Faults everywhere.... but it's not all our fault!

Interpretations and implications of an updated regional fault network for central and western Victoria
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Disclaimer

The information contained in this presentation is provided for general guidance
and assistance only and is not intended as advice. You should make your own
inquiries as to the appropriateness and suitability of the information contained
in this presentation for your own circumstances.

While every effort has been made to ensure accuracy and currency at the time
of publication, you should verify information for yourself and obtain
independent professional advice regarding any investment or other

business decision.

The Victorian Government does not accept any liability to any person for
the information (or the use of such information) which is provided or referred

to in this presentation.

© Copyright State of Victoria
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« Background —legacy mapping, 3D modelling programs and
geophysical interpretation

« Central-west Victorian Regional Fault dataset
« Implications for regional prospectivity
« Data package delivery
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Legacy mapping

1:250k Seamless Geology coalesced over 150
years of legacy GSV mapping of exposed
Paleozoic basement (Welch et al., 2011).

Geophysical data is crucial to interpreting
Paleozoic basement beneath large swaths of
younger cover.

» Additional datasets:

» Dirilling

» Petrophysics
» Geochronology
» Geochemistry
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Legacy interpretations
1:1M Pre-Permian Geology (1999) - last published regional fault interpretation

Total Magnetic Intensity (TMI) Used newly acquired VIMP geophysical datasets
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Simons & Moore, 1999



3D modelling projects

3D geological model development required understanding of structural
geometries and kinematics, and geological unit distributions in three

dimensions.

» New enhancement and analysis of potential field data undertaken

3D Victoria Model
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http://earthresources.efirst.com.au/product.asp?plD=1159&cID=64 Cayley et al., 2018



http://earthresources.efirst.com.au/product.asp?pID=1159&cID=64

Potential field data : filtering and enhancement

Provides insight into physical rock property (~ lithology) distribution within the
crust and more detail about the positions and geometries of structural features.

Examples of magnetic filters — Stawell Zone Examples of gravity filters — Bendigo Zone
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Potential field data : forward modelling

Serial section forward models - Stavely 3D geological model.
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Seismic reflection transects - control in third dimension

e 2006 Central Victoria Seismic Transect
e 2009 Southern Delamerian Seismic Survey
e 2022 Darling-Curnamona-Delamerian (DCD) 2D Seismic Survey
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https://portal.ga.gov.au/3d/restore/9c6448db-418f-400b-809c-82aeafadc325

Seismic reflection transects - control in third dimension

e 2006 Central Victoria Seismic Transect
e 2009 Southern Delamerian Seismic Survey
;\\ e 2022 Darling-Curnamona-Delamerian (DCD) 2D Seismic Survey
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2022 Northwest Victoria DCD 2D Reflection Seismic Survey

s 2022 Darling-Curnamona-Delamerian (DCD)

2D Seismic Survey (part of GA's EFTF program)

% 5 deep seismic reflection lines totalling 1256 km

% Victorian GA22-DL2 line 249 km in length
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https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/147423 Geoscience Australia


https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/147423

2022 Northwest Victoria DCD 2D Reflection Seismic Survey

Source array: 3 x 30 tonne vibroseis trucks

Receiver array: 16 km symmetrical
geophone (node) spread

20s record length
40 m vibe point distance

4 m node spacing

Line GA22-DL2 acquisition

L213 Darling-Curnamona-Delamerian (DCD) 2D Seismic Survey Australian Government

https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/147423 Geoscience Australia



https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/147423

2006 seismic reflection transect - control in third dimension
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Seismic reflection transects - control in third dimension
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Seismic interpretation correlated with surface mapping and gravity
data to interpret structures away from regions of geological control.

3D Victoria model fault surfaces and
magnetic inversion dip model bodies.




Magnetic inversion dip modelling
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Cayley, McLean, Skladzien, Cairns, 2018: Stavely Project Report 3

Magnetic volcanic unit geometries infer the
dips of bounding Cambrian thrust faults.




Geodynamic context
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Application of strain ellipse theory and overprinting
relationship criteria provides a framework for interpreting

fault kinematics and timing and feeds into a systems-based

approach for understanding geodynamic evolution.
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in prep.
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Central-west Victorian Regional Faults dataset

Contains a review, compilation, and update of the
regional (1:250 000 to 1:1 000 000) Paleozoic
basement and Mesozoic basin fault interpretation for
central and western Victoria.

