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• General IOCG characteristics

• General features of EH that relate to exploration

• Magnetite chemistry at EH

• EH Ore genesis model

• Alteration and metal zonation around the EH 
orebody

• two difference types of IOCGs regionally and 
diversity of geophysical signals

• Regional to local distribution of specific breccia 
styles

• Geomechanical modelling (2D) of structural 
corridors and their significance 3D  modelling at Ernest 

Henry, John McLellan 



Common features 
of IOCGs
(Williams et al., 2005; Econ. 

Geol. Anniversary Volume)

1. Presence of  copper with, or without gold as economic 
metals;

2. Distinctly hydrothermal vein, breccia, and/or replacement 
ore styles, characteristically in specific structural sites;

3. Mineral parageneses that indicate ore formation under low 
activities of  reduced sulphur (e.g. high ratios of  iron oxides 
to iron sulfides and/or pyrrhotite more abundant than 
pyrite);

4. The iron oxides have low Ti contents compared to those in 
most igneous rocks; 

5. Ubiquitous CO2 and brine fluid inclusions

6. Few intimate associations with igneous intrusions such as 
characterize porphyry and skarn ore deposits.





Fundamental orebody 
characteristics



Ernest Henry Airborne Magnetics

• The HWSZ and FWSZ form 

part of a linked duplex of 

structures that splay from a 

major controlling lineament as 

it bends from a N-S strike to a 

NE-SW strike.

•The bending occurs where the 

shear zones retract around two 

major diorite bodies.

Key physical features of the orebody that relate to exploration



CBX

MBX



• Ernest Henry shows an almost strict relationship between 
detailed breccia character and Cu+Au grades and 
distributions (clast %, roundness, spacing)

• …. Implying that the specifics of breccia cementation 
controlled the deposition process
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Magnetite chemistry – brownfields 
or greenfields potential?



Magnetite Mn_mean
(over > 1% Cu shell)
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Ore deposition and alteration



Na-Ca 
alteration

Ernest Henry Ore precipitation: initial structural focusing of K-Fe-bearing brines 
into dilatant sites (sometime with Cu and Au)

Super-deposits? Volume expansion of entrained magmatic-
hydrothermal HCOS-Cu-Au fluidized breccias into brine-dominated 

structural sites 





Ore stage alteration,  
rich in K, Fe, Mn

Future potential 
research:

Distinguishing 
different albitite
types to identify 
those which 
represent ore-
related signals 
(versus regional 
albitites scouring 
Fe-K-Ca)





Geophysical signals and 
prospectivity



From Pat Williams



 



Ranking of Ingredients – prospectivity analysis led by 
Roger Mustard in the 2001-2008 Predictive Mineral 
Discovery CRC (pmdCRC)

Ranking Key Ingredient Contrast Confidence

1 Copper in rockchips (>249 ppm Cu) 2.50 36.31

2 Gold in rockchips (>0.11ppm Au) 2.38 26.45

3 Corella-Soldiers Cap Contact (750m buffer) 1.87 13.98

4 Aeromagnetics (magnetic highs) 1.82 14.36

5 N-S and NE faults (650m buffer) 1.45 17.20

6 Mafic Intrusives (750m buffer) 1.25 7.47

7 Lithologies (dominantly Cover Sequence 3) 1.21 5.09

8 Gravity (Gradients) 1.03 15.91

9 Bends on N-S and NE faults 1.03 2.33

10 Metamorphic Grade (Amphibolite Facies) 0.98 7.85

11 Radiometrics (U/Th) 0.83 4.46

12 Williams and Naruku batholiths (4km buffer) 0.64 3.36



Expert versus Data Driven
9 Layer Model, Ernest Henry – Cloncurry Region



Structural corridors: what/where 
and how defined?



Most known Cu-Au deposits 
(including EH-style IOCG 
deposits) relate to the 
Cloncurry Worm at regional 
scales (the main Cover 
Sequence 2/3 boundary) but 
autocorrelation of different 
sized and differently oriented 
fault segments with 
mineralization is unclear at 
more detailed scales (Austin & 
Blenkinsop 2009)





Mapping by Marshall, 
Oliver, Cleverley, 
Bertelli, Rubenach, 
Blenkinsop

Oliver, N.H.S., Rubenach, M.J., Fu, B., Baker, T.,  Blenkinsop, T.G., Cleverley, J. S., 
Marshall, L.R., & Ridd, P.J. 2006. Granite-related overpressure and release in the mid 
crust: fluidized breccias from the Cloncurry district, Australia. Geofluids, 6, 346–358
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Corridors of diatreme-like breccia pipes and 
sheets along regional fault/shear zones



15 sheet ESE shortening PfF

Model outputs: 
geomechanical
parameters 
relevant to 
predicted failure 
on faults and thus 
mineralization 
potential

Geomechanical modelling (2D) of late-Isan deformation and fluid flow on fault/shear arrays 
(John McLellan during pmdCRC, and McLellan, Oliver and Brown GSQ/QEC support 2016-7)



Some regional 
discordant breccia 
pipes:
Structural control 
at one scale, 
chaos internally



Summary

• Assumed: Williams Batholith, proximity of mafics, 
proximity to Cover Sequence 2/3 boundary, proximity 
of magnetic ironstones

• The right structural corridors (existing prospectivity, 
existing numerical modelling)

• Presence of diatreme-like breccias
• New geomechanical modelling- zooming in (1: 100000, 

25000, 5000 scale)
• Albitization outboard of K-Fe alteration? More than one 

type of albitite
• Mn-K anomalism (rock normalized)
• Magnetite chemistry
• Pyrite chemistry, S isotopes, carbonate C-O and Sr?


