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The exploration challenge

Australia’s known Publicly available
mineral deposits drilling data

Courtesy Geoscience Australia
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National datasets to guide
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Exploring for the Future
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Deep roots of the giants: Olympic Dam
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National pre-competitive databases: team effort
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Map the surface
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Bare(st) earth satellite imagery to enhance geology

dale.roberts@anu,ed.au
john.wilford@ga.gov.au

Landsat-8 Barest Earth mosaic, shown in False Colour
www.qga.gov.au/dea Sentinel 2: Red = clays, Green = Fe, Blue = silica



http://www.ga.gov.au/dea
mailto:dale.roberts@anu,ed.au
mailto:john.wilford@ga.gov.au

Soil Geochemistry and Big Data Analytics

Method:
Wilford et al. 2016
Applied
Geochemistry

NAGS:
Phil Main

http://www.ga.gov.au/
eftf/minerals/fis/nags



Mapping Australia: mapping Fe from chemistry points

National OZCHEM
database

(soils, regolith and rock
samples at the surface)

Fe (%)

¢ 0.0-33

o 34-79

O  8.0-228

(O 229-485
N = 32,800 () 486-69.8

OZCHEM data — Dave Champion and others:
Method:

https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.

search#/metadata/65464 Wilford et al. 2016 Applied Geochemistry



Mapping Australia: Fe surface model prediction

* Fe model of
Australian
surface

 UncoverML

 All major
elements being
0.1 5 >10% mapped

Method:
Wilford et al. 2016 Applied Geochemistry

r2 .69
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National Airborne Electromagnetic Survey: AusAEM

* Provide a 20 km spaced
national framework for AEM
surveys

«  Map:
» cover-thickness
* cover-character
* hydrogeology
« direct-detection

* Reduce exploration risk
& stimulate investment

» http://www.ga.gov.au/eftf/miner
als/nawa/ausaem



National Airborne Electromagnetic Survey: AusAEM
Stage 2 in progress: over 1 million km? Stage 1 Delivered: 1 million km?

72,500 line km PLUS 64,000 line km of company infill 60,000 line km PLUS 6,000 line km of company infill

http://www.ga.gov.au/eftf/minerals/nawa/ausaem
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Crustal architecture

Doublier & Korsch 2017 (GA dataset)
Korsch & Doublier 2015 (Ore Geology Reviews)




Still improving the potential fields and radiometrics

Gawler Craton
Airborne Survey

Magnetics &
radiometrics

1.66M Line km
295,000 km?

200m Line Spacing

60m Ground Clearance

http://www.energymining.sa.gov.au/minerals/geoscience/pace_copper/gawler_craton_airborne_survey community_information



New seismic

South Nicholson 1102 km

A 4

GA and NTGS, GSQ
Completed Aug 2017
Released

Kidson sub-basin 872 km /

GA and GSWA
Completed Aug 2018

Southeast Lachlan 629 km
GA and GSV, GSNSW, AuScope
Completed 2018

v

Tanya Fomin / Ross Costelloe
For more information: http://www.ga.gov.au/about/projects/resources/seismic



Seismic 3D fence around Mt Isa
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Isotopic architecture: a new national atlas

Shallower

Deeper

K-Ar / Ar-Ar
7

Pb-Pb

T

U-Pb

T

Lu-Hf

T

Sm-Nd

National
geochronology
coverage

http://www.ga.gov.au/eftf/minerals/naw
a/geochronology-and-isotopic-mapping



Isotopic architecture: a new national Pb isotope map

Huston et al 2019, GA record 2019/001 Huston et al In Prep
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AusLAMP: a national-scale survey in progress

Status as of
June 2018

Commenced late 2013; collaborative
project with universities/State surveys

Completed ~1000 of ~3000 sites, ~ 55
km station spacing

Broad-scale; highlight areas for infill

GA acquisition programs:

Northern Australia (EFTF)

New South Wales (GA + GSNSW)
fieldwork ongoing since 2016

Victoria (GA + GSVic) — data released:

https://data.gov.au/dataset/australian-lithospheric-
architecture-magnetotelluric-project-auslamp-victoria-

data-release-repo



https://data.gov.au/dataset/australian-lithospheric-architecture-magnetotelluric-project-auslamp-victoria-data-release-repo

