The Stawell Zone
(including the Stawell Corridor)

A Cambrian accretionary wedge infused with Ordovician gold
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We acknowledge and respect Victorian Traditional Owners
as the original custodians of Victoria’s land and waters,
their unigue ability to care for Country and deep spiritual
connection to it.

We honour Elders past and present whose knowledge
and wisdom has ensured the continuation of culture
and traditional practices.

Resources Victoria is committed to genuinely partnering
with Victorian Traditional Owners and Victoria’s Aboriginal
community to progress their aspirations.
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Archaean and
Palaeoproterozoic fl

150°E  The Tasmanides Orogenic

System in Eastern Australia . L. )
Early Palaeozoic rocks of similar age, provenance and appearance, with

similar structural history, widespread throughout Eastern Australia.

- Hodgkinson Province

jis R Central-west Victoria: a cluster of proven giant orogenic gold deposits
€5 Broken River Province and proven large deposits in the Stawell Zone (Stawell Corridor).

West Victoria: recent and new intrusion-related base metals discoveries
in the Grampians-Stavely Zone

Central NSW: a cluster of proven giant intrusion-related base metals+gold
deposits. (Macquarie Arc)

Western NSW: a cluster of proven giant VMS deposits (Cobar)
New England

Delamerian Orogen
Drogen Tasmania: a cluster of proven giant VMS-related deposits (Dundas
j/f( A ‘Trough’ )
<
e ’ S b /- eastem 500 km . ] ] .
\\St ALl fLachian orogen Already lots of action proven in western Victoria,
KO- ~0 . . .
s et P
s, D il but how big might it really be-
~ - h;’e"'(';' deposit (>500 t Au)
-40'S  western vc Ll S © world-class orogenic
Lachlan gold deposit or
Orogen - ”‘;:'s‘;f;:g" district (>100 t Au) |
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A

Talk outline

Geological Systems Analysis —alogical way to overcome tectonic ambiguity / complexity

The ‘Stawell Zone’ — where is it and what does it look like?

The Moyston Fault and ‘Stawell Corridor’ — the complex faulted interface between the Stawell
Zone and the Grampians-Stavely (Arc) Zone.

Linking Stawell Zone geology to Stavely Arc geology — present-day Pacific Rim geology as an
analogue for understanding Cambrian western Victorian geology and mineral endowment.

How we think the ‘Stawell Corridor’ got most of its gold (hint: it stole it from the Bendigo Zone!)

Further work (chasing Stawell Zone gold (and Stavely Arc base metals) prospectivity under
cover.
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A
Convergent margin key elements and systematics
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| 4—A_A_Convergent boundary Ridge Transform

<-—— Absolute plate motions = ~<+—> Relative plate motions
(5.5 cm per year)

Convergent plate boundaries —
plates move towards each other
(rocks disappear below

and/or eroded)

Divergent plate boundaries —
plates move away from one another
(rocks are replaced from below)
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Convergent margin key elements and systematics

Continental lithosphere;
& Geology thick, light, buoyant

200-300km

Ocean lithosphere:

thin, heavy Ocean

plate sinks
(gravity)
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" A Convergent margin key elements and systematics

Accretionary wedge: cold, inherent

Distal back-arc: Magmatic arc:
transition to hot, igneous-dominated strgng syn- _
intraplate sedimentary shortening

deformation, amagmatic

Back-arc basin:
(thickening crust)

hot, syn-sediment
magmatism, extension Intraplate: cold,

weak/strong deformation undeformed,
amagmatic

£

—

=

= : :

8 W ccanic crust
- Asthenasphere

motions

<= Platc motions
¥ Purtial melt diapir
Areas of melt
gencration
Fluid pathways
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10°S . 7
140°E 150'E  The Tasmanides Orogenic

System in Eastern Australia

o

ken River Province

New England
Delamerian Orogen
Orogen
g : easfemn 500 km

L=chla orogen
m ‘
n

- cemrqf O  giant orogenic gold

deposit (>500 t Au)
L 40's / Lachlan Ofogen ,
western ‘0 N n O world-class orogenic
™ |
| -

Lachlan gold deposit or
\ __nogheastgin district (>100 t Au)

Orogen i mania
. _ | © other major orogenic
140°E 150" § - gold deposit or district

The Tasman Fold Belt System —

3-4 cycles of Early-Mid Palaeozoic subduction-accretion
that progressively built eastern Australia....

(Personally | think most were continent-dipping, but debate
continues......)

Todays talk is predominantly about the Delamerian Orogen

BUT:

the gold part of the story is younger,
superimposed from the Lachlan Orogen
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A

Talk outline

Geological Systems Analysis — a logical way to overcome tectonic ambiguity / complexity

The ‘Stawell Zone’ —where is it and what does it look like?

The Moyston Fault and ‘Stawell Corridor’ — the complex faulted interface between the Stawell
Zone and the Grampians-Stavely (Arc) Zone.

