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Introduction 

Granites (s.l.) and related rocks of eastern Australia can be classified according to 
metallogenic potential using a scheme based on compositional character, degree of 
compositional evolution, degree of fractionation, and oxidation state.  The scheme is based on 
empirical and theoretical considerations and satisfactorily describes the known distribution of 
granite-related mineralisation (Figure 1).   

Granitic rocks of eastern Australia range from unevolved, mantle compatible 
compositions to highly evolved and fractionated.  They exhibit age- and region-specific 
variations in silica content, compositional evolution and oxidation state (Blevin et. al., 1996).  
The most unevolved intrusive igneous rocks comprise those of the Ordovician of the Lachlan 
Orogen (LO), and the Devonian of the New England Orogen (NEO).  Strongly fractionated 
and evolved I-type granites occur in western Tasmania, the southern NEO, and far north 
Queensland.  Other fractionated suites tend to occur relatively rarely in the LO (eg. the Boggy 
Plain and Koetong Supersuites) and elsewhere (e.g. Tuckers Supersuite in north Qld).   

Oxidation states of granites vary markedly throughout eastern Australia.  The most 
consistently oxidised rocks occur in the Ordovician of the central LO, the Urannah Batholith 
and Devonian of the northern NEO.  The Carboniferous I-types of the northeastern LO are 

consistently more oxidised than other Siluro-Devonian I-
types of the LO.  The oxidation states of granites in some 
areas appear to be influenced by wall rocks.  

 
Northern Queensland 

Both the Cape York Granites and Coastal Ranges 
(Georgetown-Herberton) Province are relatively felsic with 
the majority of granites containing more than 70 % SiO2.  
Only the granites of the Coastal Ranges Province have 
members that are strongly fractionated.  The granites of Cape 
York are very similar in many regards to the similarly aged 
Siluro-Devonian granites of the LO (and Siluro-Devonian of 
the Ravenswood Batholith), and their metallogenic potential 
is considered to be similar.  Sn-, W- and Mo-centred systems 
are widespread in the Carboniferous to Permian Coastal 
Range and related granites.  A significant break in the 
compositional character of granite magmatism occurs just 
north of Townsville from more evolved in the north to less 
evolved and fractionated granites to the south.  Cu-Mo-Au 
centred systems dominate in the oxidised, more unevolved 
Permian of the Ravenswood Batholith.   

 
 

Northern New England Orogen 
Devonian igneous rocks of the NNEO (Mount 

Morgan Tonalite Complex) share with the Ordovician of the 
LO the most unevolved compositions and highest K/Rb 
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ratios of all intrusive igneous units in eastern Australia.  The MMTC has trace element and 
REE signatures indicative of an island arc derivation.  The absence of HREE depletion 
precludes garnet as a residual phase in the source.  Sr contents are modest and the low Al2O3 
nature of the MMTC suggests that plagioclase was a residual phase.  The presence of a 
reasonably continuous compositional range within the MMTC suggests fractionation of basalt 
as the most likely origin.   

Post-Devonian magmatism in the northern NEO comprises moderately evolved 
compositions (200 < K/Rb < 400).  Granites of the Yarrol Province and the Urannah Batholith 
are on average less compositionally evolved in terms of K/Rb than granites further to the 
south (i.e. have many units with K/Rb values between 300 and 400).  Granites of the Auburn 
Province (Rawbelle) are clearly less evolved than those of the Moonbi Supersuite of the New 
England Batholith in the southern NEO with which it is usually compared.  Cu-Au 
mineralisation dominates in the northern NEO from the Devonian to the Cretaceous but tends 
to be low grade.  Intriguingly, oxidation states of most of the intrusive rocks in this region, 
with the exception of the Urannah Batholith, might not be as high as otherwise expected.  
More studies are required to establish the veracity of this, but the region retains potential for 
Au-rich systems, and Ag. 