AusArray: passive seismic

» Collaborative program between
government and academia

* Improve national 3D velocity
models

* High resolution in areas covered
by transportable array

GA contribution:
* Northern Australia under EFTF

Alexei Gorbatov



Integrating seismic reflection, MT and velocity

Velocity model: Alexei Gorbatov
Resistivity model: Jingming Duan

P Wave velocity model slice at ~150.km
’

2D reflection seis
‘fence’ to 60 km K
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New tools: mineral potential mapping on the fly

Toggle input rankings
and generate new maps

https://nonprod.eftf.ga.gov.au
Simon van der Wielen & the Flying
Hellfish



New tools: economic and social impact decision support

Opencut - 200Mt Analysis
Break-Even Grade (%)
20.6

15
10

5
0.6

——— National or State Highway

— Arterial Road



New tool: EarthSci to visualise, integrate and deliver

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

EAj3Bg

GA-developed 2D and
3D visualisation tool

supports integration &
visualisation wide
range data types

runs on normal PCs &

Macs with reasonable
graphics card

malcolm.nicoll@qga.gov.au



https://www.youtube.com/watch?v=xuPKMEAj3Bg
mailto:malcolm.nicoll@ga.gov.au

Take home message

* GA supports resource exploration
through collection of national datasets in
collaboration with state/territory surveys

 EFTF aims to unlock completely new
areas for exploration

« Use a diverse set of geoscience
datasets that sample a large range of
lithospheric depths

 Integration using a mineral systems
approach
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Questions?

Alison.Kirkby@ga.gov.au Science in the Surveys, Maitland, 26 March 2019
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Unveiling the most powerful
exploration tool for the 21st century

Wik
NSW

GOVERNMENT Department of Planning and Environment



‘Boots on the ground’ fieldwork

 Basic geological field mapping and sampling
will continue to be the foundation of GSNSW
projects.

» Access to the field is getting more difficult.

e Therefore fieldwork must ‘build on the
shoulders of giants’.

« NSW Seamless Geology creates a ‘land of
the giants’ that new fieldwork can build on.

« But: ensure geologists immerse themselves
long enough in projects to make true insights
and advance our knowledge.



East Riverina mapping: zooming-in on tin mineralisation

* Project 2014-19 to improve 50 yr old
mapping.

+ Old theory was that tin-bearing
granites were all Koetong Supersuite
crystallising @

* New mapping and dating showed that
mineralising granites @

» This has dramatically refined the
exploration ‘search-space’ in the
Wagga Tin Belt.

Ard.

Ard.

Source: Guj &

Mamuse 2013

Dating program undertaken in

collaboration with Geoscience Australia




Not just fieldwork: McPhillamys gold deposit

» Collaborative work with Regis Resources on
the 2 Moz McPhillamys gold deposit near
Orange.

» Core logging and petrographic work shows
mineralisation to be clearly pre-deformational
involving high heat flow.

 Alteration halo potassic>sericitic.

» Compares very well with HyLogger™ data.

Source: JA Fitzherbert GS2018/0977

Main ore zone: folded
pyritic veins in dacitic
volcaniclastic host




Not just fieldwork: hyperspectral mineralogy

» HyLogger™ data for >330 drillholes
available free-of-charge.

» Accuracy of mineralogical interpretation
constantly being refined.

« Corescan™ now owns the technology and
is developing the next generation scanners.

* In this McPhillamy’s example you can see
chlorite wavelength and ankerite content as
vectors to mineralisation.

 Industry can submit core for scanning at
competitive rates.

Chlorite
wavelength

I Ankerite
content

Main
Ore
zonhe




What will change in the 21st century?

QERSNMENT Department of Planning and Environment



Another turning point in the digital age?

* |t took Google’s Al algorithm AlphaZero only
four hours to ‘learn’ chess after being given
the rules and playing itself.

* Looks at only 80,000 positions/second,
compared to Stockfish's 70 million
positions/second.

* 100-game match with 28 wins, 72 draws, and
zero losses.

Machines figuring out
rules that humans can’t
detect.




The future Is already here: Al-based exploration companies

e Earth Al

« Earth Science Analytics

Machines figuring out

)
rules that humans can’t &% EARTH SCIENCE

detect. = ANALYTICS




Mineral exploration is an undercover operation

« Exploration is not chess.

* Mineral systems are complex,
multivariate problems, with many of the
variables impossible to directly measure,
or even reliably estimate.

