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1D or 3D7?

Bookpurnong (moderately 1D)

Mt. Milligan (compact resistor)

West Plains ~\ L
(thin conductive intersecting structures) ‘

TKC (compact conductor and |P)




Bookpurnong

Viezzoli et al., 2009
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Setup

Hydrological model

North West

* Iigated horticulture
> recharge =10 mmfyr

Woorinen Formation
Blanchetown Clay

Seepage

\. X Evapo(ra“nspiraﬁon
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Downward leakage g { ¢ M
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system
Recharge to
groundwater systems
Regional watertable — -~ — . e—

El_evation {m)

| * over-irrigation and drought
+ saline water recharges river
+ floodplain salinization p A
+ ecological damage




Properties

Location map for salinity measurements

Unit Conductivity

Saline water High, 3-5S/m

Fresh water Low, 0.01 S/m

Conductivity from salinity measurements
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Holland et. al., 2008.



Survey

Resolve system (2008)

B
M Digital recording system
g DGPS
Digital video camera
Radar altimeter
Barometric altimeter

=

i’“ Magnetometer

~ Laser altimeter
{ L_DGPS

/\/\/\A/t -

EM transmitter EM receiver

,-—-;———.-

. . Horizontal Co-planar
Horizontal Co-planar (HCP) frequencies: = X

- 382, 1822, 7970, 35920 and 130100 Hz — 78m ——

Vertical Co-axial

Vertical Co-axial (VCA) frequencies:
( 10| 0 R)D

- 3258 Hz




orizontal Co-planar (HCP) data

(&%)

In-Phase (Real) Quadrature (Imaginary)
6.201 - 6.201
382 Hz
6.2 6.2 :
Sounding curve
6199 . 619 = [ [—in-phase. ' ]
c E £ _ 2 ool == Quadrature
2 6.198 _% E: 6.198 [ = Q. o 1
£ = | & 2 | T ot 1
S 6.197 < S 6.197 2 P 1
= I =z % I 800
6.196 | 6.196 | oo} |
O ———— -
200 L L
6.195 | 6.195 10° 10° 1o* 10
Freq
458 459 46 461 462 463 458 459 46 461 462 463
Easting (m) «10° Easting (m) «10°
6.201 - 6.201 3
35920 Hz v Response curve
6.2 621 ¢
286 1.0 H =— ;—ea| ! ! ‘ ‘
_ 61997 = _ 6199 = S 4|7 imag
E 7 g  E /. 248 O
26198 | g pe1sf by @ £ o06]
£ £t £
S 6197 | 3:;: S 6.197 2 3:;: §0~4-
T T 2ozl
6.196 | 6.196 1.8 .
0'?0’3 1(;'2— 107 10° 0T 107 10°
6.195 6.195 16 Induction number (o)
14

458 459 46 461 462 463 ' 458 459 46 461 462 463
Easting (m) «10° Easting (m) «10° 8




Northing (m)

Data

+108 382 HzIn-Phase

Processing: 1D inversion

.10% 382 Hz Quadrature

6.201 6.201
3
6.2 6.2
6.199 28 6.199
I E E
6.198 26 5 6198
g £
- <
6.197 £ Beior
24 2 z
6.196 6.196
22
6.195 6.195
2
458 459 46 461 462 463 458 459 46 461 462 463
Easting (m) %10° Easting (m) %10°
108 35920 Hz In-Phase 108 35920 Hz Quadrature
6.201 38 6.201 -
6.2 386 6.2
6.199 34 _ 6.109 |4
:E E
6.198 325 Ge1es
= £
2 =
6.197 3 2 Betw
: 2 3
28
6.196 ’ 6.196
26
6.195 6.195
24
458 459 46 461 462 463 458 459 46 461 462 463
Easting (m) %10° Easting (m) x10°
Data fit
2500 T T
Real Obs
Real Pred
L * ]
2000 Imag Obs o]
s Imag Pred é
§ 1500 ]
=
2 R
% 1000 | 1
T
500 | g * @ * 1
© o
é 6
0 | I
102 108 104 10°

Freq

Hs/Hp (log10(ppm}}

Hs/Hp (log10(ppm}}

Conductivity model (stitched)

