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Overview

AusLAMP MAPPING CONDUCTIVITY
Magnetotellurics (MT)

AusARRAY MAPPING SEISMIC VELOCITY
Passive Seismic (PS)

= New national-scale Pb isotope dataset and maps
= NAGS Data Release 2 Au, Pd, and Pt.

= National pre-competitive databases: team effort
= Bare(st) earth satellite imagery

= Data delivery
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Magnetotellurics AND Passive Seismic
Mapping Architecture

Cover-thickness: « Architecture is a key component of a
Audio MT (pre-drilling) mineral system

Cn:sm

» Identify the major structures in the

Crustal architecture: crust and upper mantle

Broadband MT (regional survey) ' .
Passive Seismic (regional survey) | * Image entire mineral system “root” —

g Lithosphere

;g‘- Lithosphgric architecture: « Improving scientific understanding of
=7 Long-period MT (AusLAMP) geological processes and

z geodynamics.

=

* Provide important information for
unlock potential mineral and energy
resources through integration

Mantle architecture:
Passive Seismic (AusARRAY)

Asthenosphere
{convecting mantle)
1
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Conductivity - Magnetotellurics

Coincident conductivity anomalies and mineral deposits
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AusLAMP: National-scale Survey Progress Update
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What is MT?

Magneto-Tellurics

Measures time A
variations of electric
and magnetic fields at
the Earth‘s surface

\ J

Electrical conductivity
[resistivity structure of

the subsurface
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The different type of MT mapping conductivity
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Why measure MT - conductivity

Resistivity (Qm)

0.01 0.1 1 10 100 1 000 10 000 100 000
: [ 1 | | ]
massive sulfides shield
- unweathered rocks
igneous and
graphite metamorphic rocks
(igneous rocks: mafic felsic) mottled duricrust
e | =zone
saprolite -[ weathered layered
(metamorphic rocks)
clays gravel and sand
| glacial sediments
tills
shales sandstone and conglomerate
I l | sedimentary rocks
lignite, coal dolomite, limestone
salt water fresh water | ermafrost
l I water, aquifers
seaice

100 000 10 000 1 000 100 10 1 0.1 0.01

Conductivity (mS/m)
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Interpretations of conductivity anomalies

>

>

aqueous fluids; partial melts; metallic compounds
deformation; graphitic or sulfidic sedimentary rocks; faulting
iron oxide — magnetite (breccia-hosted Ernest Henry IOCG)
sulfides concentrating along fold hinges

graphite precipitated from fluids along a fault zone
conducting phases at grain boundaries — sulfides

hydrogen and iron content in the crystal lattice

saline-filled sedimentary rocks; mantle step

asthenospheric upwelling; concentrations at tectonic boundaries
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MT Data acquisition

/xe:ectrode

Horizontal
magnetic coil

Ground electrode

L1 GPS

Recordin
Electric dipoles &

station
Battery
. /]

Horizontal

I\ magnetic coil

Schematic MT field layout, modified from
Schmoldt (2011).
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MT Skin Depth/Penetration Depth

1

1 1
d(w) = (Wiw)z = (Z;_Z)Z = 503\/ﬁ (Vozoff K,1972)

X104 EM waves into 100 Ohm-m half-space

0

04 +

A _:skin depth

depth (m)

1.4 \
10 Hz. 5 Hz. L.o Hz. 0.5Hz. 0.1 Hz

8 | . Conductive Resistive
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EFTF-AusLAMP: crustal architecture

Northern Territory — Queensland Border
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EFTF-AusLAMP: mantle architecture

Northern Territory — Queensland Border
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EFTF-AusLAMP and Bouguer gravity
Northern Territory — Queensland Border

Bouguer Gravity
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AusLAME |

EFTF-AusLAMP and mineral occurrence = O
Gradients/Edges
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AusARRAY

Collecting Passive Seismic Data

Seismic tomography highlighting

new prospective regions
exploration targets

distribution of sediment-
hosted and Fe-oxide-Cu-Au
base metal deposits as a
function of lithospheric
thickness in Australia

supplied by Karol Czarnota

nwealth of Australia
ce Australia) 2018
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AusARRAY - Passive Seismic