* There is not enough undercover data
collected in most areas for Al to make a
real difference YET.

* For the next 20-30 years, exploration will
still require new data to be acquired and
organised into relational databases.

» After that — it's data lakes, Al, and all bets
are off!

11



What i1s the GSNSW solution?

QERSNMENT Department of Planning and Environment



GSNSW - one geology model

 All geological data consistent,
relatable and best-available.

« Maps, point data, geophysics,
3D models, mineral potential
models. " e

« Explanatory notes, GS reports.

« Exploration data: drillholes, logs,
assays, HyLogger™ scans.

« By 2021, users will access a
single data framework that will
be continually updated.



Seamless Geology: most complex digital map ever released



Metamorphic maps

» Metamorphic facies and
isograds mapped by
geodynamic event.

« Zones 54, 56 complete and
preliminary Zone 55E
complete.

Source: Chris Folkes
after GS2018/0172

15



Fault attribution

« Every fault attributed with:
o geometry
o order
o parent
o kinematics by geodynamic event.

« Zones 54, 56 and preliminary Zone 55E
complete.

M Province Structural features Relevance for mineral prospectivit

Extensional detachment between the Broken

Faults located at the contact

Olary Curnamona between the Broken Hill and Hill and Sundown Grou.p is a.Iso a major redox
Detachment SUnEleT S, boundary and potential site for Pb-Zn-Ag
mineralisation (Gibson & Nutman, 2004).
Cobham Kink cumamona e o\ striking faults located = o'" Stiking zone of crustal weakness that
Zone & in the Cobham Kink Zone. may have favoured repeated igneous
Delamerian intrusions (Gilmore et al., 2007).
Faults that are spatially related to the
Dominantly NW-SE striking Neoproterozic (c. 585 Ma) mafic igneous
- ] faults spatially associated Mount Arrowsmith Volcanics. These igneous
G. Phl"lpS Delamerian ' 4 the Mt Amowsmith rocks and associated foults may host
(68201 7/0556) Volcanics. magmatic nickel-sulfide and remobilised
copper (Gilmore et al., 2007).
Basin bounding faults Post-Delamerian  basins  including  the
Larapintine Delamerian associated with the formation Nuntherungie and Kayrunnera basins may
of post Delamerian basins. contain orogenic gold.
. Zone of higher-strain that may host structurally
S Deiamerian  odlts  located i the ) ied and remobilised VMS/Besshi Cu, Pb,
Zone Grasmere Knee Zone.

Au and Ag deposits.



Integration of seamless and 3D geology

« Surface mapping, drillhole
information, 2D cross-sections and
seamless interpretation used to
constrain 3D models.

« 3D models are then integrated with
the Seamless Geology to improve it.

* This ensures a single geological
model of NSW that is internally
consistent in 2D and 3D.

17



Sunset Clause on
Company Data

GSNSW stores a vast collection of
drillhole logs, geochemistry, and
geophysical data extracted from
reports.

In June 2021 confidential company
reports and data that were submitted
=5 years before June 2016 will be
released.

By release date, data will have
undergone QA/QC and be relatable to
GSNSW coding.

\

18



Broken Hill-type mineral potential

« With Kenex Pty Ltd, GSNSW creating mineral
potential maps for all major mineral systems in NSW.

» Mostly using weights of evidence technique.

* For land use planning purposes.

Broken Hill-type:

« efficiency of classification = 99.1%

« all training points are in prospective area

« 15 of 17 training points fall in highly prospective
area.

However — not useful for undercover exploration!

19



MinEx CRC in NSW
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MinEx CRC: improving our undercover knowledge

The world’s largest mineral
exploration collaboration

$218m over 10 years (1
July 2018 to 30 June
2028).

$16m investment by
GSNSW into five uncover
extensions of known
mineralised terranes.

Geophysics, geochemistry,
drilling, 3D modelling,
mineral potential
undercover.

Baseline data undercover.

21
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Summary

Field-based knowledge is still the heart
and soul of GSNSW service.

By 2021 all GSNSW data will be
delivered through a single 3D geological
framework that will be updated
continually.

GSNSW will leverage MinEx CRC
research and technologies to fast-track
our knowledge of the subsurface
geology in five key areas of the state as
a springboard into statewide mapping of
basement under cover.