%108
T

RESOLVE (depth = 8.6 m)

6.2

6.199

E 6.198
o
£
N =
h =
o
Z 6.197

6.196

6.195

4.58

4.59

46 4.61 4.62
Easting (m)

0.5

1-05

Conductivity (log(S/m))



Interpretation

Conductivity model (stitched)

LOSIng Stream %108 RESOLVE (depth = 8.6 m)
6.2 [
6.190 -+ i
E6.198
.. £ o
Gaining Stream Z 6197 f
W
6.196 i (I .;’
6.195 A

Conductivity (log(S/m))

4.58 4.59 46 4.61 4.62 4.63
Easting (m)

1 — Water table 2 - Unsaturated zone

3 — Saturated zone 4 — Flow direction



Hydrological model

Rech to
pounmlar systems
Regional watertable — -~ — .

Synthesis

Conductivity model (stitched)

%108 RESOLVE (depth = 8.6 m)

T T

6.2

6.199

E 6.198 .
[=)]
£
N =
£ .
Z 6.197 P
/ ’
6.196 ’ 3
]
':
6.195 f .
auzs o Easting (m) «10°
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0.5

1-05

Conductivity (log(S/m))



Need for 3D?

Conductivity model (stitched)

<108 RESOLVE (depth = 8.6 m)
| | | | | ‘ « Large scale features of flow
62} reasonably defined with 1D
0.5
6.199
o
B
T 6.198 I3 . C
= g « 3D might be beneficial
= 4.05 ? . . L
5. . Garin x 3 * regions of S|gp|f!cant
i g horizontal variation
AN T o
6.196 [
« time lapse
6.195 [0
2

4.58 4.59 46 4.61 4.62 4.63
Easting (m) <10°
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1D or 3D7?

Bookpurnong (moderately 1D)
Mt. Milligan (compact resistor)

West Plains (thin conductive intersecting
structures)

TKC (compact conductor and |P)



Mt. Milligan Cu-Au Porphyry Deposit

;

. Talka Lake

Mt IMilligai

: Leo Creek

(o} ~ ~
Mine Access Road
" ‘ :
2 J
Trembleure Lake

Pinchi Lake Mine
S Pinchi
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ASEG EM Workshop
slide 14



3D VITEM Inversion at Mt. Milligan

3D inversion area

I Data grid
6111000 PP PO PR— - 8x29 =232

Line spacing 200m

6109500
JT B\ Sounding spacing =
------ N - A" 50m

6109000 EEEE e (ERRE R pERRCE e )

| A N R Flight height 20~90 m

Northing (m)

Time channel
120 ~ 2745 pus

6108500

6108000

6107500
433000 433500 434000 434500 435000 435500

Easting (m)

ASEG EM Workshop
slide 15



1D Inversion models at Mt. Milligan

-0.604

I -1.24

-1.88
. -253
317
-3.81

-4.45

16



1292

Un-interpretable features

1056

347

Geology Map
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Synthetic Model of Mt. Milligan

4.8 km

I5OO m

WX 8y

Resistive stock surrounded by
conductive alteration halo

overburden 100 Om
thickness 60m

resistive stock 2000 Om
depth 60m ~ 400m
width 600m

thickness 150m

L
I
- conductive alteration 10 (Om
L

host rock 500 Om

VTEM sounding
flight height 50m



1D Inversion of 3D Synthetic Data

354e-008 _
2!!!iigiiznziwuziigxizimz
g il s il i doyiiog
sesecos _ 3 B P P 0 i of dozorozonoioaozopoiiofoioffogoEd
2 3 ¢ s s 2 I
418e-010  _
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4.94e-012 _1 1

800 m
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What is wrong with 1D inversion”?

20



Depth (m)

1D VS 3D: Mt. Milligan Synthetic Model

1D Inversion Model

(log S/m)
-1.75

-1.87
i ~1.98
—2.10
M —2.22
-2.34

-2.45

—400 0 400 800
Easting (m)

3D Inversion Model

O S EEEEREEEEEREDR

-800 0 800
Easting (m)
o (log S/m)

-294 -236 -1.79 -1.22



Elevation (m)

6110400

(o)
’74/})

3D VTEM Inversion Model

Resistive MBX stock

Conductive sediments/faults/alteration

Consistent with DC result

1050

970

890

810

6109950
6109500
6109050 433950

9, 6108600
2y 433500

434400

434850

gasting (m)

o
(log S/m)

-1.23
-1.63
-2.04
-2.44
-2.84
-3.24
-3.64

435300




1D or 3D7?