Linking Stawell Zone geology to Stavely Arc geology — present-day Pacific Rim geology as an
analogue for understanding Cambrian western Victorian geology and mineral endowment.

How we think the ‘Stawell Corridor’ got most of its gold (hint: it stole it from the Bendigo Zone!)

Further work (chasing Stawell Zone gold (and Stavely Arc base metals) prospectivity under
cover.
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Victorian Seamless Geology

STAVELY ZONE

GRAMPIANS

A
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Eastern Stawell Zone boundary:

Avoca Fault

OFFICIAL

Two-way time (s)

b, - - - )c.

Line 06GA-V1

5. Cayleyetal., 2011

-STAWELL ZONE
4000 6000 8000
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A

Stawell Zone interior: upright, tightly-folded Cambrian metasediments (Saint Arnaud Group),
C ed faults (with gold deposits: eg Fiddlers Reef, St Arnuad)

"

"

@l l ¢

Carbonate concretions: some Stawell Zone sediments weren'’t deposited in super-deep water, like eg: Bendigo was

Stawell Gold Corridor Conference, November 2024 19
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Folded and faulted Stawell Zone sediments are intruded by large Devonian granite bodies

Stawell Gold Corridor Conference, November 2024
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A

Talk outline

Geological Systems Analysis — a logical way to overcome tectonic ambiguity / complexity

The ‘Stawell Zone’ — where is it and what does it look like?

The Moyston Fault and ‘Stawell Corridor’ — the complex faulted interface between the
Stawell Zone and the Grampians-Stavely (Arc) Zone.

Linking Stawell Zone geology to Stavely Arc geology — present-day Pacific Rim geology as an
analogue for understanding Cambrian western Victorian geology and mineral endowment.

How we think the ‘Stawell Corridor’ got most of its gold (hint: it stole it from the Bendigo Zone!)

Further work (chasing Stawell Zone gold (and Stavely Arc base metals) prospectivity under
cover.
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A

Overall geometry +

shallower water indications (carbonate concretions) +

tectonic mélange +

metamorphic character (high pressure) +

evidence of sediment recycling (Concongella

Gritstone) =

classic evidence for a ‘Type 1’ accretionary wedge
backstop setting above a west-dipping subduction

zone (Taylor & Cayley, 2000 JSJ).

5km -

10 km

15 km
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N NS
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Concongella Gritstone
Cayley & Taylor, 2001
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Convergent margin key elements and systematics

Magmatic arc:

hot, igneous-dominated

Accretionary wedge: cold, inherent
strong syn-
sedimentary shortening = Stawell Zone in the Cambrian
deformation, amagmatic
(thickening crust)
Intraplate: cold,
undeformed, = Bendigo Zone in the Cambrian
amagmatic

Back-arc basin Mz L
Spreading axis

400 300 200

W Ccanic crust
- Asthenasphere
motions

<= Platc motions

¥ Purtial melt diapir
@ Areas of melt
gencration

Fluid pathways

100 0

In vertin O 2 2 oAt . .
No vertical exaggeration Distance from trench (km) Stawell Gold Corridor Conference, November 2024 34
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West of the Moyston Fault — the Stavely Arc of the same age: J—




te at Mount Dryden.
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A

Talk outline

Geological Systems Analysis — a logical way to overcome tectonic ambiguity / complexity

The ‘Stawell Zone’ — where is it and what does it look like?

The Moyston Fault and ‘Stawell Corridor’ — the complex faulted interface between the Stawell
Zone and the Grampians-Stavely (Arc) Zone.

Linking Stawell Zone geology to Stavely Arc geology — present-day Pacific Rim geology
as an analogue for understanding Cambrian western Victorian geology and mineral
endowment.

How we think the ‘Stawell Corridor’ got most of its gold (hint: it stole it from the Bendigo Zone!)

Further work (chasing Stawell Zone gold (and Stavely Arc base metals) prospectivity under

cover. Stawell Gold Corridor Conference, November 2024 37
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L193: Southern Delamerian Seismic Survey, VIC-SA, 2009
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A

1000

Mount Stavely Volcanic Complex

Depletion of Niobium relative to Lanthanum (and Potassium):
a key characteristic of subduction-related (arc) magmas
y ub, - (arc) mag S
(fluid-immobile trace elements)

10

0.1

Whole-rock geochemistry - Continental arc (schofield et al., 2018)
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Convergent margin key elements and systematics

Accretionary wedge: cold, inherent

Distal back-arc: Magmatic arc:

transition to hot, igneous-dominated ~ StroNg syn- _ _ _
intraplate St lv Arc cdmentaryshortening = Stawell Zone in the Cambrian
Back-arc basin: ave y Ic deformation, amagmatic

(thickening crust)

Intraplate: cold,
undeformed, = Bendigo Zone in the Cambrian

amagmatic

hot, syn-sediment
magmatism, extension
weak/strong deformation

South America, today

‘I
J

Arc crust

|llu\|'l 3
Mantle

Z 5

=

5 B o crust
- Asthenosphere

moiions

<: Plate motions

10X
9 Purtial melt diapir
@ Areas of melt
gencration

Fluid pathways
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How big is the Stavely Arc?
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A

Talk outline

Geological Systems Analysis — a logical way to overcome tectonic ambiguity / complexity

The ‘Stawell Zone’ — where is it and what does it look like?

