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Australia’s Status in the Global Nickel Industry

* Austraha produces 14% (~199 000 t) of the world's nickel (~1.4 Mt
from sulphide-latenite sources, ABARE 2003); #2 after Russia (23%)

* (lobal resources of nickel metal (total production+treserves+resources from
sulphide ores) of ~12.6 Mt & 5 world-class deposits (=1 Mt Ni)

* Production from komatutic (82%), laterite (15%), tholentic mafic-
ultramafic mtrusion (3%) deposits. Resources dominated by laterite
(70%) deposits

e ~00% of Austraha’s nickel resources in WA

* Total Ni1-Co exploration expenditure in 2004/035 was up 90% to
$159 millhon (ABS 2005)
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Australia’s Status in the Global Nickel Industry –

Australia has a global resource of nickel metal from sulphide ores of ~12.6 Mt, five world-class deposits (>1 Mt Ni), and a production status of number two after Russia. Australian nickel production is dominated by Archaean komatiite deposits (82%) followed by laterite deposits (15%); both these deposit types are most abundant in the Archaean Yilgarn Craton of Western Australia. However, nickel resources are dominated by laterite deposits (70%), with komatiite deposits hosting less than 30 per cent of Australia’s total nickel resources. Mafic intrusions account for only a few per cent of nickel production and resources.



ABARE (Australian Bureau of Agricultural and Resource Economics), 2005. Australian Commodities Forecasts and Issues. Australian Bureau of Agricultural and Resource Economics, June Quarter 2005, 12, Canberra, 172 pp.

ABS (Australian Bureau of Statistics), 2005. Mineral and Petroleum Exploration Australia 8412.0, June Quarter 2005, 18 pp�


Economic Importance

Australia's Nickel Sulphide Deposits

Most deposits are associated with ultramafic and/or

mafic igneous rocks in three geotectonic settings:

t 1. Archaean komatiites in granite-greenstone belts

2. Precambrian tholeiitic mafic-ultramafic intrusions

emplaced in former rift zones in Archaean cratons

or Proterozoic orogens

3. Hydrothermal-remobilised deposits of varying ages

and settings
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Australia’s Nickel Sulphide Deposits – 

The majority of Australia’s nickel sulphide deposits are associated with ultramafic and/or mafic igneous rocks in three major geotectonic settings: (1) Archaean komatiites (Kambalda, Mt Keith, Flying Fox) emplaced in rift zones of granite-greenstone belts; (2) Precambrian tholeiitic mafic-ultramafic intrusions (Radio Hill, Sally Malay, Nebo-Babel) emplaced in rift zones of Archaean cratons and Proterozoic orogenic zones; and (3) hydrothermal-remobilised deposits (Avebury, Sherlock Bay) of different ages and no obvious tectonic settings. �
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Australia’s Status – 

Logarithmic plot of nickel grade (wt%) versus global resources of ore (production and total resources in million tonnes) for the major nickel sulphide deposits of the world. Australian deposits are shown with filled symbols and non-Australian deposits with open symbols. The grey diagonal lines show contained nickel metal in tonnes and the region enclosed by the green dashed line corresponds to the major nickel laterite deposits of the world. Source of data: Australian deposits – OZMIN 2005 (GA's database of mineral deposits and resources); non-Australian sulphide deposits – Eckstrand (1995) and Naldrett (2002); and laterite field – Elias (2002).



The grade-tonnage nickel comparisons highlight that Australia is particularly well endowed with world-class komatiite-associated deposits, but deposits hosted by mafic-ultramafic (tholeiitic) intrusions, although of similar grade, are at least two orders of magnitude smaller in tonnage relative to the largest deposits. Some komatiite-hosted deposits in the Yilgarn Craton of Western Australia also represent some of the highest grade nickel deposits in the world, e.g., Cosmos ~8% Ni.



Eckstrand, O.R., 1995. Magmatic nickel-copper-platinum group elements. In: Eckstrand, O.R., Sinclair, W.D., Thorpe, R.I. (Eds.), Geology of Canadian Mineral Deposit Types. The Geology of North America Series, Geological Society of America, vol. P-1. Geological Survey of Canada, Geology of Canada 8, 583–605.

Elias, M., 2002. Nickel laterite deposits-geological overview, resources and exploitation. In: Cooke, D.R., Pongratz, J. (Eds.), Giant Ore Deposits: Characteristics, Genesis, and Exploration. Centre for Ore Deposit Research Special Publication 4. Univ. of Tasmania, 205–220.