Bookpurnong (moderately 1D)

Mt. Milligan (compact resistor)

West Plains
(thin conductive intersecting structures)

TKC (compact conductor and |P)

23



West Plains
Orogenic gold region

McMillan et al, 2014

\ ‘/ z (ltnj

y (m) 73329508

24



Setup

Geology map

476000 478000 C
7336000 — A —— = 17336000

7334000 s ANY S B Komatiite []7334000
s i by A\C atiite

000 000 484
x (m)

476000 478000

o Ultramafic komatiite units

— steeply dipping
— gold mineralization

» Area covered by thin layer of glacial material (outcrops scarce)
« Geology map from regional mag. survey
— Low resolution; No dip information about the komatiite units

How do we image thin, dipping conductors in 3D } o




Properties

Geology map

476000 478000 — — 484000 Dykes:

7336000 7336000

* thin
 highly conducting

« steeply dipping
* intersecting

47334000

7332000

e ‘§°°°° ko [ Geology from magnetics }
Units Conductivity Susceptibility
Moderate
Sediments Moderate Low
Granodiorite Low Low-Moderate
Tonalite Low Low-Moderate




Survey: VTEM

Survey lines Current waveform
478000 ! ’ ' 1
—— Waveform
= 08} * Time Channels
7334000 7334000 =
g 06} / :
= w0 04 I - -
§ ﬁ / " 1im1en(s]
]
£ 0.2} / 1
o
7332000 7332000 z
ol | |
-5 "0 5
Time (s) -3
s 7.5 ms pulse %10

x(m)

« VTEM (2003) system
— Line spacing: 120 m; except several lines in the North part (60 m)
— Line direction: 310 degree
— Transmitter diameter: 18.5 m
— Measured component: dBz/dt (26 time channels from 110-6340 ps)

27



Survey: RESOLVE

Survey lines

478000 Syste m

Horizontal Co-planar

7334000

7334000 ’q-l'{ (& 7.86m éR:XD

y(m)

7332000 7332000 2

478000 480000
x(m)

« RESOLVE (2005) system
— Line spacing: 60 m
— Line direction: 310 degree
— Co-planar: 385-115,000 Hz (5 frequencies)



7.334

7.3335

y (m)

7.3325

7.332

7.333}

Data: VIEM

dBz/dt at 150 ps
<108 log, (V/Am?)
9

"-10

.
. "
.
& L
. '
.
.
.
\ -
- .
.
v e
.
,

4.7854.794.795 4.8 4.805

7.334;

7.3335]

E
-

7.3325|
7.332/

4.7854.794.795 4.8 4.805

7.333] .-

dBz/dt at 3180 pus

. L o . -
e -
'v_--,.. -

\.

: % -10.4

W+ ORI LR -10.6

log, (V/Am?)

-10.2

x (m) - 105

X (m) «10°

— At 150 ps: strong conductivity anomalies
— Noise level: 5x10712 V/Am? (values below blanked-out)



Data: RESOLVE

Bz Imaginary at 115,000 Hz

4.7854.794.795 48 4.805

X {m)

%10 5

7.334

7.3335

7.333

y (m)

7.3325

7.332

Bz Imaginary at 385
«10° ,

Hz
log, (A/m)

4.7854.794.795 4.8 4.805

-8.6

-8.8

-9

9.2

9.4

X(m) x 10°

— 115,000 Hz data contains near-surface information
— 385 Hz data similar to the VTEM data at 150 ps

30



TEMR480

TXRTX

Voxel inversion

Processing: VITEM

* Image conductors

— Starting model: 1000 Om « Smooth regularization blurs
conductors at depth

Recovered Conductlwty (190m depth)

How do we image thin, dipping conductors in 3D?

