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Workshop overview

12:50 pm Introduction to MT

1:10 pm  Overview of data release products
1:20 pm  MT for targeting — exercise

1:50 pm Targeting discussion

2:00 pm General Q&A

e Sensitivity analysis

Overview
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Introduction to MT outline
MT basics
Regional survey design
Examples

MT limitations
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What is MT? .
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Source field

High frequencies (>1 Hz)
= Spherics

thunderstorm activity
world-wide

Low frequencies (<1 Hz)
= Micropulsations

Solar wind interacting w/
magnetic field

Vary on hourly, daily,
yearly cycles

High frequency = short period
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Data types

Audiomagnetotelluric
(AMT)

e 104-10°s

* Record time 2 hrs
Broadband (BBMT)

e 102-103s

* Record time 16 hrs

z5
""""
-gu®

Apparent resistivity

Long Period MT
* Record time 3 weeks

« 10'-10%s Increasing depth of investigation

»
>
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Depth of investigation

Skin depth characterises effective AMT
depth of penetration for MT Approx. 50 m to 5 km
Skin depth ~ 5034/ pT BBMT

Approx. 300 m to 150 km
p — resistivity (Qm)
T — period (seconds) Long Period

Approx. 15 km to 500 km
Conductive basin sediments reduce DOI
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Depth of investigation

Where does MT 250 m I
sitin the electr.lc AEM
methods toolkit? 500 m
1 km Ground
y Active EM
> km source
* Dependent on frequencies acquired ground/
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F i e | d S et u p Electric field

Magnetic field
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Data formats

Raw Data (time f |
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Processed Data

"IEBOG41A"
oombarigga & Quanetc Geoscience"
Moombarigga & Quanetc Geoscience"

ACQDATE=12/01/1. 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000
FIEEDATE:Oé/Zé/iS 0.000000e+00 0. 000000e+00
PROSPECT="ML Isa Exension" > LRk TMPEDANCES* ** % |
LOC="Area Name >ZXXR ROT=ZROT //80
[ ] LAT=-22.7792777778 1.310060e+01 1.502710e+01 1.236397e+01 1.014792e+01 5.963303e+00 3.745749
n LONG=139.373222222 1.204027e+00 1.375752e-01 -7.351406e-01 -1.163154e+00 -1.688326e+00 -1.835578
ELEV=173 -1.713725e+00 -1.748177e+00 -1.799323e+00 -1.620809e+00 -1.490893e+00 -1.587525!
STDVER! G 1.0" -1.492978e+00 -1.279888e+00 -1.394814e+00 -1.353692e+00 -1.168710e+00 -1.162154
PROGVERS: INGLINK EDI 1.0.22" -1.072702e+00 -1.140643e+00 -1.136824e+00 -1.170496e+00 -1.255756e+00 -1.347977
PROGDATE=04,23/02 -1.449321e+00 -1.644094e+00 -1.850011e+00 -1.895264e+00 -2.058434e+00 -2.110954
eCtra MAXSECT=999 -2.129100e+00 -2.265891e+00 -2.253600e+00 -2.275087e+00 -2.300035e+00 -2.211318
EMPTY=1.0e+32 -2.109168e+00 -1.960465e+00 -1.800172e+00 -1.534238e+00 -1.654158e+00 -1.395742
-1.394662e+00 -1.307700e+00 -1.247171e+00 -1.077193e+00 -9.359311e-01 -7.835566!
>INFO -6.629366e-01 -4.202279e-01 -3.699847e-01 -2.376280e-01 -8.872528e-02 1.391929
MAXINFO=999 6.117718e-02 6.279501e-02 1.090129%e-01 8.867258e-02 1.160536e-01 8.074182
Im n SURVEY ID:Mt Isa Exension 8.186655e-02 4.184055e-02 1.900602e-02 -1.001244e-01 1.338338e-02 2.134719
SURVEY CO:Moombarigga & Quanetc Geoscience -1.516897e-02 1.415148e-02 -3.148569e-02 -6.534581e-04 -2.026141e-02 -6.218970!
CLIENT CO:Geoscience Australia -1.072550e-01 6.435659e-02
AREA:Area Name >ZXXI ROT=ZROT //80
ROTATION=FIX 5.730218e+00 1.159317e+01 1.245594e+01 1.020833e+01 8.500814e+00 6.059513
5.768722e+00 4.387609e+00 4.060172e+00 3.419238e+00 2.358721e+00 2.140120
>=DEFINEMEAS 1.532325e+00 1.046160e+00 7.773894e-01 6.053051e-01 3.821206e-01 3.362478
IAXCHAN=7 1.616238e-01 1.037530e-01 7.046682e-02 8.156181e-02 -3.205133e-02 5.374234
2 2.042514e-01 2.428521e-01 3.358902e-01 4.926832e-01 5.244562e-01 6.623200
Geological Survey of Queensland . 6.546205e-01 7.431184e-01 7.566462e-01 7.200420e-01 5.822656e-01 5.320982
C l b t MT Baslcs 3.389185e-01 2.017554e-01 3.238232e-02 -9.269182e-02 -3.179556e-01 -3.941559
elepra Il'lg -4.317667e-01 -2.853222e-01 -5.433932e-01 -7.619333e-01 -6.003893e-01 -7.405451

