. i .
M E . . | S, Awtatin Coenmene | Copperative Research
INEX CRC Tcsiro S ppmmioee | Centres Program

Intrusion Related Gold vs Orogenic Gold — NE Victoria

4 cm

O Au centroids
Fe

K ‘@a

Bon Accord

Coralie Siégel, Fariba Kohan Pour, Helen McFarlane, Cameron Cairns and Ross Cayley
With contributions from Zsanett Pinter, Michael Verrall, Jacob Walmsley, Colin McRae and James Lewis

MinEx CRC - Project 7.1




Yorta Yorta

-+ Bidwell

Gunai Kurnai

https://antarvictoria.org.au/local-nations

s srdahamssrd o~



OUR SPONSORS

Majors, METS and Survey Participants

AngloAmerican B H P @ RiOTintO (?}r?_ﬁiﬁe

IMDEX MKAY & Epiroc ‘M‘ P& wassara

[~ DRILLING|
Setting the Standard

R O
-“:\QL'.!.?E? Geological Survey of ﬁ G‘::_;'"'y:"- ‘!!4!’
& NSW

=) Western Australia SOUTH

L=
__________

! Australian Government

EEEEY Geoscience Australia

GOVERNMENT

= . ,_ Australizs Gonern Cooperative Research
6 Mll'l Ex CRC TR Doarmenattslein: | Centres Program




OUR SPONSORS

Research Participants and Affiliates

JES

THE UNIVERSITY Austranar @ University of q %EE%EIEIO‘E
i o & .' 'F THE UNMIVERSITY OF i
,@; /ADELAIDE e Unlversny % |_ NEWCASTLE South Australia u AUSTRALIA

AUSTRALEA

P U P

! 5 " " LJ
(ZAiCMines =i~ M Auscope DRAIMCEDE  CSPHRE  HiSeis  MATSA
ASHAMNTI

[

@ MONASH obmriwa Santos @BVSER AT Nveracio

Strateglc Energy Resaurces

7 University

[
&% NORTHERN ok
#q TERRITORY Tosmanian
Government

= . - I Cooperative Research
@ MinEX cRc i o | Qoonerstive Rese




@ MinExcre  Lachlan Orocline Model

Upper Devonian Y
Lower Devonian ’

. e oo I Llower Silurian IV,"
 Lachlan Orocline model of . Tobberabbers I Gambrien
Cayley & Musgrave (2015) ) (7T M Zone \ I;\
 LiNLPTRS J‘ | T A sl %
suggests the Tabberabbera St indies ) ;
Zone is a possible along-strike 8o 8 'l
extension to the Bendigo Zone © e Melbourne oh K58
A 2 Zone , \

instigating a renewed interest
for gold exploration in the
northern Tabberabbera Zone

e Gold exploration historically
focused on the Western Euler pole
of orocline
Lachlan Orogen rotation

Schematic model of the Lachlan Orocline model.
Modified from Cayley & Musgrave (2024). .

Ty 9
ASO: Alice Springs Orogeny; NR: Nebine Ridge; Vz?nDleIaqd :
Al: Anakie Inlier; CTP: Charters Towers Province; microcontinent {5’:
BRP: Broken River Province. 3




Orogenic gold

EPIZONAL
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Deep source hot springs

== Hot spring

& Orogenic gold deposit
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Intrusion-related gold
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eminexce  Analytical approach

Micro XRF Maia mapper TIMA & SEM-EDS-CL LA-ICP-MS

% meter cores 25mm polished rounds (PR) Minerals in PR and PTS
Polished thin-sections (PTS)
Compositional maps Automated mineralogy, compositional maps, U-Pb dating of apatite

cathodoluminescence
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31 samples from 8

prospects/mines
Most samples are from
the hornfels,
metamorphosed Pinnak
sandstone

P .
rospect Nearby granite n
name

Golden
Mountain

Strathbogie 3

Homeward
Bound

Bon Accord Yackandandah 1

Happy 5

Valley

Twist Creek 2
Beechworth

Barambogie 5

Bendigo/Gill .

Reef Orogenic gold 9

Haunted

Dead Bird Suite 4
Stream

A 0 10 20 km
| |

[ granite [ rhyodacite

[[] hornfels [ rhyolite

[ gneiss /] sedimentary

clay, etc.
[[_] basalt, gabbro -
Occurences sampling site
O gold
@ tin gold, tin
@ tungsten A gold, tungsten
@ molybdenum @ gold, copper
® bismuth @ gold, wollastonite
3 antimony, gold M fluorite
% silver, gold

i silver, gold

[_] schist [ sand, silt, gravel, /N
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Prospects near Beechworth & Yackanhandah granites
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& Prospects near Beechworth & Yackanhandah granites
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q Happy Valley
i > R0 \ UV SN Y 3 y A "Wl e
granite [ |schist [ rhyodacite [ sedimentary prospect > gold @ molybdenum A gold, tin
I:I R I:I BaEal, 4B |:| thyolite |:| sand, silt, gravel, sampling site @ tin @ bismuth A gold, tungsten

clay, etc. @ tungsten
[ ]gneiss [ e




@& MiInEXx cRrc Baambogie

Th

NBOHC “Tﬁ""