Naldrett, A.J., 2002. Requirements for forming giant Ni-Cu sulfide deposits. In: Cooke, D.R., Pongratz, J., (Eds.), Giant Ore Deposits: Characteristics, Genesis, and Exploration. Centre for Ore Deposit Research Special Publication 4. Univ. of Tasmania, 195–204.�
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Australian Deposits – 

Histogram comparing the global resources of nickel metal for Australia’s ten largest nickel sulphide deposits with the largest deposits from overseas. The graphs highlight the dominance of the komatiitic-nickel association in Australia, whereas the foreign deposits consist of a variety of magmatic associations. The histogram also highlights the significant nickel metal resources contained in the Noril’sk (Russia) and Sudbury (Canada) mining camps. �


Challenge 1:
Rarity of Deposit

“Relative to other deposit types, magmatic
Ni-Cu-PGE deposits are rare; in total there
are only 142* such deposits in the world that
contain more than 100 000 tonnes of resources
and/or production.”

Hulbert & Eckstrand: GSC (PDAC 2005)

*Australia has 12 of these deposits
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Challenge 1 for the nickel mining industry – Rarity of Deposit.



Hulbert, L.J., Eckstrand, R., 2005. Magmatic nickel-copper-platinum group element deposits. Abstract. Prospectors and Developers Association of Canada Annual Convention 2005, Toronto, Canada, March 6-9, 2005 (C-D Rom).�
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Challenge 2 for the nickel mining industry – Decline in Discoveries. �
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Histogram – 

Histogram summarising the discovery and mining period(s) of Australia’s nickel sulphide deposits from 1966 to 2004. Two breaks in the exploration discovery trends occur at ~1974 and possibly at 2002. Those deposits containing low grades of nickel (<0.15% Ni), or where nickel forms a minor by-product of other commodities, are not shown. Most of the deposits shown discovered after 2000 do not have published global resources of nickel metal (hence their exclusion from slide 8). Data compiled from Marston (1984), Pratt (1996), Perring and Barnes (2002), Jaques et al., (2005, in press), and Hronsky and Schodde (in press).



Hronsky, J.M.A., Schodde, R.C., (in press). Exploration history of the Yilgarn Craton: from the nickel boom to today. In: Barnes, S.J. (Ed.), Nickel sulphide deposits of the Yilgarn Craton. CSIRO Explores 3, CSIRO, Perth.

Jaques A.L., Huleatt, M.B., Ratajkoski, M., Towner, R.R., (2005, in press). Australia’s copper, nickel, lead, and zinc resources 1976–2004: exploration, discovery and potential. Resources Policy Journal. Elsevier Science Limited.

Marston, R.J., 1984. Nickel mineralization in Western Australia. Geological Survey of Western Australia, Mineral Resources Bulletin 14, 271 pp.

Perring, C., Barnes, S., 2002. Nickel. CSIRO Exploration and Mining nickel www site at www.em.csiro.au/em/commodities/nickel/index.html

Pratt, R., 1996. Australia’s nickel resources. Bureau of Resource Sciences, Canberra, 52 pp.�


Dechine in Discoveries: Why?

Discovery rates decreased, average size of new deposits
decreased, & discovery costs have risen:

» Technical/scientific barriers (deeper drilling, more

challenging terranes, regolith cover) to discovery?

+ Maturing of traditional exploration provinces?

» Change of exploration focus (brownfields to greenfields)?
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Decline in Discoveries: Why?

Possible factors for the decline in discoveries of nickel sulphide deposits since the early 1970s. �
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‘Tyranny of Cover & Depth’ - 

Distribution of exploration drill holes (left-hand diagram) in the gold-bearing Yandal Greenstone Belt (large green belt in centre of map) of the Yilgarn Craton, Western Australia. However, very few holes have drilled below 300 metres depth (right-hand diagram) indicating that there is considerable potential for finding further nickel (and gold) mineralisation at depth.

Champion de Crespigny, R., 2002. Australia: the view from downunder. Paper presented at the Prospectors and Developers Association of Canada Annual Convention 2002, Toronto, Canada, March, 2002.�


Mature Exploration Provinces?