30
200

20 - - )
A2 L L

—

Xim)

30

478130 478850 479570 480590

. 200 - '
; - z(m) 933 ‘~ -

431010

Time domain

478130 479570
X(m}

481010

31



Parametric Inversion

« Mathematical description to be compatible with geology
« Find a representation using only a few parameters
* Thin dykes:

— Plates (plate with parameters)

— Ellipsoids (Gaussian ellipsoid with parameters)

_1()};'((71,;1(-1; )_ O-

h)g(apl;ll«-)

/ L0, are
Yopiate

Uplate

‘A!/I)lil(('
A:plm(-
U]ll;lt(-

Dplate

'plzll(-



Processing: VITEM

Parametric inversion
— Parameterize dipping conductors as Gaussian ellipsoids
— Invert for: )
1
 Resistivity: background and ellipsoid
» Shape and location of ellipsoid
: Recovered conductivity (190m depth)
: Qm
te+000 Z‘-:U
'm zlm) 20
130 o
- 478930 478850 479570 480050 4&‘010—
S ”. x(my) Time domain
e 47910 47500 A7E0 AB0H0 451080 | | x““]' "l ‘ I‘

Dashed lines: Initial guess

33



Processing: VITEM

Observed dBz/dt at 150us
105 Iog (V/AM?)

47854.794.795 4.8 4.805
x(m) 0%

£ 7333

Qm

Predicted dBz/dt at 150 ps
log, (V/AmM?)

1.334

7.3335

7.3325:
71.332}

4.7854.794.795 4.8 4805
x l:n\] g 10'—'

Parametric inversion too simple to explain heterogeneous earth

34



Processing: Hybrid Inversion

« \oxel inversion using parametric inversion result as initial and
reference model

Parametric

8.2
94
06
98
-10
102 >
47854794795 4‘8 4.805 B 7;854 ‘794.795 4‘8 4.805 4.7T854.794.795 4.8 4.805
x(m) 0% x(m) q0% x(m) 408

., Recovered conductivity (190m depth)

I3

478130 478850 479570 480200 481010
x(im)

Time domain

478130 478850 478570 480250 481010

35



Interpretation: VITEM

Voxel inversion cut-off (30 Qm) Hybrid inversion cut-off (30 (Qm) .« Voxel inversion: blurs

conductors at depth
h z(m) ‘/ 2 « Hybrid inversion
. - — — Dips recovered
0 xim 479000 % (M)
1g/tgold — Tighter boundary of the
komatiite

— Good agreement with
gold grade

478000

Hybrid inversion: vertical sections

478130 478850 ATH5T0 480200 481010
x(m) Time domain
30 =
200 -
]
z(m) 20
30 -—
478130 478850 478570 480260 481010
x(m)

478000




Processing: RESOLVE

« Voxel inversion * Image conductors

— Starting model: 1000 Om « Smooth regularization blurs
thin conductors

Recovered conductivity (190m depth)

pals

10
200
20
we Z(m) -0
130 —
478130 ATEERS0 4TSSTO 480200 431010
x(m} Frequency domain
310
200
20
20
1430 —
478130 478850 479570 480290 481010
x(m)

37



X720

Processing: RESOLVE

Parametric inversion
— Parameterize dipping conductors as Gaussian ellipsoids
— Invert for:

P1

 Resistivity: background and ellipsoid
» Shape and location of ellipsoid

_Recovered conductivity (190m depth)

pu P TR,

4813 478850 478500 RS0 &310%0

Dashed lines: Initial guess

38



Processing: RESOLVE

Observed Bz Imag at 385 Hz

108 log, (A/m)
e
7.3335 . 1 EY
E 733 -~ AN
=

47854794795 48 4805
x(m) 10°

Predicted Bz Imag at 385 Hz

6 log, (A/m)

B84
I-tw
88

98

47854794795 48 4805

X (m) " 10‘-‘

Parametric inversion too simple to explain heterogeneous earth

39



Processing: Hybrid Inversion

Voxel inversion using parametric inversion result as initial and
reference model

Parametric
10" T A o
7.334 A6
7.3335 8.8
£ 7303 MK o
b L 2 9.2
7.3325
9.4
T332 9.6
4.7854.794.795 4.8 4.805 47854794795 4.8 4805 47854794795 48 4805
% (m) 10" x(m) L q0° x(m) 0%
Recovered conductivity
FR4R80
B 310
s 200
90
zZlm)
m A3 —
478130 478850 479570 450290 431010
xim) Frequency domain
310
200
%0
z(m) 24
=130

