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Controlled Source Magnetotellurics with Vector Measurement
Using Electric and Magnetic Sources

Heuisoon Lee* and Yoonho Song**

ABSTRACT : The horizontal magnetic dipole as well as electrical dipole was adopted as a source to compute one-di-
mensional electromagnetic field behavior in controlled source magnetotellurics. he Cagniard impedances due to hori-
zontal magnetic dipole source, especially phases, showed better frequency characteristics than those due to electric one.
The magnetic dipole is inferior to the electric dipole in the point of relatively weak transmitting power at low frequency.
But considering high resistivity charateristics of Korean geology, the magnetic dipole source is recommended for the
survey up to depth of 500 m. A vector CSMT was introduced to get more reliable data in the area of two- or three-di-
mensional structures. A software and interpretation technique using polarization ellipses were developed. The technique
was tested by synthetic data, which provided theoretical basis of the methodology. Although CSMT has inevitable limi-
tation of investigation depth due to practically possible source-receiver separation, we proposed to use the technique de-
veloped in this paper where MT is not available, for example, in extremely noisy area or for shallow target.
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(a) Tensor CSAMT, Separated Sources
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Fig. 1. Definition of tensor, vector and scalar CSAMT (after Zonge, Hughes, 1991).
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Fig. 2. Cagniard apparent resistivities (a), impedance phases (b) and earth model (c) as a function of frequency, 2km
transversely from a horizontal electric and magnetic dipole sources at the surface of a homogeneous earth. The electric dipole
transmitter is located in parallel with the E-filed receiver and the magnetic dipole transmitter is perpendicular to that.
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Fig. 3. Cagniard apparent resistivities (a), impedance phases (b) and earth model (c) as a function of frequency, 2 km
transversely from a horizontal electric and magnetic dipole sources at the surface of a two-layered earth. The electric dipole
transmitter is located in parallel with the E-filed receiver and the magnetic dipole transmitter is perpendicular to that.
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Fig. 4. Cagniard apparent resistivities (a), impedance phases (b) and earth model (c) as a function of frequency, 2 km
transversely from a horizontal electric and magnetic dipole sources at the surface of a three-layered earth. The electric dipole
transmitter is located in parallel with the E-filed receiver and the magnetic dipole transmitter is perpendicular to that.
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Fig. 5. The polarization ellipse and tilt angle.

Fig. 5= £3Elle] 472 vehhs A8 elgde
< BoFH ol BA o AEWH BRIy 3
T 7+ A (tilt angle) ©l@ g} e
'3& @A AFEHe] Zo] oha}
oo 71, dg gol, A7 $419 B3¢ L%
o] Wit eI FFo] o] o HNY s
Atk BEErEA e = 2 AA (4] 1)) AlArL w) ¢
B33 4 & gdgozN QoA 9, o2& 2=
A7 o9 EH dwkslE AdA Fedzly F
(Poincare sphere)oll th3t zpAH| 3 F24l9] FEE $8735
5 (1994)°l & Yeisie),

23 cos

tan2a=% n

1-(3D)

A71A e, e, AR AWk A7 (ZL 27139
THEEL, ¢ T AR H4AL, 223 a At
olt}.

2 AT e 9] S0 93 N2 Amsle A
A7 ZPAZRE EIEUS Al EAGlE &
ZEE MLaA /dE AZEoE £ F3
Foll el 41 Ao T2 A Az 2IEYS
EAE F glev], =3 ol FAYA N 23 F3t
T ESEe] RAE shsdith BIE Y A4 B
Aol Zt 33 == FohrolM e Azt AA7]%e] 4
thgkol AEY, ol Hol AT Hojgke o] 83 &
T ZRIAE Alatel] o] St}

Fig. 62 7€ 2T Ego]E o] &3] 1,000 ohm-m
BhE el el A Fe A A7|RFA A7 Fag



456 olFE -

POLARIZATION ELLIPSES FREQUENCY : 64. Hz
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Fig. 6. The polarization ellipses at each field station due to
horizontal electric dipole source at the surface of 1,000 ohm-
m homogeneous earth which shows the behavior of the pri-
mary electric and magnetic field.
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STATION : 16 POLARIZATION ELLIPSES
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Fig. 7. The polarization ellipses as a function of frequency
at the station 16 of Fig. 6.
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Fig. 9. The polarization ellipses at each field station due to
horizontal magnetic dipole source is the surface of 1,000
ohm-m homogeneous earth which shows the behavior of
the primary electric and magnetic field.
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