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Some Au-rich intrusion associated systems of east Australia
' Red Dome (1.3 Moz)
Kidston (3.4 Moz)

Ravenswood (3.1 Moz) Epithermals
Mt Leyshon (2.5 Moz)

Nth Drummond
Basin deposits

e— Mt Morgan (8 Moz) i Kilkivan
.............................................................................. Cracow
Timbarra (0.3 Moz) : Mt Rawdon
D H Drake
................................................................................. Mt Terrible
North Parkes (1.3 Moz)
Cadia/Ridgeway (>19 Moz)
_— Lake Cowal (3.0 Moz)
: Mineral Hill, Mt Adrah, Braidwood
G Henty (1.2 Moz), Mt Lyell (<3 Moz)
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Qutline

Granite metallogenesis, using regional datasets, esp.
regional geochemistry

 Review of igheous metallogeny - commodity type &
Intrusion parameters

e Intrusion-related mineralisation in E Australia
— Sn, Cu-Au, Au

 GA datasets & projects
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Igneous Metallogenesis

Blevin et al. (1996) showed a
strong relationship between
commodity types & intrusion

Cu-Au cuMo Mo parameters:

Igneous Metallogenesis
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Blevin et al. (1996)
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Igneous Metallogenesis

Modified after Thompson et al. 1999, Lang & Baker (2001) Thompson et al - (1999)
Oxidised - chalcophile showed a similar
Element Au Association . )
relationship between
commodity types & igneous
parameters:

e oxidation state, and
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compositional evolution
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Continental back-arc

Also added a tectonic overlay

Moderately reduced

lithophile Element ) _
Au Association Continental arc-rift
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relatively reduced log fO2 relatively oxidised
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Igneous Metallogenesis

Modified after Thompson et al. (1999), Lang & Baker (2001) Thom pSO n et al . (1999)

Also added a tectonic

overlay
4
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E |£ [ primitive continental
s | 8 crust)
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relatively reduced log fO2 relatively oxidised
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Igneous Metallogenesis

Modified after Thompson et al. (1999), Lang & Baker (2001) Thompson et al- (1999)
Oxidised - chalcophile .
Element Au Association AISO added a tectonic
' overlay
g
E o
- :
s o « Primitive (island arc &
E |£ [ primitive continental
S |2 3 Crust)
0 3
(1
Moderately reduced
lithophile Element / _ _
Au Association Continental arc-rift .
30 10 e Continental Crust

relatively reduced log fO2 relatively oxidised

Digging Deeper, November, 2007 GEOSCIENCE AUSTRALIA



lgneous Metallogenesis

Simple but powerful relationship Igneous Metallogenesis

1

.. 10 Blevin et al. (1996)
Can be used predictively

Fe203 10° Cu-Au cu-mo Mo
e.g., Sn related to reduced, FeO T W

strongly fractionated granites [k

Increasing
Oxidation

Increasing
Fractionation

Reduced

Fractionated
-1

107 10

Rb/Sr ratio

Why? Sn4+ substitutes into iimenite, biotite, titanite. Sn2+ is
Incompatible in magmatic minerals, thus:
buildup of Sn occurs in reduced evolved magmas.
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Methodology

Can use either

e geochemistry — point
datasets, or
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Igneous Metallogenesis

Methodology

1
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Can use either .
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Igneous Metallogenesis

B Sn — North Qld

Blevin et al. (1996)
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Igneous Metallogenesis

B Sn — North Qld

Blevin et al. (1996)

Fe203 10° Cu-Au cume Mo

FeO ?
ratio w
7 Increasing
Oxidation

Increasing
Fractionation Fractionated

Fract/Reduced granites & Sn

Legend
[] 250K Sheets
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Degree of
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Igneous Metallogenesis — Cu-Au

Strong relationship between Cu-Au Igneous Metallogenesis
mineralisation and intrusions O Elevin ot a1 (1959)

(Blevin, 1996; Thompson et al, il @ cumo Mo
1999) % v

Str oxidised

-3
10 Increasing

Oxidation

Increasing
Fractionation

Au-only systems controversial.

Rb/Sr ratio

Cu-Au (& Cu): strongly oxidised, unevolved
(compositionally) magmas.