Province Area (km?) Number of Holes/100 km?
drill holes

Musgrave Block 33 000 157 0.5
(NT component)
Litchfield 9 000 1 300 14
Arunta 94 000 16 800 18
(western & central)
Tennant Creek 3 400 645 19
(extension of Mineral Field)
McArthur Basin 30 000 465 1.5
(northeastern)

-

+ Musgrave Province (NT) is one 5
of the most under-explored Proterozoic :
provinces (1 drill hole/200 km®) ’

+ Potential for Giles Complex under cover

Data: Scrimgeour et al. 2005
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Mature Exploration Provinces? -

Most geological provinces in the Northern Territory have experienced very little exploration drilling relative to other provinces in Australia (e.g., Eastern Goldfields of Western Australia). These provinces are prospective for various commodities, such as nickel and PGEs associated with mafic-ultramafic intrusions (outcropping and under cover) of the Giles Complex in the Musgrave Block.



Scrimgeour, I.R., Edgoose, C.J., Close, D.F., Wade, B.P., 2005. The Musgrave Province – NT’s most underexplored Proterozoic terrane. Annual Geoscience Exploration Seminar (AGES) Alice Springs, 22-23 March, 2005, Abstracts. Northern Territory Geological Survey Record 2005-001.�
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Distribution of Nickel Sulphide Deposits - 

Distribution of outcropping Precambrian mafic-ultramafic rocks and sulphide-laterite nickel deposits in the western part of Australia. The locations of nickel sulphide deposits/prospects discussed in this presentation are also shown. Inset map shows the location of the Avebury nickel deposit in western Tasmania. �


Kambalda (2700 Ma):

bw,,,'m;! v Yilgarn Craton
Meekatharliar SR, P

\fu.GAHN ‘-

L1 Mafic-ultramatic intrusion
1 mafic rock

L1 uttramafic rock

: Nickel lateritic deposit
\ 2 Nickel sulphide deposit



Presenter�
Presentation Notes�
Kambalda (2700Ma): Yilgarn Craton -

Archaean komatiitic rocks in the Yilgarn Craton form north-northwest-trending, laterally extensive sinuous bodies in close spatial association with mafic rocks (dominantly basalts). Nickel sulphide deposits associated with komatiites are concentrated between Kambalda and Wiluna in the Eastern Goldfields Province, and further west in the Forrestania region of the Southern Cross Province. There is considerable potential for finding further komatiite sequences along strike from known komatiites, particularly under shallow cover. �


Photographs: Sieve Barnes (CSIRO, Perth)
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Komatiitic Rocks - 

Schematic representation of typical mineralised Archaean komatiitic sequence from the Eastern Goldfields Province of Western Australia (Hill et al., 1987). Rock types include quenched-chilled olivine spinifex textures (1) in the upper part of the ultramafic flow, olivine orthocumulate (2) and olivine adcumulate (3) zones in the lower parts of the flow, and accumulations of disseminated, matrix, and massive (4) sulphides near the basal footwall contact of the flow.



Hill, R.E.T., Gole, M.J., Barnes, S.J., 1987. Physical volcanology of komatiites. Excursion Guidebook Number 1. Geological Society of Australia, Western Australia, 74 pp.�


RECONSTRUCTED
KAMBALDA FLOW FIELD

Focussed magma flow in:
3 + compound sheet flows with
internal pathways facies
T (Kambalda)
+ dunitic compound sheet

Modified from Barnes et al. 1999; Barnes 2004 flow facies (Mt Keith)
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Reconstructed Kambalda Flow Field -

Schematic plan section of an inflationary komatiite flow showing various volcanic facies and associated Kambalda-type (massive sulphide ore at base of flow in preferred lava pathway) deposits from the Kambalda Dome, Western Australia (Barnes et al., 1999; Barnes, 2004; Lesher and Keays, 2002).



Barnes, S.J., Hill, R.E.T., Perring, C.S., Dowling, S.E., 1999. Komatiite flow fields and associated Ni-sulphide mineralisation with examples from the Yilgarn Block, Western Australia. In: Keays, R.R., Lesher, C.M., Lightfoot, P.C. (Eds.), Dynamic Processes in Magmatic Ore Deposits and their Applications in Mineral Exploration. Geological Association of Canada Short Course 13, pp. 159–194.

Barnes, S.J., 2004. Komatiite-hosted nickel sulphide deposits in Australia. Presentation at the Global Resources Assessment Workshop organised by the United States Geological Survey, Menlo Park, California, USA, November 2004.