478130 478850 4
" _ o — _ _ x(m)
478130 47RAND 475470 ABRIR0 AR5010



Interpretation: RESOLVE

Voxel inversion cut-off (30 QOm) Hybrid inversion cut-off (30 (Qm) .« Voxel inversion: blurs thin

" L conductors
S % * Hybrid inversion
Y = T e — Dips recovered
| / 1 4/t gold — Tighter boundary of the
komatiite

— Good agreement with
gold grade

Hybrid inversion

478850 479570 450250 431010
x(m) Frequency domain

478850 479570 450280 421010 41




Synthesis

VTEM RESOLVE

y (m)

450850

voxel hybrid voxel

« [DEM and FDEM survey sensitive to conductors
« Hybrid inversion beneficial for imaging thin, dipping conductors
« 3D inversion is necesssary

no
z(m)

hybrid

|

42



1D or 3D7?

Bookpurnong (moderately 1D)

Mt. Milligan (compact resistor)

West Plains
(thin conductive intersecting structures) ‘N

TKC (compact conductor and |P)
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Workflow for airborne EM/IP

\.

( N\
Invert TEM data,
to recover
. J
4 N\
Compute IP datum
Remove EM responses
4 N\

Invert d'f data,

recover pseudo-chargeability )

Northing (m)

7133949 7134521

7133378

556855

Elevation (m): 311 m

557299
Easting (m)

557744

Elevation (m)

Elevation (m)

DO-18 A-A’

200 311 500

00

556855

500

®

557299 557744
Easting (m)

DO-27 B-B’

200 311

0

&

S L
556855

10‘24(]

557299 557744
Easting (m)

1034(1 1044[)
Resistivity (2m)

44



Workflow for airborne EM/IP

Elevation

DO-18 A-A’

(m): 311 m

Invert TEM data,
to recover =

Compute IP datum . : )
Remove EM responses IP = Observation - EM

dbz/dt (pV/A-m")

Observed Predicted EM IP
f I P \ ‘ Op eeeee d at 410 micro-s Estimated at 410 micro-s Raw IP at 410 micro-s
Invert d'* data
) . 0.448
o DU . 0 mm 2 Al
recover pseudo-chargeability - . K
\. J _ 120 % "M
2 A3 ué g A3 N
X o |
™ Casingm e ™ casng ) " g m oo

45



Worktlow for airborne EM

,
Invert TEM data,
X to recover
p
Compute IP datum
Remove EM responses
( IP
Invert d'° data,
_recover pseudo-chargeability

Northing (m)

Northing (m)

Observed

Observed at 410 micro-s
7133x10
0.06
’ Al 01
0.02

-]

A3

" dbafdt (pV/A-mr)

94

0 20 W0 6o s
Easting (m) +3.568x10

Predicted EM

Estimated at 410 micro-s

Elevation (m): 311 m

7134521

7133949

7133378

556855 557299
Easting (m)

557744

P

Raw IP at 410 micro-s

'm

3 o n -3
3 ‘ A ‘3
12 ’
© ™ asting (m) +55sn
° DO-18 A-A’
8 T
I > S
Lol .
ssl
*(‘u‘ N
3
i
8L . .
556855 557299 557744
Easting (m)
° DO-27 B-B’
8 T
gz O
[y
w
8 L. s i
556855 557299 557744
Easting (m)
0.000 6.933 13.867

Pseudo-chargeability (s~!)