By 2050 we’ll all be using Al assistants
for exploration so the subsurface data
better be good!

23
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DISCOVER EARTH'S SECRETS

The Southeast Lachlan
Crustal Transect —

New deep seismic reflection data acqui
In eastern Victoria an

Ross ‘Cayley:
Senior\Geologist

GEOLOGICAL
SURVEY OF ORIA



Talk Outline

* A deep seismic reflection transect in eastern Victoria.
* Why?

 Where?

* Logistics

» Acquisition

* Next steps




The original project proposal in 2013 — 18 science questions to test

a new geodynamic model (still!) in development — the Lachlan Orocline model..
Originally confined to Victoria, NSW joined as a project partner in 2017....




Its a team effort......

R :
8. ! Australian Government

Geoscience Australia

GEOLOGICAL SURVEY
OF NEW SOUTH WALES



Talk Outline

* A deep seismic reflection transect in eastern Victoria.
* Why?

 Where?

* Logistics

» Acquisition

* Next steps




Seismic reflection — some basics

Acoustic sounding to gain an understanding of
the surrounds is a very widely used technique..
in nature, and in science




Why does seismic work for rocks?

Because there are lots of different kinds...

Dense Cambrian metabasalt north of Heathcote at right.
‘Lighter’ Ordovician meta-sediments south of Redesdale at left

Denser rocks transmit sound energy faster than less-dense rocks.
Reflections and refractions of sound energy occur at rock-interfaces




The process can be scaled to investigate different depths.

We are interested in whole-of-crust (ie 40-50km deep), so use three big (30 tonne)
trucks operating in concert to deliver as much energy as possible.




Interpretation theory — stacking the sound traces

of multiple geophones along a transect can
reveal patterns in the reflectivity of underlying rocks




In places of good outcrop (eg. European Alps),
The patterns imaged by seismic reflection
can be compared directly to reality.

The patterns can also be compared to theory.



...Itis harder to understand complex geology in most places in Australia —
its pretty low-relief, rock exposure very limited over most of the continent.

In these cases, Seismic Reflection can be a critical ‘tool of last resort’,
the only way to image some key aspects (eg structure) of completely concealed older geology...
BUT...seismic reflection data interpretation with concealed geology can be very ambiguous




Victoria and SE NSW is a bit of an exception.
There is some great exposure in the Great Dividing Range which,
in Victoria alone, crosses the Early Palaeozoic geology strike at right-angles,
giving a unique opportunity to compare seismic reflection data results
directly with exposed geology across the full width of the Lachlan Fold Belt.

Having direct knowledge of the rocks greatly reduces the ambiguity
of geological interpretations of Seismic Reflection data imagery
enormously - this, in turn, results in better constrained crustal-scale
geological interpretations, and these form the fundamental basis for
robust geological (+mineral) systems analyses.

The unique opportunity afforded by the geography of Victoria

has been the motivation to progressively build a crustal-scale

deep seismic reflection transect across the full width of the State.

The data and knowledge gained here will test, and has potential to validate, the
Lachlan Orocline model, with implications that cascade south to Tasmania,
north to include NSW and Queensland and parts of the Northern

Territory, and west into South Australia




The project area cuts right through the heart of the
most mountainous part of the whole continent,
passing within sight of Mt Kosciuszko and Mt Bogong,

nearly reaching the alpine summit of Mt Pinnibar,
and crossing the iconic Snowy River in the remote heart of
the Alpine and Snowy River National Parks.




Victoria, in particular, has a proud recent history of detailed new-
generation geological mapping across the Australian Alps.

The Geological Survey of Victoria has developed geological theories
that can be tested by the deep seismic reflection method....




...and this is what the new Southeast Lachlan Crustal Transect
project has achieved — regional-scale data acquisition in places where the rocks are

exposed for direct study, also at regional scale
(such as the south-dipping Ordovician-age (from graptolite fossils) deep marine turbidites of
the Adaminaby Group exposed in this road cutting — photo from the 2018 SLaCT survey)




The project completes a transect across

the full-width of the continent in the south,
in the region of best geological control
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For example, the Selwyn Block Model.

TMI data in Bass Strait

pointed us towards...

the Selwyn Block model....

Proterozoic continental
crust of west-Tasmania

affinity beneath central Vic.