Lesher, C.M., Keays, R.R., 2002. Komatiite-associated Ni-Cu-PGE deposits: geology, mineralogy, geochemistry, and genesis. In: Cabri, L.J. (Ed.), The Geology, Geochemistry, Mineralogy and Mineral Beneficiation of Platinum-Group Elements. Canadian Institute of Mining, Metallurgy and Petroleum, Special Volume 54, pp. 579–617.�
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Typical Mineralised Environment – Kambalda Deposits - 

Cross-section of typical mineralised komatiitic sequence (Kambalda-type) showing the concentration of massive sulphides in structural/thermal embayments along the basal contact of a channel-flow facies of a flow (Lesher and Keays, 2002; Barnes et al., 1999; Barnes, 2004).



Barnes, S.J., Hill, R.E.T., Perring, C.S., Dowling, S.E., 1999. Komatiite flow fields and associated Ni-sulphide mineralisation with examples from the Yilgarn Block, Western Australia. In: Keays, R.R., Lesher, C.M., Lightfoot, P.C. (Eds.), Dynamic Processes in Magmatic Ore Deposits and their Applications in Mineral Exploration. Geological Association of Canada Short Course 13, 159–194.

Barnes, S.J., 2004. Komatiite-hosted nickel sulphide deposits in Australia. Presentation at the Global Resources Assessment Workshop organised by the United States Geological Survey, Menlo Park, California, USA, November 2004.

Cowden A., Roberts, D.E., 1990. Komatiite hosted nickel sulphide deposits, Kambalda. In: Hughes, F.E. (Ed.), Geology of the Mineral Deposits of Australia and Papua New Guinea. Australasian Institute of Mining and Metallurgy, Melbourne, Monograph 14, 567–581.

Gresham, J.J., 1986. Depositional environments of volcanic peridotite-associated nickel sulphide deposits with special reference to the Kambalda dome. In: Friedrich, G.H., et al. (Eds.), Geology and Metallogeny of Copper Deposits. Proceedings of the Twenty-Seventh International Geological Congress, Moscow, Springer-Verlag, Berlin, 63–90.

Lesher, C.M., Keays, R.R., 2002. Komatiite-associated Ni-Cu-PGE deposits: geology, mineralogy, geochemistry, and genesis. In: Cabri, L.J. (Ed.), The Geology, Geochemistry, Mineralogy and Mineral Beneficiation of Platinum-Group Elements. Canadian Institute of Mining, Metallurgy and Petroleum, Special Volume 54, pp. 579–617.

�
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‘Unusual’ Recent Komatiite Discoveries - 

In addition to the more typical komatiite-associated nickel deposits of the Yilgarn Craton (Kambalda, Mt Keith), recent exploration at greater depths and in less traditional environments has defined an increasing number of deposits and prospects that have unusual settings and metal signatures. These include those komatiite deposits and prospects with low Ni/Cu ratios and high PGE abundances (Collurabbie, Collurabbie South, Daltons), exceptionally high nickel abundances (e.g., Cosmos, Long, Flying Fox-T5), with normal Ni/Cu ratios and high PGE abundances (Waterloo), with and others that are associated with flood basalts (Beasley). This diversity of mineralisation styles is likely to expand in the future with the increasing emphasis of exploration away from the more traditionally explored parts of the greenstone belts. �


Radio Hill Intrusion (2890 Ma): Pilbara Craton
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Radio Hill Intrusion (2890 Ma): Pilbara Craton - 

Aerial photograph looking north of the Radio Hill mafic-ultramafic intrusion, west Pilbara Craton, Western Australia. The Pilbara Craton is an elongate east-west-trending Archaean (~3.5-2.45 Ga) terrane comprising ovoid granitic batholiths separated by synclinal belts of metasediments and metavolcanics. Small to large layered mafic-ultramafic intrusions are prominent in the western part of the craton. �
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Radio Hill Intrusion (2890 Ma): Pilbara Craton -

(B–fly in geological map after Hoatson et al., (1992). The Radio Hill intrusion is a small differentiated mafic body comprising a lower thin ultramafic zone overlain by two thicker gabbroic zones. Ni-Cu-Co-PGE mineralisation occurs near the lower contact of a poorly exposed ultramafic sequence with basement metavolcanics in the northwest of the intrusion. The deposit has been intermittently mined over the last decade.