Motivation for creating the dataset:

Fault interpretations from 3D modelling projects had
not been formally captured or made available as 2D
GIS data layers.

Expand the interpretations and geological
understanding gained from 3D modelling projects
(particularly Stavely 3D Project) to the broader AOI.



Legacy fault interpretation timeline
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Faults everywhere!

Combined legacy fault network
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New fault network dataset includes refined 3D modelling, and significant new interpretations and,

for the first time......
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ault metadata attribution
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...contains attributes including fault geometries, kinematics and ages.
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EVENT_AGE
Siluro-Devonian
Cambrian
Cambrian
Cambrian
Cambrian
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Cambrian
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Ordovician-Silurian

Ordovician-Silurian

INTERPRETATION_METHOD
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Magnetics; combined geoph...
Combined geophysics; previ.,
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Seismic; combined geophysics
Combined geophysics
Previous mapping; combined...
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Magnetics
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COMMENTS

Zone boundary

Updated Avoca Fault interpretation
Updated Avoca Fault interpretation
Updated Avoca Fault

Update from 22GA-DL2 seismic
Update from 22GA-DL2 seismic
Siluro-Devonian transtensional sinistral
Rotated fault segment

Rotated fault segment

Reactivation by sinistral fault to south
Reactivation by sinistral fault to south
probable extensional structure
probable extensional structure
probable extensional structure
probable extensional structure
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Probable extension of Crowlands Fault.

4

Previously Escondida Fault in 3D-VIC interpretatio...

Potential Tyrrell FIt equivalent?

Possible Stawell Fault

Possible Siluro-Devanian inversion - Dip-5E normal
Paossible Siluro-Devonian inversion - Dip-SE normal
Passible Percydale Fault continuation

Possible Percydale Fault continuation

Paossible Percydale Fault continuation

Paossible Concongella Fault continuation

Possible Concongella Fault continuation

Partly former Moyston Fault trace

Off-sets Moyston Fault

Obligue slip; dextral transtensional

oblique slip, transtensional

oblique slip, transtensional

ablique slip, transtensional

oblique slip, transtensional

oblique slip, transtensional

Obligue slip contractional sinistral

Obligue slip contractional sinistral
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FAULT_SIGNIFICANCE
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90365.940381
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Fault metadata attribution
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...contains attributes including fault geometries, kinema
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INTERPRETATION_METHOD
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Magnetics; combined geoph...
Combined geophysics; previ.,
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Symbology
trace symbolisation
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Updated Avoca Fault interpretation

Updated Avoca Fault interpretation 3405
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Update from 22GA-DL2 seismic
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Fault metadata attribution

Metadata enables querying and display of the dataset by various attributes:

Faults by type Faults by age Faults with strike-slip component
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Deformation event

Delamerian Orogeny
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Deformation event Benamberan Orogeny

(including Cambrian structures re-activated west of Avoca Fault)
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Deformation event

Bindian Orogeny
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Deformation event Mesozoic

Potential Otway Basin geothermal and
hydrogen storage implications

After Williams, Simon E. et al., 2012




2010-0 20 40 60 80

Kilometers

% Important for understanding intrusion

emplacement and deformation during
decompressive melting (~395-410Ma)

% Implications for IRG, base metals and Critical

Minerals

 Intrusion shapes and orientation provide

insight into differentiating between Cambrian
vs Devonian ages in the Stavely Arc terrain
> Cu porphyry exploration

+ Implications for (scale independent) post

mineralisation deformation



Preliminary results from the 2022 Northwest Victoria
DCD 2D Reflection Seismic Survey — Line GA22-DL2



DCD 2D Reflection Seismic Survey — Line GA22-DL2




2022 DCD 2D Seismic Survey
»  Preliminary interpretation workshop

August 2023 at Geoscience Australia

Australian Government
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Preliminary interpretation

GA22-DL2

Line GA22-DL2 located entirely over Murray Basin cover

Bedrock exposure and seismic lines in the south pro

control and inform interpretation
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Preliminary interpretation
GA22-DL2