Outcrops prove the existence of a Late Cambrian
unconformity beneath the Melbourne Zone in

central Victoria — this is the Tyennan Unconformity

of Western Tasmania. Stratigraphy and structural history
is directly comparable to Western Tasmania.

(eg. Cayley et al, 2002)

Early Lancefieldian —
~490Ma+




The Tyennan unconformity (red arrow) is not seen in adjacent
regions of Victoria (Bendigo Zone, west; Tabberabbera, Mallacoota

Zones, east. Thus Victoria appears to have zones of Early Palaeozoic oceanic
origin, somehow separated by a zone with older, microcontinental character.
This difference should leave a pattern in the seismic character at crustal scale...




The 2006 deep seismic transect (Cayley et al., 2011) was designed to test ideas like this.

Regional deep seismic transects: pmd*crc, AUSCOPE



Is the mid-lower crust laterally uniform or laterally diverse?

0 km

45km

Crust is laterally diverse! s this the Selwyn Block?

Cayley et al., 2011



Because we have outcrops of Selwyn Block rocks nearby, we can attribute seismic domains with confidence.
eg. the Mid-Cambrian Jamieson Volcanics, a direct along-strike correlate of the Tasmanian Mt Read Volcanics.

A

Selwyn Block

Cayley et al, 2011
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Government

Crustal scale deep seismic reflection also worked in Western Victoria......




...for example, using seismic reflection data to test the crustal-scale geometry of the major Moyston Fault,
and associated structures and a metamorphic complex (Moornambool Metamorphic Complex)......

hot, high pressure rocks to the east

Cold, low pressure rocks to the west

MOYSTON Gray et aI., 1988
Mafeking JALLUKAR FAULT STAWELL
Granite Grampians FAULT ZONE FAULT ZONE

¥ :
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Garnet y

Hornblende
Stawell Zone Grampians-Stavely
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East West

Moyston Fault is exposed, and is east-

dipping to steeply-dipping near-surface



This is the geometry at crustal scale, suggested
by the mapping, supported by magnetic, gravity data
(Cayley & Taylor, 2001).....

Grampians
Ranges

Cayley & Taylor, 2000

%
T
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>
B
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Cayley & Taylor, 2001 ...supported by structural analysis..

c-plane

c-plane

Moyston Fault,
Moornambool
Metamorphic
Complex —

crustal scale,
gp:en:w: \r\llle_an=27=-g3223 gp:er!ca: \l\;legn:tsss:-; 2032 d O U b Iy -Ve I"g e nt
Calculated girdle: 64-139 (1 po p - u p J ?

Calculated girdle: 80-331
Calculated beta axis: 26-319



Analogue:
small-scale (sand-box)
modelling

Bonini et al., 1999
J.S.J.

...and by comparison to structural theory....

ALANL - A




Cayley & Taylor, 2000

...in 2009 we tested it with seismic reflection....




Cayley et al, 2011 (GSV)

...and got a result that is constrained by geology exposed at surface, and shows a similar
wedge-style geometry at depth to that inferred from mapping, and at the same scale....

Seconds TWT




Cayley et al, 2011 (GSV) http://earthresources.efirst.com.au/product.asp?plD=1079&cID=6

This reaffirmed our faith that deep seismic reflection works in Early Palaeozoic
terranes in Victoria, and can deliver additional constraints to geometry at crustal scale

3
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Seconds TWT




We can use the geometrical constraints to build models
that we can test back against reality — using directly measured

densities of different rocks to model gravity response, for example.... ,20 ——




...This is a validity test...

Aeromagnetic data + seismic reflection + modern geological mapping

= integrated crustal-scale geological interpretations

http://www.energyandresources.vic.gov.au/earth-resources/geology-of-victoria/geological-survey-of-victoria-programs/earth-echoes
Cayley et al., 2011



Put all this together, and you
can start to build......

...to give additional constraints and confidence
to the 3D models we are building for Victorian geology




...but we do not have seismic reflection data for eastern
Victoria — this bit of the Victorian 3D model was built using

surface geology, and inferences from regional-scale
geodynamic models — for example the Lachlan Orocline
concept.




...the Lachlan Orocline

concept is a step-up in scale




New, higher quality

aeromagnetic data infill....




Ross Cayley (GSV) & Robert Musgrave (GSNSW) in prep.




Ross Cayley (GSV) & Robert Musgrave (GSNSW) in prep.




and.. on new ideas for LFB
geodynamics...