Hoatson, D.M., Wallace, D.A., Sun, S-s., Macias, L.F., Simpson, C.J., Keays, R.R., 1992. Petrology and platinum-group-element geochemistry of Archaean layered mafic-ultramafic intrusions, west Pilbara Block, Western Australia. Australian Geological Survey Organisation Bulletin 242, 320 pp.�
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Diamond Drill Hole Section Radio Hill

Diamond drill hole section of the mineralised basal contact of the Radio Hill intrusion. Concentrations of massive and disseminated Ni-Cu-Co-PGE sulphides form thin lenses in depressions along the basal contact below the thickest sequence of overlying cumulates, and in a moderately plunging feeder conduit. The concentration of massive sulphides near the confluence of the feeder with the main part of the intrusion may be attributed to a slowing down of the magma flow as it entered the chamber from the narrow conduit. The Radio Hill deposit has a very similar geological setting to the Sally Malay deposit in the Halls Creek Orogen, East Kimberleys, Western Australia, and the world-class Voisey’s Bay deposit in Canada (Hoatson et al. 1997; Hoatson and Blake 2000).



Hoatson, D.M., Sproule, R.A., Lambert, D.D., 1997. Are there Voisey’s Bay-type Ni-Cu-Co sulphide deposits in the East Kimberley of Western Australia? AGSO Research Newsletter 27, 17–19.

Hoatson, D.M., Blake, D.H. (editors), 2000. Geology and economic potential of the Palaeoproterozoic layered mafic-ultramafic intrusions in the East Kimberley, Western Australia. Australian Geological Survey Organisation Bulletin 246, 476 pp.�


Munni Munni Intrusion (2925 Ma): Pilbara Craton
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Munni Munni Intrusion (2925 Ma): Pilbara Craton - 

Interpretive block diagram of the Munni Munni layered mafic-ultramafic intrusion, west Pilbara Craton, Western Australia. The 2925 Ma intrusion, which contains the largest resource of PGEs associated with a layered intrusion in Australia, is a 5.5+-km-thick elongated mafic-ultramafic body that crops out over an area of 9 by 15 km. The southwestern extension of the intrusion is unconformably overlain by ~2770 Ma platform rocks of the Fortescue Group, but near coincident aeromagnetic and gravity highs indicate that the intrusion is 9 by 25 km in total size. The intrusion is interpreted to be a slightly asymmetric boat-like structure, plunging moderately to the south-southwest. It shares similar structural and mineralogical features to the Great Dyke of Zimbabwe and the Jimberlana Dyke of the Yilgarn Craton. 



The lower 1.85-km-thick ultramafic zone comprises macrorhythmic cycles of peridotite and pyroxenite. Dominant rock types are dunite, lherzolite, wehrlite, olivine websterite, clinopyroxenite, and websterite, with orthopyroxenite, norite, and spinel-bearing xenolithic units prominent in the upper part of the zone. The upper part of the ultramafic zone contains a distinctive 30- to 80 m-thick orthocumulate layer that is enriched in PGEs (shown as the black 'PGE-bearing websterite' layer). The dominant mafic rocks in the 3.6+-km-thick gabbroic zone are gabbronorite, leucogabbro, and magnetite gabbro. 



Hoatson, D.M., Wallace, D.A., Sun, S-s., Macias, L.F., Simpson, C.J., Keays, R.R., 1992. Petrology and platinum-group-element geochemistry of Archaean layered mafic-ultramafic intrusions, west Pilbara Block, Western Australia. Australian Geological Survey Organisation Bulletin 242, 320 pp.�
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Exploration Strategies from Munni Munni -

Trends of whole-rock ratios of chalcophile and incompatible trace elements are useful exploration tools for the delineation of stratabound PGE-enriched sulphide layers in layered mafic-ultramafic intrusions (Hoatson and Keays, 1989). Marked discontinuities in stratigraphic profiles of S, Cu, Zr, Rb, Sr, Cs, Cu/Pd, Pd/Zr, Pd/Ir, Cu/Zr, Pt/S, and mg number may indicate stratigraphic levels of new magma pulses and sulphur saturation, and mineralised layers related to magma mixing. The Munni Munni intrusion is an excellent example where stratabound PGE mineralisation directly below the ultramafic-gabbroic zone contact is defined by a marked break in Cu/Pd ratios.



