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wWhat will you hear

e IP effects can be visible and measurable in AEM data
- Signature 1s varied, beyond simple sign change

e IP can be modelled from AEM data, both synthetic and
real. We can recover corrected resistivities and
some IP parameters

- Large degree of non uniqueness, which can be
reduced by constraints and apriori

— Chargeability can be recovered down to some depth

e Failure to model IP in IP affected AEM datasets
produces:
— Erroneous resistivity sections

— Loss of extra information about the subsurface
that might be relevant for mineral exploration
and other applications
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IP effect in TEM data

e The evidence
- Si1gn changes 1n central loop* TDEM systems
— Calls for a frequency dependent resistivity p(w)

e The explanation
— presence of chargeable (polarizable) material

e The models
- Cole Cole (DC or o frequency limit)
— GEMTDIP (more parameters)
— Others with less paramaters
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The evidence
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The explanation
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The model

e Cole Cole model (DC 1imit - Flis et al.)

U(S) = g9 + ﬂn 6(5), S = Iw

gom(s7)
1 + (1-m)(sn°

Agd(s) =

e Cole Cole model (o frequency limit - Smith)

a(5) = e +Agd(s), § = I

— gMm
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Aarhus Geophysics / °




IP effect in TEM data: BIG FAT SR
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Different IP effects:

transients

from different AEM systems
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Different IP effects: channels

profiles, obvious effects
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Different IP effects: channels

profiles: more subtle effects

e VTEM
— Kimberlites (Russia)
— Permafrost (Russia)
- Gold (arabiclPeninsu1a)
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Different IP effects: Same target,

2 AEM systems
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Different IP effects: Same survey,

different geologies
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why 1s 1t 1mportant to model to

model IP 1n AEM data

e Failure to model IP in IP affected AEM datasets
produces
— Erroneous resistivity sections

— Loss of extra information about the subsurface
that might be relevant for mineral exploration
and other applications

e Chargeability can be recovered beyond the near
surface (under some conditions)

P s
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wWhy 1s 1t 1mportant to model

1t:1mproved resistivity sections
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wWhy 1s 1t 1mportant to model

it:improved resistivity sections
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wWhy 1s 1t 1mportant to model

1t:1mproved resistivity sections

BIF project, SkMTEM data affec:ted by IP

f \!‘ ! ]
v/ 3 -y ;v;-,:." ) ¥ s

\\f\_,./ ~ »"/ \.il v . J

J\
1\

EERERERD

IEEREERERE]

§

%I

AERREERRR]

I EEREERE

id

Hot | 08 Symtet | Syromanion [ Coinct coctin. =] 10 Stemmber Mlﬁﬂ:’ﬂ:

paigigidi

EEREEEREE

10 mV/V ‘ 100 | 1000




wWhy 1s 1t 1mportant to model

1t:1t can recover m at some depth
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Kimberlite exploration: syhtetic
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Inversion results (no a-priori,

loose constraints)
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Inversion results (A-priori,

tighter constraints)
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Kimberlite exploration: case =
study 1 Amak1skaya p1pe (VTEM)

Amakinskava Kimberlite pipe results: From the geological
standpoint, the area surrounding Amakinskaya kimberlite pipe
belongs to a sedimentary basm with widespread outcrops of
clays and alevrolites of Jurassic age (J,or). which
unconformably overlay Cambrean limestone complex (€;hl).
Triassic basalts (BT kt) are also widespread i the area,
especially to the north from the pipe. Amakinskay

Kimberlite pipe shows a great deal of anisotropy in the
vertical direction. shifting from weathered. clayish upper
facies, affected by permafrost to consolidated hard kimberlite
below 30 m depth. This obviously has retflection in the
physical properties of the kimberlite. Resistivity and
chargeability changes with depth, showing lowering resistivity
and increasing chargeability values in the upper facies of the
kimberlite, while magnetic susceptibility increases with depth,

as kimberlite consolidates (Bondarenko and Zinchuk. 2004). {8



The data
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The workflow when working with

actual AEM data

e Data processing

— Recognize and mantain IP effects while increasing
S/N and eliminating artefacts

e Inversion with IP modelling (AarhusInv)
- Cole Cole modelling
— No apriori
— Solved for all parameters at once
— Spatially Constrained Inversion (quasi 3D)