-3.328170e-01 -7.748593e-01 -9.061167e-01 -9.381371e-01 -9.711717e-01 -9.496376
-9.868164e-01 -8.703715e-01 -8.051529e-01 -8.303933e-01 -7.216777e-01 -6.284543
REFLONG=139 373222222 -5 279480e-01 -4_.246398e-01 -3.366913e-01 -2.391424e-01 -1.558354e-01 -1.231213«
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MT workflow overview

Data collection

Survey planning Data collection and processing Contractor models generated

Data analysis

Dimensionality Strike Noise and distortion

A 4

Modelling

Inversion Sensitivity analysis Interpretation
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Inversion 3
Observed Resistivity
data model

Forward modelling

Resistivity Predicted .
model data i
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Sources of conductivity

Electrical Resistivity (QQm)
0.01 0.1 1 10 100 1000 10,000

Composrtlon » h Massive Sulphides

B Sea Water

| Brines / Geothermal Fluids

* Temperature Pure Melr
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Regional survey design

* 2-5 km station -, 2007 %
spacing "

:")' oo’
97

* BBMT/AMT < 8

2016

e Regional 2009
g “‘\_\_"_\'."

targeting ‘

2014-15

Geological Survey of Queensland
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Long Period
example

53 km depth slice

255 km spaced
sites
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Thiel and Heinson, 2010 . o
it
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upper mantle E :
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BBMT data

Crustal features
2 km station spacing oo

G S~

Depth (km)
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Relevance to exploration

* Conductivity
anomalies associated
with major deposits

* Profile data only

OD - Olympic Dam
WW — Wirrda Well > \
VC —Vulcan
Geological Survey of Queensland /
Celebratmg

Explori nsland’s Res
i Gawler Craton




Cormorant

Ernest H
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Introduction to MT outline

Limitations
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MT limitations - vertical current
gathering

resistive

Current flows through
conductive bodies //v' Qr resolution>

Areas beneath
conductors have low Electric current
current density

conductive

Geological Survey of Queensland
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MT limitations - vertical current

gathering

3 models:
Same 2 surface layers
# Additional basin units

* Potential exploration
target

Calculated MT responses
almost identical

Geological Survey of Queensland

Limitations
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MT limitations - vertical current

gathering

Comparison to drilling

500 |-

1000

Depth (m)

1500

2000
0
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MT limitations — Non-uniqueness

e Models from
the same
data

— Different ————— ———————————————————————

g = [Bmiesay

code . )
— Different -
parameters

0 10000 20000 30000 40000

GeologicalSurv:ey of Queensland . . o g S~
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Take home messages

MT data provide information about crustal resistivity at a
variety of depths

Regional MT surveys are designed to help target exploration
rather than drilling

Inversion is used to generate resistivity / depth models for
interpretation

Non-uniqueness and target resolvability can have significant
impacts on interpretation

Geological Survey of Queensland
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http://qdexdata.dnrm.qld.gov.au/flamingo/

Cloncurry MT dataset

&Queensland Government

L L
I n I t I a I r e I e a S e Department of Natural Resources and Mines

Search Queensland — Geoscience Data € | Map

-- Enter text to search -— | W Apply Area of Interest

¢ . ed i fi I eS ™ Apply Advanced Search GT B ]

- Coord-Sys GDA94

o~ Xmin 137.936579|
Queensland - Geoscience Data (15453) Yemin -21.176252|
) 3D Models 7 Xmax 142.723668| ‘

* Acquisition reports

|) Data Packages
1) Geochemistry
|3 Ground Geophysics
° ) Gravity
* Contractor models (i
L3 cloncurry MT
i Clencurry MT model and reports

I IsaExtension

available) = ” Mount

° T|mes series data 1 o M et e eps I S a /I’,' |

l

Download O

Cloncurry MT model and reports 4% 32.4MB  #

(offline delivery) ~

Dataset title Cloncurry MT model and reports

Order (Offline Delivery) O Abstract/Description Madelling and data package for the Cloncurry magnetotelluric (MT) survey. This package contains original col
Products from the inversion model are supplied as .dat pointset, GoCAD .sgrid, GoCAD .ts, ModEM inversion

details and parameters of the modelling is also supplied

MT data were collected at 476 sites with a grid spacing of 2km in the area to the north of Cloncurry between J

