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Refining the Cobar-type mineral system:

New insights spawned from direct dating of mineralisation
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Presentation outline

1. When? — examples of direct dating of Cobar mineralisation

2. What? — attempting to understand key characteristics
3. Why? — what’s happening in the Central and East Lachlan Orogen

4. Summary
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The Cobar Conundrum

Cobar-type deposits:

Deformed, fault-controlled, sometimes broadly stratabound,
polymetallic sulfide +/- Au orebodies with similar geometries
that are isolated in basin turbidite sequences.

Not only do we have the blinkers of structural complication on,
but we are missing a plausible genetic link.

Wik
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Orebody paragenesis — prograde skarn and
retrograde Zn—Pb sulfide mineralisation

Tremolite-rich hydrous retrogression Prograde skarn, peak temperature
— main sulfide mineralising stage _ — reduced, low-CO, Ca—Mn distal skarn
!

sulfide—tremolite
hydrous skarn
complete recrystallisation

sulfide—tremolite

= hydrous rind

| #38] \ textural preservation
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Orebody paragenesis — Au

Titanite (SHRIMP) 400.3 + 4.6 Ma, (TIMS) 403.39 + 0.97 Ma
\
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Gold in biotite foliation Orebody parag en esis _
deformation

Biotite (Ar—Ar) 390.3 £ 0.23 Ma

Plateau steps are filled and indicated by arrows box heights are 2o
420 |
Grain NSW34-2
i Plateauage=390.03+0.23 Ma (20)
MSWD= 0.87, prob. =0.48
400 + incl. 59.5% of the %Ar
. . ) i , = = —
Tremolite-rich hydrous skarn s : < >
. g 380 Grain NSW34-3
< Plateauage=389.6010.23 Ma (20)
- MSWD= 1.6, prob. =0.20
incl. 51.2% of the 2%Ar
360
Remobilisation?
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New mineralisation? L

40 60 80 100
Cumulative 3°Ar (%)

Biotite-rich foliation overprinting skarn "1
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Chlorite

Orebody paragenesis —

brittle faulting

Titanite (SHRIMP) 383.9 + 2.2 Ma, (TIMS) 383.98 + 0.43 Ma
\

10 GSMNSW: NSWSIAFO158.016 / GA: 2615455
. . Titanite from quartz vein, Hera Au mine
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Sphalerite and post-S1 folding

Orebody paragenesis —
post-deformation

box heights are 1o

Sample HRDO018

 Mineralisation that Muscovite
crosscuts foliation.

e New or
remobilised?




14712°E

S WY "R\ \ | =
WY ///” (- == Perseverance and Chronos
S\ -Endbavarisd ! | \ - N 5 o Bl sootheragandra Group

| \? (M EEE vama Yara Creek Group
ol
J > g Qctha Group
/ ;‘ | Walters Range Group PR { > ——— - —Par.,
\’1 3 \\ o l\ E 3 Winduck Group i | \ red ! A Rass
W [~
4 H{ A A |5 Amphitheatre Group LY 1 .
Octiden ‘% Nurri Grou : A ‘
\_d\-‘, Hermidale [ i y t To Nyngai
yn an| M Mount Hope Group P
g \ B 5o Ronce Grve erseverance—

Rast Group

Mouramba Group C h ro n O S
Kopyje Group

Tarran Volcanics

I Devonian intrusions

BEE cen gen Silurian units
| Wagga Batholith uni

Koetong Supersuite undifferentiats

Ne

= i
Occi denla l?

Koetong Suite

Ungarie Suite

Fifield Suite
Ordovician
I Bendoc Group
Silvehpeak
Girllambone Group \\ \‘
Wagga Group Blue L{{ de”