The Moyston Fault and ‘Stawell Corridor’ — the complex faulted interface between the Stawell
Zone and the Grampians-Stavely (Arc) Zone.

Linking Stawell Zone geology to Stavely Arc geology — present-day Pacific Rim geology as an
analogue for understanding Cambrian western Victorian geology and mineral endowment.

How we think the ‘Stawell Corridor’ got most of its gold (hint: it stole it from the Bendigo
Zonel!)

Further work (chasing Stawell Zone gold (and Stavely Arc base metals) prospectivity under

cover. Stawell Gold Corridor Conference, November 2024 43
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2006 regional deep seismic transects: GA, pmd*crc

\ne A

Cayley et al., 2011
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Au + 10-20% Ag, py-aspy Au+ 10-30% Ag & up to 75% Ag pyrite — arsenopyrite
(total sulfide to 40%) ga-py-aspy st‘m_n{te (total sulfide < 2%) stibnite
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This research shows that
tens of thousands of
cubic kilometres of
Cambrian metavolcanic
rocks underlie

the Bendigo goldfields

— a source for gold?

Goldfields geology
is thick-skinned!

— ———— e — - — e ———

Forward modelling
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Cayley et al., 2011
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This process need not be efficient — the data indicates
tens of thousands of cubic km of potential mafic igneous source rocks
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I Au + 10-20% Ag, py-aspy Au+ 10-30% Ag & up to 75% Ag pyrite — arsenopyrite
(total sulfide to 40%) ga-py-aspy stibnite (total sulfide < 2%) stibnite
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weak crustal
layer

Gale *mulations of basin closure (continental collision)

(r—

oceanic crust
: basalt + sediment
| [

i

continental crust
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Gale simulations carried out by Guillaume Duclaux — CSIRO
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Gale simulations of basin closure

Main basin Thrusts

* Initial formation of basin-
dipping bounding faults

- s s Strain Rate (x 10% s1)
er Fau 0.017 0.345 7.0
gord e -

 Moyston F., Heathcote F.

« Subsequent development
of back thrusts

« High strain zones within
the basin
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Recreates large bounding faults....

and a network of internal faults reminiscent of what is observed

in map-view in the Stawell and Bendigo zones

t=10 Ma
25% cumulative shortening

Post Failure Strain
<10 % >15 %

Pop-up \

Intra-basinal faults o
D Main basin thrust

Border Fault

GEOLOGICAL! v
SURVEY OF RIA

8.11 Ma
cumulative shortening: 20.7

Strain Rate (1/s)
1.00e-016 2.58e-015 5.05e-015 7.52e-015 1.00e-014

See: Rawling et al., 2011
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...and reminiscent of what is observed
in cross-section in the Stawell and Bendigo zones.....
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Devonian turbidites
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See: Rawling et al., 2011 <0.8 ! 1,12()( ) 1.45

0 a -

As these models are refined, improved predictive capacity for orogenic gold is sure to follow.....
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A

Talk outline

Geological Systems Analysis — a logical way to overcome tectonic ambiguity / complexity

The ‘Stawell Zone’ — where is it and what does it look like?

The Moyston Fault and ‘Stawell Corridor’ — the complex faulted interface between the Stawell
Zone and the Grampians-Stavely (Arc) Zone.

Linking Stawell Zone geology to Stavely Arc geology — present-day Pacific Rim geology as an
analogue for understanding Cambrian western Victorian geology and mineral endowment.

How we think the ‘Stawell Corridor’ got most of its gold (hint: it stole it from the Bendigo Zone!)

Further work (chasing Stawell Zone gold (and Stavely Arc base metals) prospectivity
under cover.
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A

Main take aways to remember:

Common ages and geological systems analysis show that the Stawell Zone and the Stavely Arc
were components of a continental margin subduction-accretion system active in the Cambrian.

The Stavely Arc experienced a similar (but shorter) geological history to the modern Andes of

South America — expected to have similar mineral systems styles (but likely smaller).
Thursdays Gossan deposit (Pennzoil / Stavely); Morning Bill (Navarre); Eclipse/McRaes (CRAE discovery).

The Stawell Zone was not significantly mineralized during its accretion in the Cambrian

HOWEVER — mapping and seismic data both show that the Stawell Zone was piggy-backed
over the deforming Bendigo Zone in the Late Ordovician.

The Stawell Zone (especially the Stawell Corridor) was connected to the lower Bendigo Zone via
the Moyston Fault..and this is where we think World Class Bendigo Zone gold came from.
The Stawell Zone has comparable gold potential to the Bendigo Zone.
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Thanks for listening.
Have a great conference everyone!
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