T
150°

T
120°

Temporary passive stations (current as of November 2017)
- Planned semi-permanent sife
n by ia and
®  Acquired by ia and g
Permanent stations
®  Austraiian National Seismological Network
Seismometers in School, ANU

Exploring for the Future northem Australia boundary
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Passive Seismic Energy Sources

Industry traffic rail rain ; Earthquakes

Atmospheric
turbulence

SEydney
- -

Seismicity i
Melb ourne
L

https://earthquakes.ga.gov.au/
Akal, Tuncay et. al. (2008).
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AusArray Passive Seismic Stations

Temporal (array of 120 sites) Semi-permanent

-
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Seismic Waveforms
Magnitude 6.4, Depth: 98km,

SOUTH OF FIJI ISLANDS

Excellent data quality, comparable
to permanent station quality
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PASSIVE SEISMIC QA-QC

AusARRAY 1 collected Nov 2018
New semi automated code

New efficient procedures

Using international and national data

e.g. GPS Clock analysis and other noise
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Products 2. Crustal structure 3. Crustal 4. Lithospheric
beneath each volumetric velocity mantle volumetric

station [Ambient noise tomography, velomty &

1. Cover-thickness [H-k stacking, CCP stacking & - s 1| \aveform inversion] lithosphere-
inversion of receiver functions]

beneath each station el (Yuan, 20154 ) L0 Aim to resolve features asthenosphere
HVSR analysis .| Nature Geosti) |§mne :
[ yeiel o R - <10 km wide between 1-30  boundary
o ‘ Y i km deep. [Teleseismic tomography,
STAVELY09 HVSR ;ﬂ e ' 4 full waveform inversion]
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Preliminary P and S-wave Seismic Tomography

% deviation from the reference model AK135 == ‘ ——

100" 120" 140° 160° 180" 100" 120" 140" 160" 180"

P and S-wave tomography of the Australian lithosphere at the depth range of 160-210 km
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National Scale - Framework
Conductivity 112 km Selsmlc Velomty Tomography 70-110 km

100° 120° 140° 160°

3D conductivity model using very wide  Preliminary P-wave model using very wide

Spaced geomagnetic network (Wang et al 2014) spaced earthquake seismic network (Image
A.Gorbatov)




Northern Territory Scale — Regional Assessment
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Preliminary TISA AusLAMP Conductivity
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Imagine the improvement in resolution
when we use AusARRAY 1 Data




AusLAMP AusARRAY
Magnetotellurics Passive Seismic
Conductivity Seismic Velocity

Significant up take in industry of both techniques

New data standards

New Open Source Code

New discoveries (particularly using MT in South Australia)

New Integration

- targeting near surface deposits as well as large crustal features

GEOSCIENCE AUSTRALIA [0 & Commonuealh of Austrela




But WAIT there is more...
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New seismic transects

=
South Nicholson 1102 km .
GA and NTGS, GSQ : in
Completed Aug 2017
Released
Kidson sub-basin 872 km
GA and GSWA

Completed Aug 2018
Release- Mid 2019

e JL'\

=
iy

g
1 |

v Lh

GreatAustaban Bight ! A
ADELAIDE | _4 p SYENEY
i e e

Il

JH“{JT‘I \

Southeast Lachlan 629 km

GA and GSV, GSNSW, AuScope \
Completed 2018 | | i Al

Release- late 2019 |+ TS

Offshore seismic sunay
—— Read

1 PP-24E5-5

For more information: http://www.ga.gov.au/about/projects/resources/seismic
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New national-scale Pb isotope

Sample_type
©  Unassigned
® Pb-poor

© Pbich

Mu

W <96

[ 9.6-9.89
1 8691022
7 10.22-10.61
[ 1061-11.08
[ 11.08-11.26
[ 11.56-12.04
B 12041271
[ 12711471
I >1471

dataset and maps

WUrE
1

138°E
1

David Huston et al.