Why? Cu partitions into magmatic sulfides - buildup is
preferred in very oxidised magmas where reduced S is absent.
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lgneous Metallogenesis — Cu-Au, Cu

Modified after Thompson et al. (1999), Lang & Baker (2001)
Thompson et al. (1999) Tty e v
showed not only: e O |
« strongly oxidised,

e compositionally unevolved
magmas, but also

Continental/lsland Arc
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Continental back-arc

e primitive crust

0 Continental arc-rift

-30 - -10

relatively reduced log fO2 relatively oxidised

Cu-Au: strongly oxidised, compositionally
unevolved magmas, in primitive crustal settings
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Cu-Au intrusion-related systems - NSW.

Macquarie arc: Ordovician intraoceanic island arc
(e.g., Glen, 2005)

Fifield - Trundle 100 km
Junee - Narromine Belt

..‘/

\
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Lachlan Fold Belt Magmatism

(Blevin, 1996) i [Ordovician of
[ | [LFB most
oo b CU-Au cemo Mo | prospective for
: 1 | porphyry Cu-Au
i W-Mo sn
FeO - T |
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Lachlan Fold Belt Magmatism

F6203/
FeO

10 _ Increasing
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(Blevin, 1996)
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(From Blevin, 2006)
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Lachlan Fold Belt Magmatism

F6203/
FeO

10 _ Increasing

- oxidation
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(Blevin, 1996)
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Igneous Metallogenesis CU -Au — NoO rth Q| d

] .
2 Unevolveq  Blevin et al. (1996)
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Igneous Metallogenesis
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Igneous Metallogenesis CU'AU - North Qld

10" :
Blevin et al. (1996)

Unevolved

W-M

Str oxidised

o

Str oxidised unfract. granites

W
Sn-W

Increasing
Oxidation

Increasing
Fractionation

10° 107 10" 10" 10" 10° 10°
Rb/Sr ratio

e unevolved, strongly
oxidised granites largely
absent from north Qld

e as are significant Cu-Au
deposits
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Igneous Metallogenesis Cu-Au - New En g land
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Igneous Metallogenesis Cu-Au - New En g land
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Igneous Metallogenesis

Cu-Au - New England

Oxidised &
primitive grt
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Igneous Metallogenesis Cu-Au - New En g land
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Igneous Metallogenesis Cu-Au - New En g land
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Igneous Metallogenesis
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e Nd isotopes
o Use Sm-Nd model ages
© 601-800 to map crustal ages
O 801-1000
O 1001-1200
©  1201-1600 These show:
@ 1601 -3580

New England is more
primitive (younger)

Young crust
- | than rest of Qld.

Modified after Thompson et al. (1999), Lang & Baker (2001)
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Nd Isotopes

Use Sm-Nd model ages
to map crustal ages

These show:

New England is more
primitive (younger)
than rest of Qld.

Modified after Thompson et al. (1999), Lang & Baker (2001)
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Nd Isotopes

Use Sm-Nd model ages
to map crustal ages

These show:

New England is more
primitive (younger)
than rest of Qld.

Modified after Thompson et al. (1999), Lang & Baker (2001)
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Use Sm-Nd model ages
to map crustal ages

These show:

New England is more
primitive (younger)
than rest of Qld.

Best for Cu-Au, Cu.
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Island arcs

Accreted oceanic

arc terranes occur
within the New
England Orogen.

Calliope contains

Mt Morgan
( gan) Mt Morgan.

Devonian arc |

Modified after Thompson et al. (1999), Lang & Baker (2001)
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Eastern Australian exploration

Many E. Australia granites apparently not oxidised
or not primitive enough to fall in the porphyry
Cu-Au window

Exceptions include:
e the Ordovician of NSW,; &
« parts of the New England Fold Belt.

What about other intrusion-related gold
mineralisation?

-~ GEOSCIEN ﬁ
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‘Intrusion-related gold’ (IRG) Model

Au = Bi, W, Mo associated with intermediate to
felsic Intrusions (e.g., Lang & Baker, 2001)

Examples:

 Fort Knox, US (>200t Au),
« Kidston, Aust (~140 t),
 Timbarra, Aust,

« 7?Pogo, US (~1601)

Variety of styles

(sheeted veins, stockwork veins,

breccias, disseminated & greisens,

skarns, distal veins?)