46



Case History:

Inversion of airborne geophysical data
over the Tli Kwi Cho kimberlite complex

Devriese et al, 2017; Fournier et al, 2017; Kang et al, 2017

Rock Model from Geophysics Rock Model from Drilling

47


https://gif.eos.ubc.ca/sites/default/files/sdevriese/files/int-2016-0142_1.pdf
https://gif.eos.ubc.ca/sites/default/files/sdevriese/files/int-2016-0140_1.pdf
https://gif.eos.ubc.ca/sites/default/files/sdevriese/files/int-2016-0141_1.pdf

Discovery of Tli Kwi Cho (TKC)
ITocatioQ ofTKQ, NWT

m‘w i
\ TKC|
BC AB | SK | MB

DIGHEM Q7200Hz

+7.132e6

3400

1992 T T T ‘ T T T
556000 557000 558000 559000

Kimberlite pipe structure
Lake

Glacial till
584 \. Lake

555816 557566 55931 PK sediments

Basement

Devriese et al. (2016)

48



Time domain EM data

DIGHEM AeroTEMII VTEM NanoTEM
(1992) (2003) (2004) (1993)

dbz/dt (nT/s)

1700 L7.133€6 1700 +1:133e6 180 1700 71336 1700 +1:133e6 - le—7
80 6 = 1.50
150
70 5 1.25
120
60 . 1.00
0 = < 0.75
50 — a 3 E
£ = <
s £ S 0.50
0 w08 90 60 < 950 , 3 950
@ 0 & k) 025
30 B 1 ¥
o 0.00
20 0 0 025
10 —30 -1 ~0.50
\ —60 _
200 N 0 200 ! 200 2 200 —0.75
556800 557300 557800 556800 557300 557800 556800 557300 557800 556800 557300 557800
G Dec ay curve
10° ;
. — Observed (+)
101 F ]
-- Observed (-
- N ()
*
-
=
k] .
N SSol
o] S
© \\_~——__~\ I
~ N
‘\/ \\ I(
104 L i Y
102 10°

Time (micro-s)



Step 1: Conductivity inversion

DIGHEM

+7.133e6

1700

. Recovered 3D conductivity
0 Elevation (m): 311 m ° DO-18 A-A’
160 3 '
450 = E -
E - Ec
30 @ K~ % N
w
20 °
10 556855 557299 557744
Easting (m)
200 : 0
556800 557300 557800 DO-27 B-B’

Northing (m)
7133949
500

. . E -
Positive VTEM  Cooperative Es
EM-dominant : S8
( ) Inversion g
L 7.133x100 Observed at 130.0 micro-s o
1(]17.9 E m
1600 |- g
o 8
1400 1 ~ 556855 557299 557744
Easting (m)
1200 10% | e —— |
B 556855 557299 557744 1029 10%Y 10*0
21000 10-04 Easting (m) Resistivity (£2m)

North

800 P ; 1009

o) 7 == Qutline of two pipes

400 .
10718

556800 557000 557200 557400 557600 557800

Easting (m) 50



ing (m)

North

Step 2: EM-decoupling

IP = Observation - EM

130 micro-s
Observed Predicted EM

+7.133x10%

84 5.1
7.2 72
6.0 6.3
18 545
-
36 15
4
24 365
8
1.2 27O
0.0 18
-1.2 0.0
- . ‘ 0
200 100 600 800 0 200 0 600 SO0
Easting (m) 576510’ Easting (m) +536$x10°

51



ing (m

North

1600

800

400

Step 2: EM-decou

IP = Observation - EM

130 micro-s

Observed

+7.133x 10"

Predicted EM

N

84 5.1
7.2 72
6.0 (3
L5 54
16 45
24 16
12 27
.0 18
-12 L4
0 00 400 600 80 e 0 200 400 ;nn 00 0.0 0

Easting (m) +5368x10° Easting (m) *3568x10°

200

»lI‘HI 600 800
Easting (m) 5065107

dbz/dt (pV/A-m")

52



Step 2: EM-decoupling

IP = Observation - EM

410 micro-s
Observed Predicted EM

Northing (m)

0

. A2 2

6 A3 " g
.
(21
Easting (m)

53



Step 2: EM-decoupling

IP = Observation - EM

410 micro-s
Observed Predicted EM P

Northing (m)

-m?)