Wagga Group and Bendoc Group

;_’ g \ i =8 (1) Chesney Fault
2 NG 5E (2)  QueTggg Fault i
7 Prestl \ g (3)  Rookery F: 0 Gold Mine M .
{ M\
\ \ 0\ ‘ & CopperMine ! _— ! *
k unt Solif AR Mine or prospect {6 505 000 N |
} Great J v k s Locality
\ unt Solar
/ 0 Hiatwzy Perseverance New Occidental Chesney New Cobar Great Cobar
d  —— Majorroad, sealed Inactive Jubilee
S Major rod, unsesled =7 O o
~ R Ypoolin —— Unit boundary f ®Y
/ —— Fault g {
| " Dapville Q,r
L | — f K e
3 | N —_— = N b
‘\ / —_— F o New Cobar Deeps 4
‘ / Chesney Dezps  Gladstone : Ggp
> ‘, . Peok Deeps
N
\ -Topoqrapny
D ' Underground
Hillston | Development
Mineralization
. / q %5 StIJ km PbiZn > 1 percent q
l s aa N Cu > 1 percent N
7 [ Au 1 grams perton
\
k / 10 km
\
)
A\ ! Sydnay
\ i Canberr:
/\ S Wiie t Steven et al. 2017
I.I
a4+ |_Goalgovi L ) 34005
145°30°E 147°12°E

2016_084



data-point error ellipses are 2o

e mas Perseverance and Chronos
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 Two generations of
hydrothermal titanite:

o deformed mineralised
veins

408.6 +/- 4.7 Ma

o Cross-cutting barren
veins (similar to Hera)

o located at ore lens
terminations

390.3 +/-7.3 Ma.
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Rutile in cubanite—chalcopyrite CSA _ in Situ datlng

[} Hydrothermal rutile ﬁgugon;e;g:?i? " M}
o cubanite/chalcopyrite g
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420

430

Tabberabbern Orogeny
390-380 Ma

Hera(Au)/Blind Calf

Perseverance/Chronos/

CSA/Yellow Mountain % }
}HHH%HMHHHW

Mineralising event

@ Intrabasinal magmatic rock age dates (U-Pb)
@ Direct age dates of mineralisation (U-Pb and Ar-Ar)

® Direct age dates of compressional deformation (U-Pb and Ar-Ar)

Endeavor/Hera(Pb-Zn)/ o o+

Peak(Pb-Zn)

Jter

-
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Victorian Bindian Orogeny
415-410 Ma

Mineral Hill/Norma Vale

Cobar Basin sedimentation
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Dating summary

Early syn-rift mineralisation
e ca. 420 Ma e.g. Mineral Hill.

Cobar Cu—Au sweet spot @ 413-408 Ma
» youngest intra-basin magmatism 411 Ma

» plotincludes Yellow Mountain (Au) dated at
ca. 412 Ma.

Hera skarn Au—Pb-Zn 405-400 Ma
* renewed high heat flow
* no evidence of a genetic link

* includes Segals and Blind Calf dated at
ca. 400 Ma.

Foliation formation and brittle faulting at Hera
@ 390 Ma

* there is no doubt that there is Pb—Zn
mineralisation at this age as well.



What? — attempting to understand key
characteristics
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Cobar Basin
Mantle seawater sulfate

Most igneous rocks

v

|
Hera : ol
Perseverance/chronos : il
|
l Mod
CSA | odaern
| B seawater
Mallee Bull : sulfate
|
Mineral Hill : ——
|
Woodlawn : ——t
|
Collector skarn I —
| Peel MC
Peelwood district l ——
| Cord JF
| | I | !
-30 -20 -10 0 10 20 30

N
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Sulfur source

e Simple ratio of S34/S32 (834S)
e Cobar

« consistent 834S within deposits and marked variation
between

* Hera = most igneous-like
 Mallee Bull = most seawater-like
» overall, a variable sulfur source

* Mineral Hill a ca. 420 Ma high-sulfidation epithermal
orebody in Cobar

e O3S the same as Perseverance/Chronos/CSA.

e HET and Goulburn basin
» accepted Siluro-Devonian VMS and skarn
 Peelwood district VMS same variation as Cobar.

 The point
» Cobar orebodies have an inhomogeneous sulfur source
 variable basement source?
» variable magmatic versus formation/sea input?



https://thenorwichradical.files.wordpress.com/2016/09/etc_elephantroom50 01 630x420.jpg
g et

Pb model ages

« End members that span the range of interest
* Mallee Bull
* Pb model age of 432—-422 Ma

» same as some Ordovician-hosted Cu-deposits.
Strong involvement of basement and basin.