500 pm

Cathodoluminescence in quartz and WDS analyses at Barambogie illustrating a complex history: 1. low temp quartz; 2. high-temp quartz; 3. Dissolution of quartz and precipitation of silicates
associated with gold deposition; 4. Late-stage Th-coffinite precipitated along grain boundaries illustrated by radiation damage in quartz (elevated NBOHC: Non-bridging oxygen hole centres)
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Barambogie
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@ MInEXx crc

Barambogie
395.8 +/- 2.2 | 3.2 Ma (n=121)
(*"Pb/?%Pb), = 0.8645 +/- 0.0023 | 0.0034
MSWD = 2.2

384.8 +/- 5.9 | 8.9 Ma (n=15)
Bla . (*"Pb/%%Pb), = 0.845 +/- 0.010 | 0.016
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& Prospects near Beechworth & Yackanhandah granites
@ MInEx crc

od

q Happy Valley
i > R0 \ UV SN Y 3 y A "Wl e
granite [ |schist [ rhyodacite [ sedimentary prospect > gold @ molybdenum A gold, tin
I:I R I:I BaEal, 4B |:| thyolite |:| sand, silt, gravel, sampling site @ tin @ bismuth A gold, tungsten

clay, etc. @ tungsten
[ ]gneiss [ e




Twist Creek
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& MinEx cre Twist Creek







& MinEx cre U-Pb apatite in quartz veins

Twist Creek
347 +/- 22 | 27 Ma (n=38)
(*“"Pb/**®Pb), = 0.8665 +/- 0.0018 | 0.0021 M0Og—T——T—TT T T T T T T T T T T3
MSWD = 1.5 S E
Beechworth granite: | 100 ;_ —;.
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& Prospects near Beechworth & Yackanhandah granites
@ MInEx crc

od

q Happy Valley
i > R0 \ UV SN Y 3 y A "Wl e
granite [ |schist [ rhyodacite [ sedimentary prospect > gold @ molybdenum A gold, tin
I:I R I:I BaEal, 4B |:| thyolite |:| sand, silt, gravel, sampling site @ tin @ bismuth A gold, tungsten

clay, etc. @ tungsten
[ ]gneiss [ e
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& MinEx cre Apatites record multiple
hydrothermal fluids

4 cm

O Au centroids

Golden Mountain
Barambogie
Twist Creek

Bon Accord
Happy Valley
Bendigo
Haunted Stream
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@ MInEXx crc

207py,206pp,

04

0.2

Bon Accord

390.1 +/- 6.0 | 9.9 Ma (n=55)
(27Pp/2%Pp)_ = 0.8688 +/- 0.0018 | 0.0031
MSWD = 2.8

0.8

0.6

= Hydrothermal

Yackandandah granite
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& Prospects near Beechworth & Yackanhandah granites
@ MInEx crc
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q Happy Valley
i > R0 \ UV SN Y 3 y A "Wl e
granite [ |schist [ rhyodacite [ sedimentary prospect > gold @ molybdenum A gold, tin
I:I R I:I BaEal, 4B |:| thyolite |:| sand, silt, gravel, sampling site @ tin @ bismuth A gold, tungsten

clay, etc. @ tungsten
[ ]gneiss [ e
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207pp,206p),

& MinEx cre U-Pb apatite in quartz veins

Happy Valley

234.0 +/- 6.6 | 12.0 Ma (n=145)
(X7Pb/?%Pb), = 0.85861 +/- 0.00058 | 0.00105

MSWD = 3.3 1000 5
R 462 +/- 11 | 15 Ma (n=28) Brothers Syenite, 3
(*°IPb/*°Pb). = 0.8633 +/- 0.0013 | 0.0018 |Mount Leinster 100 T
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1974) 8 10 5
o | ~ \ 3
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o 1 =
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10 20 km
| I

granite [ rhyodacite

[ hornfels [ rhyolite

[] gneiss [ sedimentary
[ schist [ sand, silt, gravel,

= clay, etc.
basalt, gabbro prospect
Occurences Eﬂ: sampling site
O gold
@ tin A gold, tin
@ tungsten A gold, tungsten
@ molybdenum @ gold, copper
@ bismuth @ gold, wollastonite
3¢ antimony, gold M fluorite
% silver, gold

silver, gold




& MinEx e Prospect near the Dead Bird Suite
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& MinEx cre Haunted Stream
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207pp,206py,

0.4

@ MInEXx crc

1.2

0.2

0.0

Haunted Stream
160.5 +/- 2.9 | 5.0 Ma (n=128)
(*°7Pb/2%®Pb), = 0.8621 +/- 0.0023 | 0.0040
MSWD = 2.9

1.0

0.8

0.6

== Detrital

491.7 +/- 3.5 | 11.0 Ma (n=15)
(*°"Pb/?°®Pb), = 0.8822 +/- 0.0041 | 0.0130
MSWD =10

