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Abstract : In this study, the characteristics of magnetotelluric (MT) responses due to a three-dimensional (3-D) body are
analyzed with 3-D numerical modeling. The first model for the analysis consists of a single isolated conductive body
embedded in a resistive homogeneous half-space. The second model has an additional conductive overburden while the
other conditions remain the same as the first one. The analysis of apparent resistivities shows well that the 3-D- effects
are dominant over some frequency range for the first model. Two mechanisms, current channeling and induction, for
secondary electric fields due to the conductive body are analyzed at various frequencies: at high frequencies induction
is more dominant than channeling, while at low frequencies channeling is more dominant than induction. Tippers have
a strong relation to the position of anomalous body and the real and imaginary parts of induction vector also indicate
the position of anomalous body. Off-line conductive anomaly sometimes causes severe problem in 2-D interpretation. In
such case, induction vector analysis can give information on the existence and location of the anomalous body. Each
parameter of the second model shows similar responses as those of the first model. The only difference is that the
magnitude of all parameters is decreased and that the domain showing the 3-D effects becomes narrower. As shown in
this study, the analysis of 3-D effects provides a useful and effective means to understand the 3-D subsurface structure
and to interpret MT survey data.

Keywords : 3-D MT modeling, apparent resistivity, phase, secondary field, tipper, induction vector
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Fig. 1. H fields are defined along block edges and J and E fields
across the block faces.
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Fig. 2. The discretization of a 3-D model using rectangular
elements. The element size is increased with the distance from the
boundary of different conductivities.
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Fig. 3. The model used for analyzing the magnetotelluric effect of
an isolated 3-D body. The isolated body of 1 ohm-m with
dimension of 2 kmx2 kmx2 km is embeded in depth in a
homogeneous half-space of 100 ohm-m.
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Fig. 4. Contour maps of apparent resistivity on the surface of the
model shown in Fig. 3 at six frequencies: (a) 0.001 Hz, (b) 0.01
Hz, (c) 0.1 Hz, (d) 1 Hz, (¢) 10 Hz, and (f) 100 Hz.
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Fig. 5. Effect of strike length of the conductive body. (a) and (b)
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(a) Real and (b) imaginary components at 0.1 Hz

(c) Real and (d) imaginary components at 1 Hz

(e) Real and (f) imaginary components at 10 Hz.



FDMZ o} 88 MT B4R 3309 28 whg 7 143

ZH2jof w2 BES 2y

AR AFANA WS FGe] AAA o MT v of
NETES Mg g T 29 o) A Foja W
22 ARE 5 sjMshe Aol Aet 7 gl A
BEE ol AT A Bl E AR 7% 3
A "HARS s g ol Fet webd, o} Aol AA]
249 gA fAR 2R SMA HRr) A eiAga
1, induction vectore] W3-8 HAgko 24 22b¢) HARA] 3
AR oA} FEE Yol Al St

Fig. 10& o}atd] 4% 223 e 1km, 2km, 3km 9§
o} xol] Feigt S0l 1 Hzol ABY] A A s} 9
e L}F/P’“ Zolth, Hu7) A7MIAGE oA F Rl
£ % 30 ohm-m " 59| 348 vJeRlo] o) knje} o] gl
OP‘:}. AR, A7t Foheel wah wigelde] Araiaa)
ol st 3km Holzl Aol A g A9
ZpolE HolR] 9382 & < vt 3, ol oAl &

I
I

100

Apparent Resistivity (ohm-m)

A
90 e L= 0 km
=~ L=1km
75 | —f—~ L =2km
? —@— L=3km
i
5 60 -
L
Z
‘,Z 45" %‘:ﬁg/ \:Jw
£
30
15 ~
(b)
0 S
B T T S e
x (km)}
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(2) Real and (b) imaginary components at 0.1 Hz,
(c) Real and (d) imaginary components at 1 Hz.
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Fig. 15. Induction vectors of the model shown in Fig. 12.
(a) Real and (b) imaginary components at 0.1 Hz,
(¢) Real and (d) imaginary components at 1 Hz.
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