Controversial

Digging Deeper, November, 2007

Intrusion-related Gold g

Modified after Thompson & Newberry, 2000 e : G
—v .-.;}'.. Flow dome complex ©<

%0350 disseminated & vein -

% o
qi D,
{3 78
mineralisation

Breccia g2 o
Pipes -:.;!g

\\\

o

o
. ) | Granite
' rec(;:la: cupolas &
sheeted veins contacts

o}

i<

Crm—

Dyke complex
epithermal veins

Y/Distal veins

Sheeted veins

Skarn
replacement

Deep flat
veins
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Intrusion-related Gold

Timbarra Type

e Au disseminated In
granite

* looks like a Sn system

|  |ooks like intrusion-
5 ﬁ@ﬁlﬂﬂs related deposit

:

e <1/2 million ounces Au
(sealed though)

After Mustard (2001) _ _fGE_OSC-I'EN_CE_AUSTRALIA



Australian IRGs vs por Cu-Au

10
100 b Cu-Au cu-mMo Mo
] W-Mo sn
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FeO ' |
-1 — + -
10 £ Increasing Sn—W :
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Australian IRGs vs por Cu-Au
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Australian IRGs vs por Cu-Au

Cadia/Nth Parkes/ Mt Leyshon

| Mt Morgan |
10 prommorTTm T T Strongly oxidised
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Australian IRGs vs por Cu-Au
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Intrusion-related Au vs porphyry Cu-Au

Thompson et al. (1999) identified similar end-
members, with a lithophile element-association

Modified after Thompson et al. (1999), Lang & Baker (2001)

Oxidised - chalcophile
Element Au Association

g . Strongly oxidised
£ |, : Cu-Au

® 53 E

: | weakly oxidised
e |8 AU systems

Moderately reducéd /
lithophile Element / _ _
0 Au Association Continental arc-rift

-30

relatively reduced log fO2 relatively oxidised
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Intrusion-related Au vs porphyry Cu-Au

Thompson et al. (1999) identified similar end-
members, with a lithophile element-association

Modified after Thompson et al. (1999), Lang & Baker (2001)

Oxidised - chalcophile
Element Au Association

g . Strongly oxidised
£ |, : Cu-Au
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: | weakly oxidised
e |8 AU systems

Moderately reducéd /
lithophile Element / _ _
0 Au Association Continental arc-rift

-30
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Intrusion-related Au vs porphyry Cu-Au

Thompson et al. (1999) identified similar end-
members, with a lithophile element-association

Modified after Thompson et al. (1999), Lang & Baker (2001)

Oxidised - chalcophile
Element Au Association

g . Strongly oxidised
£ |, : Cu-Au

® 53 E

: | weakly oxidised
e |8 AU systems

Moderately reducéd /
lithophile Element / _ _
0 Au Association Continental arc-rift

-30

relatively reduced log fO2 relatively oxidised
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Lachlan Fold Belt Magmatism

101 AL | LR | LR | LR RLY | LR | ! ""'"E
{ |Siluro-Devonian
_ | |granites of the
100 L Cu-AuUu Cu-Mo Lachlan F.B.
: prospective for
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North Qld Granites
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Au-rich intrusion associated systems

Red Dome
(1.3Moz) ¢ Strong similarity between

granites of southern New
— Kidston England and Georgetown-
(3.4 Moz) Chillagoe area of N Qld.

Timbarra e Why no deposits such as

(0.3 Moz) Kidston, Red Dome in
New England; and vice
versa?
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Current & Future products

 Phanerozoic Synthesis Project (07/08):

» tectonic and metallogenic synthesis of eastern
Australia. Reports, time-space plots & thematic maps
on geodynamic synthesis & metallogeny.

» granite-related metallogenesis of Eastern Australia
Report & metallogenic granite & host rock datasets.

 Geochemical analyses - Australian rocks
» available as downloadable data sets ( )

» upgrading to link to digital ‘Million scale surface

geology of Australia’

(
)
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http://www.ga.gov.au/gda/

Conclusions

e |ntrusive characteristics exert
nous Metlogenes® strong predictable control on
commodities

e Intrusion-related Au mineralisation
o covers a range of styles — Cu-Au
Increasing Fractionation and Au—only

o Eastern Australia still prospective
for intrusion-related mineralisation

 digital datasets from GA/state
surveys will facilitate the search for

these systems
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Conclusions

e Intrusive characteristics exert
strong predictable control on
commodities

 |ntrusion-related Au mineralisation
covers a range of styles — Cu-Au
and Au-only

« Eastern Australia still prospective
for intrusion-related mineralisation

 digital datasets from GA/state
surveys will facilitate the search for
these systems
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