* Hera
* Pb model age of ~401 Ma (412-397)

» younger than basin, but same age as
mineralisation! Now an event of this age!

 Endeavor—CSA (Pb)
* Pb model age of ~390-380 Ma
» Tabberabberan Orogeny, basinal fluid.

.
B L)

* The point: Is it mixing?

Different parents? We are exclusively using high-Pb . Cobar deposits have a variable Pb-source
minerals (galena) as a proxy for source in deposits with . some old - basement source (Mallee Bull)
known time transgressive metallogeny like CSA . some source age = deposit age (Hera)
* some young - Tab Orogeny (CSA-Pb, Endeavor)
5[.“' H Not new Used to suggest basement Cu—Au mixed * need a good reason to have Pb-age younger
NSW  with basin Pb—Zn (Lawrie & Hinman,1998) than U-Pb dating

GOVERNMENT  CSA (Pb model age) 380-390 Ma
» U-Pb dating of CSA (Cu) ca. 410 Ma.
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Drowning in isotopes — fluid 8D-6130

PERSEVERANCE/
CHRONOS
Chlorite

magmatic
water

HERA

\') Amphibole

Metamorphic
waters

i ©

—

\ I-type magmatic water

Most igneous
biotite and
hornblende

S-type magmatic water

0
5120

I
10 20

« What are water 8D-5180 values?

» determined using measured ratios of
D,0O/H,0 (6D) and O8/016 (8180) for biotite,
amphibole and chlorite

» adjusted for temperature of formation and
mineral composition to calculate the isotopic
composition of the last fluid that equilibrated
with each mineral.

« The point

» as temperature decreases the fluid evolves
from a field consistent with I-type/felsic
magmatic water (or metamorphic) into the
field of low latitude formation waters

« fluid source changes character through time
and during orebody cooling

« thermal disequilibrium between 2
different fluids, hot ore fluid and cold
low-latitude formational fluid.



Burial versus hydrothermal heat

* Burial metamorphic T based on
Burial peak-T e « Conodont Alteration Index (CAI), white mica crystallinity
Shelf i Basin Hydrothermal peak-T T.7 (Kubler).
:  Peak hydrothermal T based on
Wonawinta i:? * mineral thermometry, white mica crystallinity, fluid
inclusion entrapment T.
Endeavor o
e Timing
Mallee Bull « orogenic model burial/hydrothermal = synchronous
« some orebodies older than 390 Ma foliation!
CSA (Cu)
 The point (if we assume synchronicity)
Chesney 3 « the exposed mineralised levels (all in the lower half of
3 the basin fill) experienced fairly uniform burial (AT~
- —
Perseverance 50°C east to west)
Nymagee : * large thermal disequi.libriunj between orebody
z and host rocks results in cooling, retrograde
Hera g g D evolution and mineralisation. Hera, Perseverance,
] CSA (Cu)
| | | » close to thermal equilibrium between orebody

100 200 300 400 500
Temperature (°C)

and host rocks. Endeavor and Wonawinta.



Why? —what is happening in the Central
and East Lachlan Orogen
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zircon population

What of our genetic link?

413 and 403 Ma within and around the Cobar Basin?

» U-Pb geochronology of intrusive rocks

» entire deep-water basin deposited between 423-418 Ma.
Age differences unresolvable throughout basin

* Yarra-Yarra Creek and Winduck groups record shallow-
water deposition into the Emsian ca. 408 Ma

* |- and A-type dykes intrude Rookery Fault system at 415—
411 Ma. Boolabone Granite 415 Ma @ Mt Hope

» isolated deep-water volcanism in Rast Trough to 412—-409
Ma.
» Age of fossils and mass flows (Mathieson et al. 2017)
* end Lochkovian—Pragian (415-407 Ma) instability
» switch from rift to sag
» Pragian outrunner blocks — Lerida (Biddibirra Fm)
» allochthonous packages — Shume Fm
» limestone and volcanic blocks?
» conglomerates/olistoliths — Shume Fm

« abundant sand influx (Alley Sandstone etc...).



What of our genetic link?

