez& ELF jel csillapodas miatt, itt a g,, értékek alacsonyak.

A koherencia ellen6rzése hijan a skalar mérésekben nehéz kiilonbséget tenni a jelnek, illetve
zajnak tekintend6 EM terek kdzott, ezért szilkséges a tenzorialis adatfeldolgozas és a természetes
audiofrekvencias terek vizsgalata. E célbol egy digitalis regisztralo fejlesztését kezdtik el.
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A. AIAM. M KAMKOH3H, C. 3. XEfIbT. 1 TUKANH3H
CKANMAPHbLIE AYANOMATHUTOTENINYPUYECKUNE N3IMEPEHWA B BEHITPNWA

AyanomarHuToTennypuyeckre 3oHauposaHna (AMT) 6blan NpoBefeHbl B BeHrpum ¢ annapa-
TYpoi paHLy3ckoro Bbinycka «kECA Resistivimétre» B guanasoHe yactoT 4,1-2300 'y ¢ uenbo
M3yYeHNs BO3MOXHOCTW NpuMeHeHMs MeToga AMT Ans pelleHus pasnnyHbIX Feofn3nyeckmx
npo6nem (OKOMO 371eKTpOMarHUTHOW obcepBaTopun c. HagblieHK, B 0cafo4yHOM 6acceliHe, no
reoflorM4yeckMM OCHOBHBIM MPOMUAAM, NMPU NOUCKAX U pa3BefKe PYAHbIX MECTOPOXAEHWA U T. N.).

Mo aTum paboTam 6biNv cAenaHbl Cnefytolne 3aKtoYeHmns:

— Hawnbonee HagexHas nHpopmaLms 6biaa nosyyeHa B AnanasoHe rapMOHUYECKUX Pe30HaH-
ca LWywmaHa (4,1-23 Tw).

— HageXHOCTb M3MEPEHHbIX Ha KPUCTaNMYeCKUX NOpodax 3HaueHWin Kaxylierocs conpo-
TUBNEHUA (qJ BblLLe 3HAYEHWiA, NOMYYEHHbIX Ha 0Caf04HbIX NOPOAAaX, TaK Kak B NocneaHeM
Cyyae 3HauMTeNbHO 60/ee HU3Kas aMNANTYya 3NeKTPUUYECKOro Nons CyLeCTBEHHO YXya-
LIaeT OTHOLLUEHWE CUrHan/wym.

— YpoBeHb WyMoB —50 I, BbI3blBAEMbIX IMHUAMW 31eKTponepegayun, ABnseTca Hambornee
BbICOKMM Ha yacToTax 41 u 230 Iy B6au3n MCTOUYHMKOB 6MyXAalowmnx TOKOB (0TBOAA)
(rnaBHbIM 06pa3oM B AepeBHAX) 06LLMIA YPOBEHb 3HAUYEHWUIA  YBENIMUMBA/ICA MO YaCTOTHO-
My 30HAVMPOBaHWIO, MPOBELEHHOMY B «B/M3KOI 30HE» UCTOUHMKA.

— Habntogaetcsa yyacTok ¢ geduumntom aHeprum mexxay 730 1 2300 My B CBA3M C 3aTyXaHWEM
curHana ELF B nonoctu 3emns-uoHocdepa, 34ecb NOAYy4aOTCH HU3KME 3HaYeHWs

B OTCYTCTBMM NPOBEPKMN CXOAUMOCTU NO LUKANAPHBIM U3MEPEHUAM TPYAHO Pa3nnunTb
3M nons, paccMaTpuBaeMble Kak CUrHaA UK LWYM, B CBA3M C 3TUM TpebytoTcs TeH30pu-
anbHas 06paboTKa AaHHbIX U UCCNefoBaHWe eCTECTBEHHbIX MOJE 3BYKOBbIX 4YacToT. A5
Takoi Uenn Havata paspaboTka UMGPOBOM perncTpupytoLleli annapaTypsbl.



