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Australian Lithosphere
Architecture
Magnetotelluric
Project

 History and background
 The AusLAMP Array
« Research highlights
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Geomagnetism — The very early Days

Parkinson 1962



Geomagnetism - The Early Days
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GDS - Now in colour

3D inversion of tipper data

Thin sheet modelling
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First 3D inversion of long-period MT in Australia

« Data acquired in 2006 and 2008 across

the Gawler Craton

 First recognition of anomalous mantle
resistivity as a result of metasomatic

processes

» Only very loose correlation to major
mineral deposits

- Cel centres of model grid
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Motivation —the first link of MT to major mineral systems

A Broadband Stations
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Delivering
AUsSLAMP

« Data acquisition funding from federal
and state geological surveys, AuScope
(to date around $6-7M)

 Instrument funding through AuScope
and Geoscience Australia

« Some university funding (University of
Adelaide and University of Tasmania)

« Computing time on NCI (National
Computational Infrastructure)
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Goals of
AUSLAMP

Help to

understand the geologic and tectonic history
of the Australian continent

helping to identify footprints of mineral and
energy systems at a broad regional scale,
not at a local property scale

Provide a backbone EM data set to inform
future and current high-resolution EM
surveys, e.g. broadband MT, airborne EM

analysing risks to Australia's electricity
infrastructure
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Instrumentation

* 10 Hz sampling in the field, reduced
to 1Hz sampling for processing

* Low noise LEMI fluxgate
Instruments from AuScope National
Instrument Pool (University of
Adelaide, Goran Boren)

* Geoscience Australia Instruments
pool

5 channel MT data




AusLAMP South Australian

Community Engagement - Land Access

Land Tenure types | . o £
encountered include: R
e Pastoral Leases - o
* Freehold / Perpetual Lease =

Lands ’

* Aboriginal Freehold Lands / IPA’s
eg Maralinga-Tjarutja Lands, APY —
Lands

e Woomera Protected Area

e State Conservation Areas /

National Parks / Wilderness Area

* Infrastructure Land

HHIHI
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i

I
I
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AusLAMP South Australian - Logistics

* Mainly used the ANSIR EDL MT Units housed at Adelaide University.

* Usually deployed 25 MT units per field trip, with around +/- 2 sites failing
(best was 1 failure, worst was about 8 from animal damage).

* Depending on access, used a combination of vehicles and/or helicopter
for deployment.

* Used a core group of three who managed SA
AusLAMP and understood good deployment
to maximise recording good data.

e Often camped out to reduce travel times.

o NS "
Wik R
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AusLAMP South Australian - Field Work

Communications

Language

Word-of-Mouth

Utilising networks

Build on existing deployments
University vs Government or
Company Brand




MT data collection

4 day recording 29 day recording
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= Legend ‘
‘ —= 1000 s Induction Arrows

125"

130°

140°

145° 150°
Department for Energy and Mining
K Robertson pers comm.
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Modelling of AusLAMP data

* Rigorous model parameter testing in Robertson et al., 2020, EPS

* Wide range of modelling parameters need testing, especially
* model covariances in relation to cell sizes
« Starting half spaces
* A priori information

&




Modelling of
AUusLAMP data

e Influence of model
covariance on the
Inversion results

RMS vs starting resistivity
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First AusLAMP deployment — Proterozoic-Phanerozoic Transition
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110° 120° 130° 140° 150°

Musgrave Province

» Area of intraplate deformation

» At the triple junction between
Western Australian Craton, Northern
Australian Craton, South Australian
Craton

* mineralization associated with ~1070
Ma Warakurna Large Igneous
Province Giles Complex, e.g. Ni
potential of Nebo Babel deposit

8@50 750 1500 2000 2500 3000

Elevation (m)




Mid-lower crust model slices — development of E-W trend

30 km

24°5

26°S

26°S

28°S

124°E 126°E 128°E 130°E 132°E 134°E 124°E

% Nebo Babel Ni-Cu sulfide deposit Thiel et al., 2020
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Bouguer Gravity
-1500-1000-500 0O 500 1000

Comparison of resistivity with Bouguer gravity i
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Thiel et al., 2020
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GA’s Exploring for the Future program

AusLAMP planned sites
Acquisition in progress

* Acquired sites for other programs
(as of December 2019)

* Acquired sites for Exploring for the Future Program

(as of December 2019)
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Phanerozoic tectonics in SE Australia

 Model of the Tasmanides in SE Australia

» Crustal architecture a result of an Orocline
model during the Silurian (Moresi et al., 2014)

* Oroclinal rotation along the eastern Gondwana
margin around the Proterozoic Selwyn Block
(microcontinent) (Cayley, 2015)

* AusLAMP planned sites. )

® Acquired sites for other programs (as of December 2019) !
® Acquired sites for Exploring for the Future Program (as of December 2019)
© Acquisition in progress

H

~——— Exploring for the Future northern Australia boundary

Kirkby et al.,

2020
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Phanerozoic tectonics in SE Australia

30°S .
2]
Newer Volcanic Gp

» Lower crustal conductors align with potential 3705 QI
volcanics (Cz)

field data and seismic anisotropy (not shown) AlkaliiBimatic

volcanics (Pz - Mz)

- Correlation with Ordovician arc magmatism SUSTESE T,
and alkaline mafic volcanism

« Generally good correlation of lower crustal
conductors with gold deposits

* NE trending mantle conductors associated with
Cenozoic volcanism along the Cosgrove
hotspot track (Davies et al., 2015)

Alkaline mafic
volcanics (Cz)

>
36°S|-

38°5 =L

| g~ , |140km
142°E 144°E 146°E 148°E 150°F

80 100 120 140 160 180 10! 102 103
LAB depth, km Resistivity, ohm-m
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: 142°E
Kirkby et al., 2020




The mineral potential of the Gawler Craton

R
MUSBRAVE PROVINGE
~-

CURNAMONA
PROVINCE

Total Magnetic Intensity Bouguer Gravity Electrical Resistivity (30 km)

Department for Energy and Mining




Imprints of metasomatised lithosphere in the Gawler Craton

-]

Olympic IOCG province D: high velocity
depleted
o SCLM
30°S Fsnn, Curnamona IOCG

.
e

F: high velocity! TN ' ! 2 .
depleted .