- Many realizations, scanning the model and
regularization space thouroughly

- Tight spatial constraints on ¢ and =
e Careful assessment of results

- General geological settings
— Comparison with ancillary data
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Resistivity slices
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Chargeability slices
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Close up on the pipe
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and mag vertical sections
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Comparing physical properties

Electrical Magnetic
Rock type resistivity(p, susceptibility (105 Comments
Ohm m) sl)

. . Amakinskaya )
Kimberlites i 30-60 100 - 900 Weathered, clayish
. . Amakinskaya
Kimberlites . 500 - 1000 100 - 300
pipe
. . Amakinskaya
Kimberlites i 290 - 400 100 - 900
pipe
Clayish limestones Jyuk 100 - 400 N/A

Physical
properties from
ancillary data

Kimberlitic breccia

Carboniferous kimberlites

Sandy silts 100- 400 N/A
P e e e e e e e e e e e e e e el ol = = =l " 7 1 1 ot o o o ot et ot ot e
Depth  Abs. Electrical resistivity Magnetic Chargeability " 200 400 800 800
elevation Susceptibility ° \j/ l : L J
0.00 2217 342 N/A 1124
5.00 216.7 520 422.30 98.6 .
105 2112 865 459.10 84.00 PhyS|caI
1656 205.1 1382 493.10 72.4 .
234 1983 205.6 525.70 63.6 propertles from
309 1908 283.00 552.40 57.00 ai rborne
39.3 182.4 360.00 574.20 519 .
486 1731 423.00 611.80 48.00 geophySICS
589 162.8 458.7 627.90 44.7
703 1514 452.00 656.70 422
829 1388 401.7 679.80 401
969 1248 315.00 695.40 384 250
112.4 1093 2116 702.90 N/A ‘ / Magnetic Susceptibiity
1296 921 1166 702.60 N/A r
1487 73.00 496 682.50 N/A 300 (10%s1')
169.9 518 164 641.00 NfA
193.3 28.4 7.7 552.80 N/A 550 - /‘/
2193 24 6.4 479.60 N/A
2481 -26.4 a8 357.90 N/A Electrical
28000  -58.3 57 236.80 N/A 400 \ — resistivity (Ohm m)
3154 -93.7 13.00 109.40 N/A / -
354.6 -132.9 27.4 37.00 N/A .
398.1 -176.4 47.00 5.30 NfA
4463 -224.6 66.8 0.00 N/A \ %
50000  -278.1 82.3 0.00 N/A 500 + /
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Kimberlite exploration: case

study 2, Drybone pipe (VTEM)
a T, o
Yellowknife -

Yellowknife

Detah

@ Yellowknife

Great Slave Lake LR

L \*f- o
Drybones ¢« -
kimberlite A%

Skml

Aarhus Geophysics /




Drybones kimberlite
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Drybones kimberlite

geology
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Drybones kimberlite comparison
with previous i1nversions
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Drybones kimberlite

ZTEM is a passive AEM system, very
different bandwidt
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....base metal example...
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Conclusions

e IP effects can be visible and measurable in AEM data
- Signature 1s varied, beyond simple sign change

e IP can be modelled from AEM data, both synthetic and
real. It 1s possible to recover corrected
resistivities and some IP parameters

- Large degree of non uniqueness, which can be
reduced by constraints and a-priori

— Chargeability can be recovered down to some depth

e Data needs to be understood and properly
(pre)processed before attempting recovering IP

e Taking wrong assumptions on parameters (e.g.,
lTocking them to a predefined value) can lead to
wrong models

==

Aarhus Geophysics /




conclusions (continued)

e More research should focus on, e.g.,
- Exploring IP models (not Cole Cole) ?
- Using B field data
— Different inversion strategies

e Failure to model IP in IP affected AEM datasets
produces:
— Erroneous resistivity sections

- Loss of extra information about the subsurface
that might be relevant for mineral exploration
and other applications

—~ 2
»
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conclusions (continued)

e More research should focus on, e.g.,
- Exploring IP models (not Cole Cole) ?
- Using B field data
— Different inversion strategies

e Failure to model IP in IP affected AEM datasets
produces:
— Erroneous resistivity sections

- Loss of extra information about the subsurface
that might be relevant for mineral exploration
and other applications

How much existing AEM data out there contains IP
effects never looked at properly ?
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After Smith et al (1989)
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Brief investigation into non

uniqueness, and on locking ¢
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Brief investigation into non

uniqueness, and on locking ¢
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