. S-type . I-type A-type . Mafic

Shallow marine/ Syn-rift phase E Unconformity . . .
. carbonate subaerial/shallow marine What's happenlng between 413 and 403 Ma in the
Syn-rift phase greater Lachlan Orogen?
Sag-phase Bl Marine mass flow deep marine
Central Lachlan NSW East Lachlan NSW

Cobar Basin — shallow marine shelf AND deep water mass flow

Bungonia * Pragian limestones Shume/Biddibirra formations, Pragian to
e Emsian shelf.

Winduck 8 Mt Hope
Shelf

3933

EMSIAN » Jemalong Trough (and Buchan in Vic) — immediately east of the

A H;gaz Gilmore Fault have the youngest-lived rifting and subaerial volcanism.
e * Pragian to end Emsian 410-400 Ma. Intrusions at 405-400 Ma

407.6

PRAGIAN

EARLY DEVONIAN

410.8

CSA/Percy
Cu-Au-Zn « Rest of the East Lachlan — major rift-related high-T magmatic event

LOCH-

OVIAN » Late Lochkovian—Pragian. Extensive plutonism and subaerial

Min Hill volcanism. Mass flows in deep water.

419.2

PRIDOLI

423 Cu-Au « Calming, shallow marine carbonate deposition and sag-phase

deeper marine deposition during the Emsian Quiescence.

SILURIAN

LATE

LUbDLOW

4274

e Bindian Orogeny (south) 415-410 Ma.

EARLY
SILURIAN

WENLOCK

4334

Gilmore Fault

After Glen (2009, 2016) and
Fergusson (2010)
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Summary - Part 1

 Time transgressive mineralisation. Some orebodies are manifold in nature.

* 420 Ma — Volcanic belts (e.g. Mineral Hill)
» early rift phase. Most people happy with this one.

* 413-408 Ma — North Cobar Cu—Au mineral field (e.g. CSA (Cu), Perseverance, Pipeline ridge)
* Dbasin instability OR just late sag phase? Continuing magmatism until 408 Ma

* 405-403 Ma — South Cobar Pb—Zn—-Cu—Au mineral field (e.g. Hera, Nymagee, Blind Calf)
* Renewed extension? Poor timing on high-T skarn phase

* 390-380 Ma — Pb-Zn(Ag) systems (Wonawinta, Endeavor, ?CSA(Pb-Zn)
» Tabberabberan Orogeny inversion.

* Isotopes and heat source for 405-403 and 413-408 Ma orebodies
* inhomogeneous sulfur source — consistent with magmatic to basinal sulfur
» variable Pb source — basement, basin, unknown, orogeny? Depth and age control
» cooling to isotopically heavier fluid dominance — consistent with mixing of magmatic-formational fluid
» thermal disequilibrium and injection of heat along faults into relatively cool basin

l!:l‘l:’_)' All consistent with involvement of magmatism 413—-400 Ma.

Naw Recently dated magmatic activity to 408 Ma.



Summary - Part 2
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Late Lochkovian—Pragian in the greater Lachlan — a time of active rifting and magmatism

rifting and extensive magmatism followed by Emsian quiescence (East Lachlan)
rifting into the Emsian ca. 400 Ma in the western East Lachlan (Jemalong)
Victoria: Bindian Orogeny ca. 415-410 Ma followed by rift to sag (Buchan Trough) ca. 410-400 Ma
Cobar orebodies located over major strike-slip fault system(s) with the Gilmore Fault as the master
* small observed movements can have big results on this crustal-scale structure
» Fault focused magmatic activity recorded to ca. 408 Ma (Tollingo etc.)
The Central Lachlan is tectonically quiet, BUT...

» Lachlan-wide tectonics can be the trigger to reactivate basin during rift-sag transition, syn-sag phase or even post-
sag phase

» look to far-field tectonics— renewed extension (East Lachlan), Bindian compression (ca. 415-410 Ma) or even post-
Bindian relaxation

* no doubt that the basin does provide Pb—Zn(Ag) from deep aquifers during inversion in the Tabberabberan (ca.
390-380 Ma), BUT...

» Cu—-Au-Pb-Zn mineralisation synchronous with older Lachlan-wide tectonic events and associated with
thermal perturbation and involvement of magmatic rocks as the energy and likely metal source.

Successive basin tapping and periodic magmatic input along large-scale basin faults.
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