Geological Survey of Queensland
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Exploring Queensland’s Resources



http://qdexdata.dnrm.qld.gov.au/flamingo/

http://qdexdata.dnrm.qld.gov.au/flamingo/

Cloncurry MT dataset

Contact u:

Department of Natural Resources and Mines

Second data release

Search Queensland — Geoscience Data € | Map

-- Enter text to search -— | W Apply Area of Interest g e [ B 3 © Show Browser Map

- -
™ Apply Advanced Search G 6 ® Ji L
i /

.
( - Coord-Sys GDAS4
o~ Xmin 137.936579| (
Queensland - Geoscience Data (15453) Wi -21.176252
() 3D Models  Xemax 142.723668] | {
(5 Airborne Geophysics /Y -19.388110| I‘ -

() ASTER

. |) Data Packages

. 1) Geochemistry
|3 Ground Geophysics

() Gravity
12 Magnetotelluric
L3 cloncurry MT
i Clencurry MT model and reports

I IsaExtension

I2) southeast Mount Isa
= ‘ j O u n
Data Layers

- |
~

|| Cloncurry MT model and reports S a I i
f
2] I ' )

Download

[1] clencurry MT model and reports % 324 MB  #®

Metadata
Dataset title Cloncurry MT model and reports
Order (Offline Delivery) O Abstract/Description Madelling and data package for the Cloncurry magnetotelluric (MT) survey. This package contains original col

Products from the inversion model are supplied as .dat pointset, GoCAD .sgrid, GoCAD .ts, ModEM inversion
details and parameters of the modelling is also supplied
MT data were collected at 476 sites with a grid spacing of 2km in the area to the north of Cloncurry between J
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http://qdexdata.dnrm.qld.gov.au/flamingo/

Cloncurry MT dataset

. Depth slices File folder
.. Model files File folder
\ . Criginal data File folder
.. Pointset File folder
. Report File folder

‘ Read me.txt Text Document

Geological Survey of Queensland

Celebrating MT Products
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Cloncurry MT dataset

Readme contains:

Folder contents
* File formats

e Suggested software
(if applicable)

* Contact details

* Information about
product generation

Geological Survey of Queensland

Celebrating

Exploring Queensland’s Resources

This package contains a variety files for the Cloncurry MT model.

A1l products are derived from the Isa_100hz_z_run4_NLCG_051.rho contained in the model folder.
Data package produced by Geological Survey of Queensland

For more information email geophysics@dnrme.qld.gov.au

Folder - Depth Slices

Contents - Georegistered depth slices from 3D resistivity model.
Colourscale from 1 Ohm.m to 1000 Ohm.m (red-blue)

File formats - .tif

suggested software - ArcMap, MapInfo

Folder - Model files

Contents - ModeEM folder containing inversion files in ModEM format
- GoCAD folder containing SGrid and selected isosurfaces

File formats - .rho .res and .dat; .sg .ts

suggested software - 3D Grid, MT-py; Geoscience Analyst, GoCAD

Folder - Pointset

Contents - x,Vy,zZ,resistivity file generated from the inversion model.
ATl points are centre cell located in x, y and z directions.|

File formats - .dat file

Folder - Report
Contents - Report on inversion modelling

Folder - Original data

Contents - edi format MT stations, station location shapefile and acquisition report
File formats - .edi .pdf .shp

suggested software - winGLink, MT-py

Please note - suggested software lists are not exhaustive



Cloncurry MT dataset

* Modelling report

* X,Y,z,restivity point file

* Located geotif depth slices
e Sgrid

* |nversion files

e Data (.edi files)

MT Products
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Use provided MT data package to target 5
km? exploration area(s)

* Cloncurry MT data package

— Geoscience Analyst — sgrid/point set
— GIS package - depth slices

Geological Survey of Queensland
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Use provided MT data package to target
5 x 5 km exploration area(s)

* Cloncurry MT data package

— Geoscience Analyst — sgrid/point set
— GIS package - depth slices

Geological Survey of Queensland

Celebratmg Exercise



Some how to screenshots

I Depth slices File folder
| QDEX Data Download File folder mmmm— _ _
. Model files File folder
I GoCAD project File folder o )
I Original data File folder
I 3D PDF File folder . .
I Pointset File folder
! Report File folder
Read me.txt Text Document
View and rotate model only * Geoscience
| Geoscience Analyst
Analyst
I GoCAD
* GoCAD

Geological Survey of Queensland

Celebrating Exercise
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HoloLens

* Augmented reality view of the Cloncurry MT
model

Geological Survey of Queensland
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Exercise 1

* Targets supported by several sites

e Targets on edges

* Anomalies associated with 1 site

* Targets consistent in the sensitivity analysis

Geological Survey of Queensland

Celebratmg
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Take home messages

* Regional surveys are designed for exploration
targeting NOT drill targeting

* MT inversions produce variable results
— Edge effects
— Poorly constrained features

* Petrophysical properties of cover can play a
significant role in target resolvability

N \\\
Geological Survey of Queensland SN
\\\i\
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What is sensitivity analysis for?