* dbz/dt (pV/A
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Northing (m)

Step 3: 3D IP inversion

Recovered 3D pseudo-chargeability

130 micro-s

Elevation (m): 311 m

T

7134521

7133949

7133378

Easting (m)

L 1 1
556855 557299 557744

° DO-18 A-A’

8 T
= -
c (]

o8
“"U‘ (3Y
ks
w
8L l ;
556855 557299 557744
Easting (m)

° DO-27 B-B’

8 T
Eclp-----__4 O_ S
c ¢ =
S8
TN el
ks
w

8L ! :

556855 557299 557744

Easting (m)

[ ]
0.000 66.667 133.333 200.000
Pseudo-chargeability (s~*)

= Qutline of two pipes
----------- Conductivity contour
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Step 3: 3D IP inversion

Recovered 3D pseudo-chargeability

130 micro-s

Elevation (m): 311 m

° DO-18 A-A’
T 8 T
- Ec |
[3Y) [s]
30 ssl
IS g “
(5]
N\ i
=1 1 L 1
556855 557299 557744
E " Easting (m)
23 o DO-27 B-B’
€2 3 ,
s™| ] .
=4 — e
Eff-----""¢__8 "_ - - -
c ¢ =
S8t
N
oy
2 i
[+]
s sl l .
~ 556855 557299 557744
\\ Easting (m)
556855 557299 557744 0.000 66.667 133.333 200.000

Easting (m)

= Qutline of two pipes
----------- Conductivity contour

Pseudo-chargeability (s~*)

410 micro-s

Elevation (m): 311 m

556855 557299 557744

Easting (m)

3 DO-18 A-A’
gl
S8t
‘a‘ 3V
3
w

556855 557299 557744

Easting (m)
° DO-27 B-B’
8 T
£l MO
o 8
N .
ks
w
556855 557299 557744
Easting (m)
0.000 6.933 13.867

Pseudo-chargeability (s~*)
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Data Integration: 5 physical property models

Density Susceptibility Conductivity Early chargeability Late chargeability

Kimberlite Model
Lake

Glacial till

[High quality 3D conductivity model was crucial e —

FROCK UTITS Rock units




What we have covered?

« Bookpurnong (moderately 1D)

Hydrological model

108 RESOLVE (depth = 8.6 m)

Conductivity model (stitched)

South East North West

6.2

6.199 -

% Evapotranspiration £, 6.198 |-
4

Northing (|

o
o
©
~

o
8

6.195 -

mmmmm

Regional watertable — - — . B—_— 4.58 4.59 46 4.61 4.62 4.63
Easting (m)

[ Using 1D inversion is effective

0.5

-0.5

Conductivity (log(S/m))
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What we have covered?

« Mt. Milligan (compact resistor)

1D conductivity 3D conductivity (Mt. Milligan)
0 o
=y — s
—~ -1.63
428 = E 970 504
S '
. © —2.44
3D conductivity o 890
i -2.84
O EEEEEEEREEEEREEREDR 3.24
810 '
6110400 —5.64
6109950
300 %, °1%8309050 43440034850 0
i 433950
600 9/,,,/ 6108600 433500 Easting (M

[ Requires 3D inversion to recover compact resistor J
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What we have covered?

« West Plains (thin conductive intersecting structures)

VTEM
‘ m
% 810 [Mog(@nm) |
/ Z(I"\;!v) P log(apiate )
73335800 480850 FOptate
<
) W a0 x (m) A’[: ,,,,,,
ﬂ o] [
- o,
”I
voxel hybrid

[ Parametric and voxel inversions can be combined J




What we have covered?

« West Plains (thin conductive intersecting structures)

Conductivity Chargeability Rock model

Elevation (m): 311 m Elevation (m): 311 m

7134521
7134521

7133949

Northing (m)
7133949

7133378
7133378

556855 557299 557744 556855 557299 557744
Easting (m) Easting (m)

RO R1 R2 R3 R4 RS
Rock units

[ 3D conductivity inversion may be essential for airborne IP }
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Why don’t we work routinely in 3D?

Basic elements are in hand:

e Understand the physics
« (Can simulate 3D for some circumstances
« Have solid methodology for the inverse problem



Why don’t we work routinely in 3D?

Roadblock: availability of software for

3D simulations

— explore EM fields, fluxes, charges to understand observations
— have realistic expectations for inversion

* |nversion
— flexible
— efficient
— transparent (lots of potential parameters to adjust)

— Non-unigueness: Do users really understand inversion?
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EM Induction

-

Field Examples

Computation

Open Source
Software
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