Recognition of the critical role of roll-back
in LFB evolution....

Tectonic switching and roll-back in the LFB

Collins, 2002 (Geology)

Extension and the tripartite association:

S-type granites, arcs and back-arc basins

Collins and Richards, 2008 (Geology)




Models that link extension to
sedimentation in the LFB:

Bindian Orogeny:

extension and translation

Fergusson, 2010: AJES:

Lachlan Fold Belt sedimentation:

Late Silurian-Middle Devonian
plate-driven extension and convergence




Models that suggest strike-
slip repetition of Macquarie
Arc segments:

Packham, 1987 (AGU Geodynamics Series 19)

Fergusson, 2009 (AJES)




A summary of the Lachlan Orocline concept, stepped back through time (385-450 Ma),
shows how the complexity of todays LFB may have evolved from simpler beginnings...

Moresi, Betts, Miller
& Cayley 2014,
NATURE.

Cayley & Musgrave,

I in prep.
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...When the Lachlan Orocline is unfolded,
A simple, linear Macquarie Arc and
Lachlan Fold Belt is revealed...

Moresi, Betts, Miller
& Cayley 2014,
NATURE.

Cayley & Musgrave
in review

-




....It is an alternative geodynamic scenario to previous

multiple subduction and/or strike-slip duplication models

proposed for southeastern Australia — with its own unique

geometrical characteristics that should be testable using seismic reflection

The Lachlan Orocline:

an alternative explanation of apparent
vergence reversals in Ordovician LFB:

— o —

(d)

460 - 450Ma 0o >20030k m




The continental scale of the Lachlan Orocline model...

The red line is the Southeast Lachlan
Seismic reflection transect, testing the idea

that NE Victoria Early Palaeozoic geology
has been translated south,
and oroclinally folded

440Ma — 400Ma

Bindian Orogeny

Cayley & Musgrave,
in review

54



3D model: http://earthresources.efirst.com.au/product.asp?plD=1084&cID=54

Ennngs®

....the Lachlan Orocline concept, and the regional-scale Victorian 3D model

were both tested with the Southeast Lachlan Crustal Transect....




....Including the prediction that Macquarie Arc material may underlie, at shallow
depth, parts of north-eastern Victoria....



NSW joined the project, and so the eastern line could be
re-routed into logistically simpler country, to answer additional
questions.




Community safety and planning was also an important objective of the
project — NE Victoria and SE NSW is one of the most seismically active regions
of Australia - the topographic relief of the area is obvious evidence of that.

Rejuvenated Alpine uplift: possibly since Eocene,

intensifying in Neogene-Quaternary (last 5-10 million years).




Seismic hazard mapping

Eastern Victoria:
Recent fault movements — eg. Tawonga Fault
landslide activity: eg. Lake Tali Karng
ongoing seismic activity up to ~M6.0

Relatively high horizontal compressive stress =
tends towards shallow level (<6km) earthquakes
= most destructive for any given magnitude.

Full pattern of seismicity not established

f
If the fault dip direction changes, i
the epicentre location changes.
This would be good to know.
Seismic reflection can better determine fault dip directions.

eg. Sandiford, 2003; Sandiford et al., 2004

Seismic hazard mapping can better estimate
local seismic (shaking) hazard — a duty of care




Talk Outline

* A deep seismic reflection transect in eastern Victoria.
* Why?

* Where?

* Logistics

» Acquisition

* Next steps




This is very challenging terrain for deep seismic reflection acquisition




EASTERN VICTORIA GEOPHYSICAL SURVEY ROUTES

Line 1 North East Victoria from Benalla to the junction of Link Trak and Mt Boebuck Trak in Alpine NP.

Line 2 East Gippsland from Benambra through to east of Bendoc on the NSW border.

Line 2 continue into New South Wales east of Wonboyn North. The NSW part of the survey will be managed by
Geological Survey NSW

GEOLOGICALNY
SURVEY OF 1A




Talk Outline

* A deep seismic reflection transect in eastern Victoria.
* Why?

 Where?

* Logistics

» Acquisition

* Next steps




Route planning, line scoping in late 2017



Some routes worked, others didn’t. This one didn’t.