Jurassic/Early Cretaceous
magmatic activity (e.g.
Otway Basin rift)

== Hydrothermal— .
Detrital (others) Errors are 10
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10 20 km
| I
[ grenite ] rhyodacite
[ hornfels [ rhyolite

[] gneiss [ sedimentary
[ schist [ sand, silt, gravel,

clay, etc.

basalt, gabbro prospect
Occurences Eﬂ: sampling site
O gold
@ tin A gold, tin
@ tungsten A gold, tungsten
@ molybdenum @ gold, copper
@ bismuth @ gold, wollastonite
3¢ antimony, gold M fluorite
% silver, gold

silver, gold

m

@ MiInEx crc

[_] thyodacite [ sedimentary . prospect @ molybdenum 4 gold, in
« [ sand. silt. gravel. sampling site @ bismuth A gold, tungsten




@ MInEx crc

e g\ | @ - "1:\
PR e L : Ml
[Jgranite  [Jschist [ hyodacite [ sedimentary Ju Prospec

’ B i i i i A gold, tungsten
hyolit sand, silt, gravel, sampling site @ tin @ bismuth gold, tung
[ homfels [ basalt, gabbro ] rhyolite [ clay, etc. @ tungsten % antimony - gold, antimony
[Joneiss ==




& MinEx cre Golden Mountain

QO Zn centroids

[ Zircon



207py,206py,

a4 MInEX crc

Golden Mountain
366.0 +/- 2.1 Ma (n=22)
(*7Pb/2%Pb), = 0.8602125 (S&K anchored)
MSWD = 0.86

0.8

0.6

0.4

0.2

] = Detrital

. 365.2 +/- 1.7 Ma (n=82)
, 27pb/206}:>b)c = 0.8606 +/- 0.0019

Strathbogie (366+/-3; -
374+/-2; 382+/-3 Ma)

< Magmatic

Errors are 10

10
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Apatite/UCC

.01
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@ MInEx crc

e g\ | @ - "1:\
PR e L : Ml
[Jgranite  [Jschist [ hyodacite [ sedimentary Ju Prospec

’ B i i i i A gold, tungsten
hyolit sand, silt, gravel, sampling site @ tin @ bismuth gold, tung
[ homfels [ basalt, gabbro ] rhyolite [ clay, etc. @ tungsten % antimony - gold, antimony
[Joneiss ==




& MinEx cxc Bendigo/Gill Reef
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Bendigo/Gill Reef

[ Quartz [ ] Gold

[ Arsenopyrite [J] Dolomite
[ Muscovite [l Avatite
[ ] Galena Il Magnetite
[ sphalerite  [T7] Pyrite




@ MiInEXx crc

207py,206pp,

1.4

0.0

Bendigo
334.5 +/-9.1 | 13.3 Ma (n=55)
(*"Pb/2%°Pb), = 0.8705 +/- 0.0023 | 0.0034
MSWD = 2.1

04 06 08 10 1.2

0.2

i < Detrital

492.7 +/- 3.8 | 6.1 Ma (n=21)

(*"Pb/?%®Pb), = 0.8685 +/- 0,0029 | 0.0047
MSWD = 2.6 Harcourt Granodiorite:
' 371.3+/-2.7Ma U-Pb

zircon SHRIMP

Mineralisation dated at:
446.3+/-4.8; 445+/-5;
428+/-2 (Ar-Ar muscovite
& sericite)

o

o Hydrother\rﬁéﬁl"’”‘“—*‘h*— B
Errors are 1o

0 2 4 6 8 10 12
238,206,

1000

100

10

Apatite/UCC

Bendigo/Gill Reef
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& MinEx cre Apatite compositions
Gold prospects

Orogenic gold

— o o %
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Sample/ REE Upper Continental Crust
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@ MInEXx crc

T T TTTTIT

log(Sr/Y)

‘- 253
“m- 3-35
W 354
W 4-45

Apatite compositions

A potential indicator to distinguish IRGS and orogenic gold

Apatite compositions differ between
intrusion-related and orogenic-style gold
mineralisation

IRGS: low Sr/Y, Th/U, negative Eu
anomaly, high Mn/Fe (reduced fluids) &
HREE/MREE

Orogenic gold: high Sr/Y, Th/U, positive
Eu anomaly, low Mn/Fe (oxidised fluids) &
HREE/MREE

Mn/Fe > redox

Sr/Y > fractional crystallisation of
plagioclase or early saturation of apatite
and delayed plagioclase crystallisation.



& MinEx cre Key takeaways

Increasing T

Energy Ligand Source I Transport I Trap IOuthow
| No Deposits |

Increasing T

Energy
(Driving Force)

H,O, S, metals /

—

1 Proximal IRGS (e.g. Barambogie)

2 Distal IRGS

3 Epizonal orogenic gold

4 Mesozonal orogenic gold

5 Fault reactivation/gold remobilisation? (e.g. Haunted Stream)

6 Magmatic overprint and gold remobilisation of orogenic gold (e.g. Bendigo)

Contact: Coralie.siegel@csiro.au
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