32°S

underplate

o _.below
8PS arc/

¥ baEk\':‘!;'c

I

4! l
. !
H 2

C: velocity

gradient E: variable velocity

metasomatised

Paleoproterozoic
SCLM
34°5 Legend
z Olympic Dam 10CG
I0CG deposits

@ 10CG prospects

+  AusLAMP MT station
— Tectonic Boundaries

7&({( IOCG deposit: major, minor
¥ Gold deposit

\ Interpreted transcrustal to
translithospheric boundary

132°E 134°E 136°E 138°E 140°E 13578 MOE

Thiel et al., in prep Skirrow et al., 2018
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Anomalous abundance of hydrated minerals - fluorine

e Hiltaba Suite

e lower GRV

e undifferentiated GRV
e upper GRV

-===. dVerage continental crust
--==.average felsic volcanics
----- average granite

Data source for plot:

GSSA data; Pankhurst 2006; Budd
2006; Creaser 1989; Salters &

< Stracke 2004
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Cratonic root control on mineral deposits — South
Australia

130°E 132°E 134°E 136°E 138°E 140°E
28°S 1 1 1 % 1 1 =
Copper occurrences and L N /. T
resources occur on high .
conductivity regions or 30°s a0
on the boundaries
between low resistivity
and high resistivity
25 MTstes O -32°
Copper Contained Resources (Log Tonnes) cf,
Q s
Q 10
Copper Occurrences
34°54 @ -34°S
Log Resistivity (Ohm.m)
e 4.5
30 km depth slice
[ )
03060 120 180 240
36°S1 s s Kilometers -36°S
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Mineral system concept

4

Crust

Lithospheric Mantle

Asthenospheric Mantle

Spent fluid discharge

1]

Lateral dispersion . Lateral dispersion
— or R —
5 >

T x Traditional scale
of knowledge focus
Heat Fluids Metals

surface

10 km

Broadband Long
MT period MT

~50 km

200 km+

Adapted f UNCOVER, 2012 L3
apted rom ' and Mining



Cratonic root control on mineral deposits — South
Australia

FOCUS | PERSPECTIVE

PUBLISHED ONLINE: 13 OCTOBER 2013 | DOI: 10.1038/NGEO1954

Continental-root control on the genesis of
magmatic ore deposits

W. L. Griffin'*, G. C. Begg'? and Suzanne Y. O'Reilly’

Diamonds

“.we argue that the sub-continental

lithospheric mantle may actually contain =
Melt-SCLM

Ni-Cu+PGE
ore-forming elements that could be oy
entrained by ascending magmas....\We 7
therefore suggest that models for ore  ...iesscim /
genesis and exploration need to incorporate .. e meins EEEES
the entire lithosphere to be effective”

Plume

N svartmant for Enara ~A Mininn
pvepartiment 1or chergy and wviimning



Cratonic root control on mineral deposits — South

Australia
|OCG

Gawler Craton Province Flinders Ranges

a
, Ni-Cu=PGE 0.00 : N —3
D|amC}nds 1

60.00

PGE

central Gawler Craton

Depleted Melt-5CLM g

SELI;[A interaction é 12000
=
& 180.00
()

Refertilized SCLM
High-degree melting

240.00

Low-degree melting

Plume 30000 [
0 200 400 600 800
Distance along the profile (km)
Griffin et al., 2013 BT I
3.16 10 316 100 316 1000 3330

Resistivity (QQ m)
Thiel et al., in prep
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Olympic Domain in-fill survey

136°30'E  136°40'E  136°50'E  137°00'E  137°10'E  137°20'E  137°30'E  137°40'E  137°50'E

31°00'S 31°00'S

31°10'S

31°10'S

31°20'S

31°20'S

31°30'S

31°30'S

31°40'S 31°40'S

31°50'S 31°50'S
137°40'E

32°00'S

32°00
} 6°40'E  136°50'E  137°00'E  137°10'E  137°20'E  137°30'E 137°50'E

Funded by PaceCopper, South Australia
government initiative funding

Tender process with Geoscience Australia

Total of 334 BBMT and AMT stations (10%s -
~2000 s)

Collected by Zonge in mid 2018, reprocessing
by CGG in Q2 2019

Variable site spacing between 1.5 km and 5 km

Grid dependent on road access, geographical
features (dry lake beds)

Co-located airborne EM survey for cover
characterisation

Department for Energy and Mining



Olympic Domain in-fill survey
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Oak Dam profile (E-W)
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Conclusions

 AusLAMP is a publically available long-period MT data set through web portals of state and federal
geological surveys

 The AusLAMP arrays advance our understanding of mineral systems of the Australian continent, the
geodynamic framework of past and present tectonism, and space weather hazard

* Through AusLAMP, the EM community has steadily grown over the last ten years with growing
expertise within geological surveys working in conjunction with academia

» Led to exponential increase in the uptake of MT in industry, academia and government with

particular focus on mineral exploration in a wider geological context
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