* Inversion testing to establish sensitivity and
resolvability of key features

* Generally included in modelling report

Geological Survey of Que

Celebratmg 0 Sensitivity analysis




Cloncurry example

Depth (km)

10 b 0 4
Distance along the profile (km}
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Isa Extension
example

Isosurface models for
15 inversions

Comparable data fits

Up to 4 conductive
features

ere s R\ Depth (km)
Celebrating 1 1 () Sensitivity analysis I T | i(l)
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Isa Extension
example

Variability distribution
with depth

Blue features low
variability = low
uncertainty

Red features high
variability = high
uncertainty

0.5

0 1
I T Average absolute variability Log,, Resistivity (Qm)
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Sensitivity analysis provides a quick
evaluation about the reliability of
inversion features
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Extra exercise

Depth (m)

* What is hiding
beneath
conductive cover?

400

600

1D modelling
exercise

800

1000

1200
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Exercise 2

* 30% rule of thumb

Geological Survey of Queensland
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Regional survey design

Cloncurry MT survey
— 2 km grid g
— 1000 Hz to 1000 s

Isa Extension MT survey

— BBMT sites 2 km x 5 km spacing
— AMT 500 m sites

— AMT 10,000 Hz to 1 Hz

— BBMT 250 Hz to 2000 s

QUEENSL

Geological Survey of Queensland

Celebrating Regional surveys



MT limitations — inappropriate inversion

 MT data have inherent
dimensionality

1D D
« 1D data can be o o
modelled by 3D [ I
inversion ‘ 1 4=

e 3D data cannot be
modelled by 1D or 2D
inversion

Geological Survey of Queensland
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MT limitations — out of array effects

MT data can be
sensitive to a feature
but unable to resolve it

Isa Extension dataset
- Long period data
unable to be modelled

Geological Survey of Queensland
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MT limitations — modelling noise

IEAD3266
1w T T T T T
T : i HESH M
E o — + Moy, 5.00) ' ' #’}é_;?if%
= FIFT FEE 3
g f;_'jiiﬂﬁiiizilé gued :
~200 i f i
a
<
10 I I I
2 § FE R 8§ 2 8B EKE B R B 5 8
- " - - 1] o - - - - - - - - la wE:
S e
0 VWV V Vv Vv Vv v v v 3 e
= s
2 LE
& of:
Ok : 13:
10 1w w 10 iy

Period (s)

200 |- I

IEADS 1T IR

e SET. T T T T=T T Tea:7 T LEL E
L— + My 1328 i : :
- Ju -+ e -
E e ._ﬁu.‘f':,.ﬂm E E
2 T R e : g
C ' _'_':-I“r' I ]
400 | 3 o b dummR T i R
A e o T T -
uﬁa— P [ S -
PR ki = A e ,.
SERFHEES: HEHH: --_faif"' HEE: s

1 1 1 i il I

Phase (deg)

Geological Survey of Queensland

Celebrating Limitations

Exploring Queensland’s Resources



VL0255 WD
VO0ZSE Mg

viLIGI®
VOLIGE ®

Finding

inversion
features in

TTTTT I T I T I T T T T T T T T T T T T T T T T T I T T T T I T T T T I T I T I T IT T TTITTITIT]

rrrrrrrrrrrrrrrrrrrrrrrrert

000000

<
-

R R IR

000000000000 C

P Ao b b erdbosdd
¢

\
000

0000000000000000000000

o/ =ce t
231 12uN 0000600000
R

-
<
=
€
-

SSscssiteoss

o
T4

35335

'\Boo.sww.
| @ ~=00000\

A\
0\ WesO\

1100/ ~==)
ifiioree i

2883232583-58R-383858582°853

-
[~}
$2813

mgm»qmzmg&m

=

cooQ

OO

2222222222323222332232828202 0020000 a0ocnsoasan sosooonosos oo cooasoooc caosoosa0s

\ 90\ \ 904
000K

N Y\\e(

COOCOON \ /i
| | @0==\Q \\\ =@v|

data

(s) pouag

ing

Geological Survey of Queensland

Celebrat

e

S€5323<

38383

SSSS

838828 52280-85832288

SS2ss23s222
mmm
18382¢33553832!

b4

2

g 1

Exploring Queensland’s Resources



