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Two classes of Induced Polarization signal

* Phase angle changing with frequency

g 99 -

< Cole-Cole model

S 98 -

(O]

©

2 971

a

E 96 * Phase angle almost constant over the

REL R R R R R frequency range investigated

0.001 0.01 0.1 1 10 100

— 9 .

é Constant phase angle (CPA) model

O 7

2

E s

B

© 3

-
0.001 0.01 0.1 1 10 100



Cole-Cole model

Formula :

1
Ccole—cole = P (1 — My (1 - 1+ (E(UT)C)

Time domain :

Amplitude [ohmm]

- Phase [miliradians]

Cole-Cole model p =100 2.m
mo=40mv/NV 7=1 ¢=05

0.001 0.01




Cole-Cole model

Formula :

1
Ccole—cole = P (1 — My (1 - 1+ (E(UT)C)

Time domain :

Amplitude [ohmm]

- Phase [miliradians]

Cole-Cole model p =100 2.m
mo=40mv/NV 7=1 ¢=05

c=0.3

0.001 0.01




Cole-Cole model

Formula :
=
-
-
O,
1 )
(Coie—CoIE =P 1- Mo (1 N 1+ (E(UT)C) -g
a
. - E
Time domain : <
)
c
(4]
3
S
E
(b}
(/)]
©
-
o

log( w)
——— Cole-Cole model p =100 Q.m
mo=40mv/NV 7=1 ¢=05
— ¢=03
— 7=01

0.001 0.01




Cole-Cole model

Formula :
=
-
-
O,
1 )
(Coie—CoIE =P 1- Mo (1 N 1+ (E(UT)C) -g
a
. - E
Time domain : <
)
c
(4]
3
S
E
(b}
(/)]
©
-
o

log( w)
——— Cole-Cole model p =100 Q.m
mo=40mv/NV 7=1 ¢=05
— ¢=03
— 7=01

0.01 G | N [ m0 =10




Constant Phase
Angle (CPA)
model

Formula :

‘g
-
=
. N—b 2
{cpa = K(iw) g
%-
: . S
Time domain : <

) 9 -
c
O

'{E 7

E s
O

2 3
o

5 4 3 -2 -1 0 1 2
log( w)
———  CPA model ¢ =6.64 mrad

0.001 0.01 0.1 1
time (s)




Constant Phase
Angle (CPA)
model

Formula :
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Formula :
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Synthetic tests : results

‘ Small ¢ values increase the similarity between the two models

201 7730

M (mVAY)

0.001 0.01 0.1 1 10
time (s)

Cole-Cole synthetic decay, C = 0.5
————— CPA fit
Cole-Cole synthetic decay, C = 0.3
————— CPA fit
Cole-Cole synthetic decay, C = 0.1
————— CPA fit




Synthetic tests : results

Time constant t
20 {1

$

E

=

2
0.001 0.01 0.1 1 10
time (s)
Cole-Cole synthetic decay, 7=0.1
----- CPA fit
20

2
E

0.001 0.01 a1 1 10

time (s)
Cole-Cole synthetic decay, C = 0.5
————— CPA fit
Cole-Cole synthetic decay, C = 0.3
————— CPA fit
Cole-Cole synthetic decay, C = 0.1
————— CPA fit




Synthetic tests : results

Time constant t
20 {1
$
E
=
2
0.001 0.01 0.1 1 10
time (s)
— Cole-Cole synthetic decay, 7=0.1
----- CPA fit
— Cole-Cole synthetic decay, 7= 1
VIS - CPA fit
2
E

0.001 0.01 a1 1 10

time (s)
Cole-Cole synthetic decay, C = 0.5
————— CPA fit
Cole-Cole synthetic decay, C = 0.3
————— CPA fit
Cole-Cole synthetic decay, C = 0.1
————— CPA fit




Synthetic tests : results

Time constant t
20 1
S
£
=
2
0.001 0.01 0.1 1 10
time (s)
= (Cole-Cole synthetic decay, 7=0.1
- = = CPAfit
——— (Cole-Cole synthetic decay, 7= 1
20 - = = CPA fit
= Cole-Cole synthetic decay, =10
_ - — = CPAfit
2
E
=
2
0.001 0.01 01 1 10
time (s)
Cole-Cole synthetic decay, C = 0.5
————— CPA fit
Cole-Cole synthetic decay, C = 0.3
————— CPA fit
Cole-Cole synthetic decay, C = 0.1
————— CPA fit




Synthetic tests : results

Time constant t
20 1
S
£
=
2
0.001 0.01 0.1 1 10
time (s)
= (Cole-Cole synthetic decay, 7=0.1
- = = CPAfit
——— (Cole-Cole synthetic decay, 7= 1
20 - = = CPA fit
= Cole-Cole synthetic decay, =10
_ - — = CPAfit
2
E
=
2
0.001 0.01 01 1 10
time (s)
Cole-Cole synthetic decay, C = 0.5
————— CPA fit
Cole-Cole synthetic decay, C = 0.3
————— CPA fit
Cole-Cole synthetic decay, C = 0.1
————— CPA fit




Synthetic tests : results

‘ The role of T depends highly on the acquisition time range
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Synthetic tests : results

Two decades of data is a minimum to distinguish both models

The shape of the CPA decays is ENTIRELY determined by the acquisition
settings (current On-time and Off-time, stack...)

The role of T depends highly on the acquisition time range

Small ¢ values increase the similarity between the two models
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What about the phase ?
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Conclusion

The distinctness depends highly on the acquisition time range :

High c Low ¢

More than 2 decades of time | High e Not very distinguishable

Less than 2 decades of time | Notv able Not distinguishable

Specific values for Tau and c increase the similarity between the 2 models
low ¢
Tau in the center of the logarithmic time range
2D field data can contain complex shapes that only the Cole-Cole model can fit.

In any case, the inverted phase shift is in very good agreement with the order of
magnitude of the maximum phase shift.
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