 
Southern New England Orogen 

The granites of the southern NEO fall into two distinct groups in terms of K/Rb.  The 
Clarence River Supersuite (CRSS) has K/Rb ratios around 250 to 350, while all other 
supersuites have markedly lower K/Rb ratios.  In this regard the CRSS granites are more 
typical of the Yarrol Province and the northern NEO in general than of the south.  The 
Moonbi Supersuite granites are similar in terms of compositional evolution to that of the 
Carboniferous I-types of the Georgetown-Herberton region of far north Queensland.  Marked 
contrasts between the northern and southern portions of the Moonbi Supersuite are also 
mirrored in their divergent metallogenic associations.  The granites of the southern NEO have 
a relatively restricted range of oxidation states, with neither strongly oxidised nor strongly 
reduced examples being present.   

The southern NEO remains an enigmatic region of eastern Australia where a very 
large number of small mines are associated with a large volume of otherwise highly 
prospective granites.  The northern part of the Moonbi Supersuite is highly prospective for Sn 
and Au deposits.  Gold styles like those of Kidston should not be ruled out for systems still 
buried in Permo-Triassic volcanics or covered by Tertiary basalts.  The Clarence River 
Supersuite is not strongly oxidised, indeed only weakly so, and its prospectivity for porphyry 
Cu-Au type mineralisation can only be rated as very low.  However, these granites should be 
prospective for Au-Ag associations in both vein and epithermal styles. 

 
Lachlan Orogen: Ordovician 

The Ordovician igneous systems of the LO are hosted in four longitudinal belts.  More 
recent petrochemical and geophysical studies have supported a contemporaneous intra-
oceanic island arc setting.  Ordovician igneous units can be divided into two general 
compositional types.  The majority plot in the trachytic portion of the total alkali-silica (TAS) 
diagram and fall typically into the very-high-K (shoshonite) field on K2O-SiO2 plots.  The 
other group plots along a typical calc-alkaline basalt-andesite-dacite(-rhyolite) (BADR) trend 
on TAS plots and fall into the medium- to high-K fields on K2O-SiO2 plots. Transitional 
suites between these two trends are not common. Both compositional and isotopic data 
support an unevolved mantle origin for the Ordovician magmatism.  However the mg# of the 
magmas are relatively evolved and indicate that they represent fusion products of variably 
enriched mantle materials (Blevin, 2002). 
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In addition to their unevolved nature, the high relative oxidation state of the 
Ordovician units clearly distinguishes them from the Siluro-Devonian of the LO (Fig. 2).  The 
major metallogenic association is that of porphyry Cu-Au.   

 
Lachlan Orogen: Siluro-Devonian and Carboniferous 

Post-Ordovician granitic magmatism comprises a substantial proportion of the present 
exposed area of the LO of south-eastern Australia.  Although a large number of mineral 
deposits and occurrences are present, only Sn and W systems are world class in size and these 
are largely restricted to Tasmania.  Numerous metallogenic associations exist however and 
many have Au present.  This provides opportunities for exploration and discovery of new 
deposits.   

The majority of Siluro-Devonian I-type granites are typically too felsic and not 
strongly oxidised enough for porphyry Cu-Au systems, and not fractionated and oxidised 
enough for porphyry Mo systems (Fig.2).  Sn and Sn-W systems are developed on a world-
class scale in reduced and fractionated granites of the central LO and Tasmania.   

The granites of the Tasmanian west coast are associated with some of the largest 
granite-related mineral deposits in south-eastern Australia.  These include world-class 
deposits of Sn (Renison, Cleveland, Mt Bischoff), W (King Island, Kara) and polymetallic 
zoned systems (Zeehan).  These granites are felsic, and mostly highly fractionated and thus 
are difficult to classify.  However, use of chemical, isotopic, and petrographic data enables a 
satisfactory classification of these granites for the purposes of metallogeny. The granite at 
Renison is I-type, and long with much of the rest of east Australia, demonstrates that I-type 
granites have been the major source of Sn in Australia.  Taswegian granites are distinct from 
those of the rest of the LO in that they are generally younger than the main Siluro-Devonian 
magmatic event and all show the effects of feldspar fractionation (with the exception of the 
King Island granites). The I-type granites (again with the exception of the Grassy Suite) differ 
from other LO I-types granites by having higher Zr, Th and U, and being lower in Sr and Pb 
for any given value of SiO2 or FeO*.  Taswegian Granites are related to intense mineralisation 
because they are strongly fractionated, fortuitously shallowly exposed and intrude sequences 
containing reactive carbonates that provide efficient chemical traps for mineralised fluids.   
The Carboniferous granites of the northeastern LO have Mo-W, Sn and Au metal associations 
reminiscent of the Stanthorpe Group of granites within the Moonbi Supersuite (Timbarra); 
and with the Carboniferous Ootann Supersuite of the far north Queensland (Kidston, Red 
Dome).  While the Carboniferous granites lack the extensive areas of highly fractionated 
granites as other systems, some strongly fractionated members exist.   
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Figure 2.  K/Rb ratio versus relative oxidation state for intrusive igneous rocks, 
Lachlan Orogen.  del Ox refers to relative redox states calculated from 
Blevin (this volume). del Ox > 0 are oxidised.  Open squares = Ordovician 
units, closed squares = Siluro-Devonian units.  Ordovician units fall into 
the field associated with porphyry Cu-Au. 
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Why is the Ordovician so prospective?

