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Gawler Craton: hosting the world’s

premler |IOCG(U) province
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“...Itisin the total ore environment that we
must seek to recognise critical patterns. Patterns
give us features which can be extrapolated and
which, therefore, help answer that most vital
guestion, where to look .

(Roy Woodall, 1983, Geoscience Canada)

Olympic Dam deposit, cross section

Geoconferences IOCG Workshop, Perth WA, 29 May 2014




MINERAL SYSTEM - geological components

PRESERVATION
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1. ARCHIT
Event A

Craton Province District Dep osit Micro

[Adapted from Five Questions Q1-Q5 of the pmd*CRC SCALE
and Wyborn et al., 1994] (From Skirrow, 2009, GA Record 2009/40)
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1. Lithospheric architecture of
|IOCG hydrothermal systems

Trans-crustal to trans-lithospheric breaks
control IOCG province locations

GEOSCIENCE AUSTRALIA (om0 e fumirmia) 2012 Geocon ferences IOCG Workshop, Perth WA, 29 May 2014




Lithosphere-asthenosphere boundary (LAB) depth,
major crustal domain boundaries, and IOCG deposits

Bushveld-type Kimberlite
Ni-Cu-PGE diamond

- Lamproite
Iron oxid . ;
FREE | diamond |OCG deposits

(Vergenoeg)| A9¥'€)  (Olympic Dam)

. ——
Continental crust

p—SCLM |

LAB
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/ Ty Mantle mantle
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Subcontinental |
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mantle
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(Groves et al., 2011)

(caveat: image shows
present day lithospheric

Olympic IOCG —F ‘ _
province e : ~ architecture, not

necessarily that at times
of ore formation)

Data sources

LAB: Czarnota et al. (2014) '
= Crustal domain boundaries: Korsch & Doublier (2014) ' \ £

Seismic reflection lines: Geoscience Australia, Sta  te geological surveys;?AlisScope
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Major IOCG provinces at margins
of lithospheric blocks,

controlled by trans- Cloncurry I0CG
crustal structures Province
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Olympic IOCG — 2%
Province

From Skirrow (2013, PDAC)

Data sources

Nd map: Champion (2014)

Crustal domain boundaries: Korsch & Doublier (2014)




3150-2520 Ma: Archean
metamorphics including meta-
komatiites

~1850 Ma
orogenic belt

<2000-1850 Ma: BIF, carbonates,
siliciclastics; passive margin

NI

Olympic Dam &
other IOCGs at

margin of Archean
(Groves & Vielreicher, 2001)

and hosted by
~1850 Ma
orogenic belt &
~1760 Ma back-

arc? basin 30 km (_/’N‘;Q



mafic intrusions
faults

~1595-1575 Ma: Olympic IOCG Province;
3 ‘footprints’ (2002-2006)

Cu-Au (-U) spatially &
temporally assoc’d with
some Hiltaba-GRV and
mafic-u/maf intrusions
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Low conductivity * High conductivity (within Proterozoic
(Archean crustal % crustal domain)
domain)
Moho OD above trans-

crustal boundary

and conductive zone
(source unknown)
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2014: magneto-telluric surveys, Olympic Dam region

10 km 25 km
depth depth
\2003-04
Seismic
and MT
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> PAS
conductive

conductive

— confirming 2004 results

50 km  (Heinson et al., 2014)
depth
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Possible
extension of

I0CG prwm%? \

\ /l\>/A\
100 km 0

Craton -scale controls
on IOCGs

Margin of Archean litho-
sphere now mapped in 5
seismic lines, MT, Nd isotope
data, and seismic tomo-
graphic data.

A fundamental control on
location of the IOCG
province

Hillside —__
Cu-Au
magnetite
(-hematite)




2. Energy sources (drivers) for
|IOCG hydrothermal systems:



Interpreted,
not outcrop






Gawler
Curnamona

Olympic Dam

Extension

Compression



Intracontinental rift, anorogenic magmatism (Giles, 1988; Creaser,
1989, 1996; Drexel et al., 1993; Daly et al., 1998; Hitzman, 2000)

Subduction zone migrating over mantle plume (Betts, 2004; Betts et
al., 2009)

Lithospheric delamination  (Skirrow, 2009)



3. Metal, sulfur and fluid sources
In IOCG hydrothermal systems:
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Fluid A: magnetite-related
hypersaline hi-temp brine

450-500°C brines 22"
S silicates/

~carb
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L-V fluid
inclusions

Associated with Cu-Au-U deposition



dDwater, per mil
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PIXE analyses of fluid inclusions: ICPMS analyses of fluid inclusions:

Williams et al. (2001), Bastrakov et al. (2007) Xavier et al. (2009) .
magmatic

Gawler.

SET



LA-ICPMS analyses of fluid inclusions, from Rusk (2 011, SGA Shortcourse)
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Current
erosion

Zoned IOCG(U) system — crustal scale

U
L]

From Hayward & Skirrow (2011)



4. |OCG ore depositional
gradients:
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Best Cu-Au(-U) in redox gradients; many untested an  omalies



(Cu-Fe sulfides,
Au, U in
‘demag’

zone)

Magnetic high

(MAGNETITE ALTERATION
REDUCED TO IN

MEDIATE REDOX)
From Hayward & Skirrow (2011)







1. Crustal architecture

2. Enerqy sources / drivers of hydrothermal system S

3. Sources of metals & fluids




For more information, and free national and
regional geoscientific datasets, visit:

www.ga.gov.au/minerals
Www.geoscience.gov.au/

Olympic Dam
breccia






Cu, Au, U, LREE, Ag, CO ,, F, P, Ba, Mo association

Cu-Fe sulfides & Au spatially associated with abund ant (>10%)
low-Ti magnetite and/or hematite

Local alteration is potassic (Kfs, bt), or hydrolyt ic (ser, chl),
and/or carbonate; regional alteration is Na-Ca (alo , amph)

Distal from coeval igneous intrusions; bimodal magm atism

(based on Hitzman et al., 1992; Hitzman, 2000; Williams et al., 2005; Groves et al., 2010)
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From Skirrow et al. (2011) in Huston (ed.) (2011, GA Record 2011/34)