% Line GA22-DL2 located entirely over Murray Basin cover

% Bedrock exposure and seismic lines in the south provide
control and inform interpretation -
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Preliminary interpretation
GA22-DL2

Line GA22-DL2 located entirely over Murray Basin cover

Bedrock exposure and seismic lines in the south provide

control and inform interpretation
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Moyston Fault position — 1:1M Pre-Permian
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Moyston Fault position — 3D Victoria Model
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Moyston Fault position — 3D Stavely Model
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Moyston Fault position — Latest
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Northern Stawell Zone orogenic gold

Major reverse faults tapping mid-lower crust Bendigo Zone mafic volcanic source
provide hydrothermal fluid conduits transporting gold bearing fluids into upper crust.
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Northern Stawell Zone orogenic gold
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Stawell Zone

Bendigo Zone

Position where Moyston and Avoca
faults intersect at depth of Moho

Grampians-
Stavely Zone
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Stawell Zone

Bendigo Zone

Position where Moyston and Avoca
faults intersect at depth of Moho

Grampians-
Stavely Zone
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Does Au prospectivity in eastern
Stawell Zone increase to the north?
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Wider and thicker Moornambool Metamorphic
Complex (accretionary wedge)

Bendigo Zone

Stawell Zone piggy-backed over
Bendigo Zone in the south
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Northern Stavely Arc

» Re-interpretation of northerly Stavely Arc structures extended from Stavely 3D model

» Possible in-situ volcanic edifices imaged in new seismic — bland seismic character

» Inform and constrain potential Cu porphyry
and VHMS prospectivity
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Data package delivery

GSV Technical Record (2023/3)

Digital fault data is provided in the following formats:

ESRI shapefile

ESRI geodatabase (gdb)
ESRI layer (lyr, lyrx)
ArcGIS Pro project

h

t

Central-Western
Victoria Regional
Fault Data Package
Version 1.0

GSV TECHNICAL RECORD 2023/3

P.B. Skladzien & R.A. Cayley
December 2023

GEOLOGICAL
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tp://earthresources.efirst.com.au/product.asp?plD=1339&cID=37



http://earthresources.efirst.com.au/product.asp?pID=1339&cID=37

Data package delivery — visualise in GeoVic

Earth Resources

GeoVic - Explore Victoria Online
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Data package delivery — GSV Catalogue (Search Assistant)

CATEGORY
GSV Report: Published

REPORT_TYPE

Report type unknown

(M

1 Catalogue Items available

Title: Central-Western Victoria Regional Fault Data Package, Version 1.0

Subject: SKLADZIEN, P.B. & CAYLEY, R.A,, 2023. Central-Western Victoria Regional Fault Data Package, Version 1.0. Geological Survey of Victoria Technical Record 2023/3.
Department of Energy, Environment and Climate Action, 20 pp.

Description: GSV Catalogue Record # 171947

Authors: SKLADZIEN,P,B; CAYLEY,R,A

Publication Year: 2023

. Menu  Earth Resources Victoria Copyright
sl
& Downloadable files #&* Show Related References

Download files from the catalogue

ESelect All (mILEEE PN Download

o " N File
Select Description File Name File Type size
G171947_GSV-TR2023-3_Att-
= Central-Western Victoria Regional Fault - - A 33572
0 : A1_Central-and-Western-Victorian- application/zip
Data Package, Version 1.0. KB
Fault-Interpretation.zip
- Central-Western Victoria Regional Fault GT71947_GSV-TR2023-3 Att- . 462.56
O : A1_Central-and-Western-Victorian- application/zip
Data Package, Version 1.0, ) A KB
Fault-Interpretation_ESRI.zip
o Regiona Faut nerpetaion Dat Wesam Vimora Regonat Fau Dat- _ spplicatio/pat 49
- Package’ 9 PP P MB

Package.pdf

https://gsv.vic.gov.au/searchAssistant/document.php?q=parent_id:171947
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https://gsv.vic.gov.au/searchAssistant/document.php?q=parent_id:171947

Take-aways

» Consolidated and updated fault network interpretation builds upon legacy interpretations within a
systems-based geodynamic framework

» Previously unavailable 3D modelling interpretations are captured and made accessible in 2D GIS format
> New seismic reflection data provides additional constraints in north-west Victoria

» The dataset delivers important regional prospectivity implications
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