• The Ordovician has all the parameters 
considered conducive to porphyry Cu-Au 
mineralization.

• Appear to be volatile rich systems at least at 
the felsic stage.

• Degree of preservation has allowed 
mineralized upper portions to be preserved. 
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LFB SLFB S--D/D/CarbCarb Igneous MetallogenyIgneous Metallogeny

• Igneous Metallogeny of the LFB is a 
simple function of:
– Granite type
– Compositional evolution
– Presence of fractional crystallisation
– Oxidation State

• Ordovician chemistries, oxidation 
states are not present in younger rocks



Blevin, P.L., Metallogeny of eastern Australia. Ishihara Symposium

© Geoscience Australia, 2004

PPetroetroCChem hem CConsultantsonsultants

600500400300200100
-15

-10

-5

0

5

10

LFB
Ord

LFB

Nth Qld
Carb.

age (Ma)

Nth Hodg.
Perm.

NEO

NEO
Cret

Sth
Nth

I-
ty

pe
s

S -
types

εNd

MMTC

RAV Perm RAV



Blevin, P.L., Metallogeny of eastern Australia. Ishihara Symposium

© Geoscience Australia, 2004

PPetroetroCChem hem CConsultantsonsultants

SilSil--CarbCarb

10310210110010-110-210-3

10 -1

10 0

10 1

Rb/Sr

Cu-Au

W

Cu-Mo Mo
W-Mo

Sn±W

Increasing
fractionation

Increasing
 oxidation

SnFe2O3/
FeO

Intrusion-Related Gold

OrdovicianOrdovician(LFB)(LFB)
Different types of intrusionDifferent types of intrusion--
related Au deposits related Au deposits 
correspond correspond 
to magma properties such to magma properties such 
as:as:

•• oxidation stateoxidation state
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association that most closely association that most closely 
relates to magma relates to magma 
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Some gold-igneous associations in the post 
Ordovician LFB

• Au polymetallic (Cu Mo Pb Zn..) 
associations with moderately oxidised and 
fractionated granite systems.

• Au (+/- As, Te, Bi) with weakly oxidised to 
neutral granites and more mafic rocks.

• Au with reduced granites of central Vic -
granite derived or remobilised?
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Au in W-Mo Association
Timbarra, Kidston, Red Dome Type

• Mo and W-Mo-Bi associations (granitophile)
• High-K calc-alkaline, evolved and 

fractionated suites in NEO and NQ.
• Au in paragenetically “distal” parts of 

systems
– Au-basemetal; Au-As; Au-Bi-Te.

• Kidston is breccia hosted, Timbarra is 
disseminated, Red Dome is skarn; but 
magmas and metallogenic associations are 
similar.
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• High-K
• Strongly 

fractionated
• Relatively oxidised
• Sth’n Group 

associated with W-
Mo, Nth’n Group 
with polymetallic 
Mo, Sn, Au 
associations
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Timbarra

Distribution of granite Distribution of granite 
types within the types within the 

Stanthorpe Stanthorpe 
Granite GroupGranite Group

Unroofing?

Au in 
molybdenites
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Timbarra Type
• Au is disseminated 

in apical portions of 
granite cupolas, 
often beneath 
internal contacts.

• Miarolitic cavities, 
pegmatites, aplites.

• Greisen, early Mo 
veins also present
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