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Negative Apparent Resistivity in Resistivity Method
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Abstract : In the resistivity method, the potential difference between two grounded electrodes is measured and this can
be positive or negative. The apparent resistivity and the potential difference have the same polarity. Since the electric
field is the gradient of the potential, the polarity of the potential difference depends on the direction of the electric field.
If the direction of the vector connecting two grounded electrodes is the same to that of the electric field, the measured
potential difference and the apparent resistivity become positive. If the opposite is the case, they become negative. In
general, the primary electric field and the vector connecting two potential electrodes have the same direction in a surface
resistivity method. In this case, the measured potential difference is always positive because the primary electric field is
greater than the secondary field. Therefore, the apparent resistivity is always positive if noise is free and topography is
flat. The secondary field component, however, can be greater than the primary field component along the vector connecting
two potential electrodes in the cross-hole resistivity method. Furthermore, if the secondary electric field and the vector
connecting two potential electrodes have an opposite direction, the apparent resistivity become negative. Consequently,
the apparent resistivity may be negative in the region where the primary electric field component along the vector
connecting two potential electrodes is very small.

Keywords : resistivity method, negative apparent resistivity, primary electric field, secondary electric field
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Fig. 1. Behavior of the electric field in the inhomogeneity and in
the surrounding medium, where o, and o are the conductivities of
the background and the anomalous body, respectively (Kaufman,
1992, p.327).
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Fig. 2. The primary potential difference distribution on the surface
for a pole-dipole array. A current source is at the point of (0, 0, 0)
and x-directed receiver dipole length is 1 unit. The positive and
negative potentials are plotted in the same logarithmic gray scale.

& Bol €k, Zts] ALAT PR T nj

7HIZ 3 48] 4IRS WA, T S Al

Aol go] @ S gk, 1 ol REPFe B
4

O::_I[N

Gt FAA L, DA
Axks o] 7E By ¢r+ STk H 7 A A
71789122 WE P (vector field)e] ™ Z] a7} gk
Thvle] obd § 12} A7) 22F A71ge] Wkl
AA gk aeEe vE 23 7)) 2717 13F 1Y)
7R g AR, 22F A7) ST AT 20e
]_

9}

o =t mEhA 32451% G2 22k Hr)de] A7) E
ol 2=, whef o] 22k A71F B AL 2] 3he
Ace o) W) WA ekl ek e, 22
PVt EAge] AmAhe y-5S w13 A9} 0o

= A8E 588 HojFEm o)l8d) AL & A
Atk F o] G ZA M= A3} oA g 23} %
o] F5of me tieks] %2 oF By 39 Frr) #iA|
ERfA 2 Aot}

—
ol —«—|—‘

]_

r_l_, OH, O
1o

O?L‘
o



202 Z17]

Zev A7) felsord He dukF oz Axete] A
ol AFAITH F Y AYAFe 5 JAA A olE
37 Brhe Yotk o3 739—011 Fig. 20] VRt uhe} 2
o] 1z} A7t 0ol 2HIA FETt il AX A7 uA e
FAIAE 280 13 A7) Hao] 28 AIFu|de
ALREH, o] whgke] 13} AL 23} A7) Hlsh] At
Atk gah dubEl AFNA e A AR A7uAg
AL A Sole Yo] Fekelz Feol Yrkd 29 Zr7)

WA YeptA] eFerh

U N$TE olgste AFBAFT A7 Pate
Aole AERAIME PSR g 9] A uAg
o] A F= 9k o] A9 247 A wExE 13}
7143 S se A7) wapo] Ag] £d) skl +
A #3122} W] W) et o) A7)% B 2R
1A Jeld & glom, duigos Zgueto gl 13}
A4 27k e e 99, & 13 AR AV,~09
FeolA A3ty 4let. w}a} { NN MY &
Al g2 iG-S ALEE Aol olAe) 91
Wb 2o Ar7) viAgo] vekd & o, Fgol ¢l
T 7R % o] g9 gk EelHoR ojng gty
2 5 ok ae o] Aol 217t g e 27 71
e S Hue 284v)e] Pego] Buslejolr) ¢

aif Az7} gl frelsiok @k,

A7V ANG By galeld 13 A7) Wk 2

o] Ao £29 BE AFAFH AY AIFx} AFo)
HSEE Aol X wof et A% YAKLE Fig. 3&

T
[}

151

10

- AR5 -

F Log(mvia)

BeH - AR

5000.0
25000 E
= £
8 5
2 S
£ =y
= 2
=4 00 2
F) (7
= Q
o I
3 5
& g
-2500.0 £
-5000.0

20 30 40 50 80
Transmitter depth (meter)

Fig. 3. Field apparent resistivity data of a cross-hole survey adopting
pole-dipole array, where the potential dipole length was 6 m and the
measurement interval 2 m. Transmitter depth means the depth of a
current electrode, while receiver depth denotes that of a positive
potential electrode.
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Fig. 4. (a) The primary potential difference pattern on the surface for a dipole-dipole array and (b) direction of electric fields around a current
dipole. A current dipole source is located at the origin. Both the x-directed source and receiver dipole length are 1 unit, respectively. The
positive and negative potential differences are plotted in the same logarithmic gray scale.
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Fig. 5. The apparent resistivity distribution on the surface for (a)
pole-pole, (b) pole-dipole and (c) dipole-dipole array. A source pole
or dipole is located at the origin. An x-directed source and receiver
dipole length are 1 unit, respectively. A noise source is located at
the point of (10, 0, 1) and it's magnitude is 1% of the source
current.
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