...once we had a possible route, it was time to engage

with landowners/managers.....bring on the paperwork!! Landholder / manager
Engagements, permitting



Tender process: A week of line scoping with shortlisted applicants

Because of the unique terrain/logistical challenges presented by this project,

project tenders were shortlisted, and the shortlisted applicants
were shown the entire route so that they could prepare detailed project quotes.







Bush infrastructure had to be able to cope with 15 tonne axle

loadings, and 30+ tonne gross vehicle weights and minimum
2.5m+ widths....or alternatives (drive arounds) were needed...




With a 20T gross load limit, Mckillops Bridge across the iconic Snowy River

was a potential show-stopper....




...there is no easy way to drive around this bad-boy



Seismic planning 2: designing parameters for full-crust acquisition

GEOLOGICAL
SURVEY DFvoﬁlA 7 2




Talk Outline

* A deep seismic reflection transect in eastern Victoria.
* Why?

 Where?

* Logistics

* Acquisition

* Next steps




This was a massive, mobile operation with complex logistics —

dozens of staff, dozens of vehicles, camp accommodation,
data processing infrastructure, etc.







The project team took over the Swanpool footy oval for the

first quarter of the operation.



Project kick-off meeting in Swanpool






Inside the vibe control truck — real-time control on the vibrator plates



First look at the raw data back in the data-processing office at Swanpool



The vibe trucks head east, into the Alps



NE Victoria data starts to flow....



With suitable adaptation (rubber coverings on the vibe-plates to distribute load),

it is possible to acquire data along bitumen roads even with the big trucks,
with absolutely no damage to the road surface — traffic management is more involved.




The project garnered some media interest







Start of line 2

Full-on Alpine 4x4 and old logging tracks formed significant parts

of the line. Success in terrain like this is a breakthrough
for deep seismic reflection acquisition in Australia and elsewhere.




Eventually, the vibe trucks arrived at the western end of

Mckillops Bridge....



The recording truck and the mechanics truck could drive on over.

But the vibe trucks couldn’t. Far too heavy. They had to find another way






The vibe trucks had to do a u-turn, and head back west along the line....



























A 300 km drive at ~30 kmh
to bypass one 250 m long bridge

Pre-planning was critical

to manage this diabolical logistical
bottle-neck. Two vibe trucks

were sent ahead to minimise
delays.




Last nodes...
on the beach
at Saltwater Creek



Vibe trucks parked up at the eastern end of the line, at Saltwater Creek campground.
















Talk Outline

* A deep seismic reflection transect in eastern Victoria.
* Why?

 Where?

* Logistics

» Acquisition

* Next steps




Processing

« Data quality is good, enough to answer the major
science questions that inspired the project.

* Crooked line processing issues — inspired
development of a new processing methodology by
Geoscience Australia and the processing contractor

« 2-D and 3-D processing methods adopted for
migrating and stacking top 8-seconds TWT —
appears to work well.

 2-D processing methods for 20 sec TWT data




Geological interpretation

The data we need to test our ideas
is now ‘in the can’. And it looks great!
Interpretation is underway...
Expected release date — late 2019




Geological interpretation




GEOLOGICAL
SURVEY OF 1A




Deddick Zone
(Yalmy fold-thrust belt)
Kuark Zone

Igneous basement
(Macquarie Arc?
Cambrian MORB?
both?)

moho

18GA-SL 3
segment






And another thing.....

An opportunity — Lockington

« North Bendigo Zone (1,128 km?)

» Ordovician (turbidite) host-rocks
 Demonstrated vein-hosted orogenic gold
» Under cover (40-100m)
* 10km x 5km footprint
« Surface geochemistry, gravity, drilling
* Fosterville to immediate west
» Coincident regional structures
» Low population density, regional/rural setting

« Very active exploration environment ©

Ground release planned for 2019




The prize- Fosterville:
8.7Moz and growing

Production 2018
356,2300z @ 24.9g/t Au
Recovery: 97.3%
Operating: $200/0z
AISC: $442/oz

Current reserves (February 2019)
2.7Moz @ 31.0g/t Au

+60% on 2018

Swan Zone: 2.34Moz @ 49.6g/t Au

Guidance

2019: 550,000-610,000k ($170-$190/02z)
2020: 550,000-610,000k
2021: 570,000-610,000k

Fosterville: Lower Phoenix Fault - Eagle ore body, drill hole UDH1501: 12.5m @ 500.7 g/t Au (4.5m ETW)
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