GA 2019/001 Released this week
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Data released this week

NAGS Data Release 2 Au, Pd, and Pt. Philip Main Et Al. 2019-002
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dale.roberts@anu,ed.au
Bare Earth Model  Increase ) . e |Oh n .Wilford@qa.qov.au

Bare(st) earth satellite imagery to enhance geology

Landsat-8 Barest Earth mosaic, shown in False Colour
Sentinel 2: Red = clays, Green = Fe, Blue = silica
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National pre-competitive datasets: team effort

. Exploring for the Futi Feb 2019
L, : xploring for the Future, February

T : [ ausagm 2017-2018 compreted suvey

D AusAEM 2019 proposed survey

E] Gravity survey, South Nicholson Basin, released October 2017

Seismic reflection survey, South Nicholson Basin, released March 2018 Australian Government

AEM survey, Surat and Galilee basins Geoscience Australia
- AEM survey, East Kimberley

AEM survey, Northern Stuart Corridor ‘

¥
——— AEM survey, Southern Stuart Corridor . AUSTRAUAS

Seismic reflection survey, Kidson Sub-basin .*. N ORTH E RN
Reprocessed seismic reflection survey, Canning Basin ‘ . TE RR ITORY

Reprocessed seismic reflection survey, Carnarvon Basin
- Rep: d seismic r data, East Kij y
B AusARRAY survey Mount Isa to Tennant Creek
EFTF AusLAMP survey, completed
@  EFTF AusLAMP survey, southwest Alice Springs, in progress

Queensland
Government

Geophysical Acquisition Programs, current activities

D Airborne r ic and radi ic survey
D Gravity survey

D Airborne electromagnetic survey

D Magnetotelluric survey

D Airborne test site

AEM survey, Thomsoen
— Gravity survey, Thomson
s Sefsmic reflection survey, Lachlan

GOVERNMENT

AusLAMP survey, completed and in progress
AusLAMP survey, planned

N
NOTE: The greyscale background represents aeromagnetic data -
(0.5 first vertical derivative of total magnetic intensity) Tasmanian
Government
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National pre-competitive datasets: team effort

Australian Government

Geoscience Australia

@¥s AUSTRALIAS

%@ NORTHERN

© TERRITORY

% Queensland
AR Government

Nd Two-stage e

Onshore Seismic Lines Depleted Mantie Model National Geochemical Survey Water bores s GOVERNMENT
Data from Geosclence Australia and State/NT geological surveys 2 ﬂ‘
« Australia’s national geoscientific data is quality-assured and delivered FREE Government

» Historical exploration data is open file so subsequent exploration can build on prior work
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New methods to deliver the data

Bringing all together: national mineral potential mapping

, Auralian Govrment ey 0o ring for the Future (Nonprod)

TEReE T Girmschence Austradls

Crtlast

New tools: mineral potential mapping on the fly

New tools: economic and social impact decision support

Mantlel':tlhnsphere

Asthenosphere
{convecting mantle)
1

- o= . 8 3 4

e b v RN i o]t Rl ~ B

..........

o o S Biogrens (8 Mosisastam | D Comarte

https://mww.youtube.com/watch?v=xuPKM

< EAI3Bg

B mmo ereme \ow tool: EarthSci to visualise, integrate and deliver

GA-developed 2D anc
3D visualisation tool

supports integration &
visualisation wide
range data types

runs on normal PCs 8

Macs with reasonable
graphics card

malcolm.nicoll@ga.qov.au
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Thank you

Marina Costelloe

Marina.Costelloe@ga.gov.au
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Open source code

> Freely available on GitHub repository =
 https://github.com/GeoscienceAustralia/rimcmcmt ;

» C++ source code developed at Geoscience Australia
* Linux and Windows e S ot s
« Standard C++11 compliant compilers A e e

» MPI enabled for parallel multi-chain execution

» Contains usage examples

» Makes use of open source RIMCMC engine on iEarth
« Developed at the RSES, ANU
 http://www.iearth.org.au/codes/ri-MCMC
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P waves win the race (fast)
S Waves Damage

focus of earthquake
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