Hoatson, D.M., Keays, R.R., 1989. Formation of platiniferous sulfide horizons by crystal fractionation and magma mixing in the Munni Munni layered intrusion, west Pilbara Block, Western Australia. Economic Geology, 84, 1775–1804.�


Avebury (Late Devonian): Western Tasmania
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* Unusual Late Devonian
hydrothermal deposit
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Fe-rich system

* 4 Mt @ 1.5% Ni; proposed
mining in ~2006

- Serpentinite

- Sedimentary rock

e FRUI



Presenter�
Presentation Notes�
 Avebury (Late Devonian): Western Tasmania - 

Nickel sulphide mineralisation in the Avebury nickel deposit, near Zeehan in western Tasmania, occurs along the margin of a serpentinised ultramafic body with abutting sedimentary and mafic volcanic rocks. The nickel was apparently remobilised by heat and/or fluids related to the near-by late Devonian Heemskirk Granite, or by serpentinisation of the ultramafic host rock, and redeposited in trap sites around the margins of the altered body. The mineralisation is mainly coarse-grained pentlandite and magnetite with variable, but minor pyrrhotite, pyrite, and nickel arsenides. There is little or no Au, Cu, or PGEs associated with this unusual S-poor and iron-rich mineralising system. Avebury represents a ‘new’ style of remobilised nickel mineralisation and there is potential for the discovery of further deposits in western Tasmania, and other similar terranes. �


Fertile versizs Barren Komatiitic Provinces
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*No known economic deposits LLLS: Layered lava lakessills
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Fertile Versus Barren Komatiitic Provinces - 

An analysis of the major komatiite provinces of the world reveals that the most fertile komatiite sequences are generally of late Archaean (~2700 Ma) or Palaeoproterozoic (~1900 Ma) age, have dominantly Al-undepleted (Al2O3/TiO2 = 15–25) chemical affinities, and compound sheet flows with internal pathways and dunitic compound sheet flows are considered the most favourable facies for hosting sulphides. The lava pathways in these facies assist in focusing large volumes of primitive magma flow and facilitate dynamic interaction of the magma with a potential sulphur-bearing substrate. �
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Fertile Versus Barren ‘Theoleiitic Intrusion/Provinces -

In contrast to komatiitic sequences (previous slide) where a number of criteria appear to be useful for broadly assessing their nickel prospectivity, the situation for tholeiitic mafic-ultramafic intrusions is less clear. Metal endowment is dominated by the Merensky Reef and Platreef deposits of the Bushveld Complex in South Africa, with the other significantly mineralised intrusions showing a wide range of ages extending from the Archaean to the Phanerozoic. Intracontinental rifts are the most important geodynamic settings in Archaean terranes whereas multiply deformed orogenic belts characterise both Archaean and Proterozoic terranes. Parent magmas are generally of evolved basaltic parentage, with compositions ranging from primitive high-Mg basalt (16% MgO), magnesian basalt (12% MgO), tholeiitic basalt (7% MgO), to more silica-rich variants such as boninite and siliceous high-Mg basalt. There is also no obvious correlation between mineralisation and composition of basement rock lithologies. �


Favourable Mineralising Elements:

Komatites

= Regionally extensive and primitive -
(=32% MgO; >Fog) AUDK sequences =

= ~2.7,2.9,(1.9) Ga

= Rift basins of high-crustal extension

= Thickened komatiite sequences
* Compound sheet tlows & lava pathways
=  S-source: sulphidic footwall rocks

= Trap: embayments/structural traps
along basal contacts of channel facies



Presenter�
Presentation Notes�
Favourable Mineralising Elements: Komatiitics - �


Favourable Mineralising Elements:
Tholentic Mafic Intrusions

Small to medium, massive or layered
mafic intrusions

Archaean to at least late Prot (2.9-0.8 a) i

Proterozoic mobile/collisional zones or
former rift zones of Archaean cratons

Early S saturation of magma (in conduit
by crustal contamination)

Focussed magma tlow-dynarmic systems

Preserved feeder conduit/basal contact
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Favourable Mineralising Elements: Tholeiitic Mafic Intrusions - �


Exploration Merit

Basal Ni-Cu-Co sulphides
Voisey’s Bay-type

Some economic de_Pusits (Radio
Hill, Sally Malay, “Nebo-Babel);
many foreign examples

Hosted by small to medium (<3 kin
thick) mafic-dominated intrusions;
very common in Aust

S-saturated stratigraphy; common,
since most intrusions are evolved &
crustally contaminated

Massive sulphides concentrated in
structural depressions of basal
contacts and/or in feeder conduits

Massive sulphides: strong
geophysical-geochemical signatures

vs Stratabound PGEs-Ni-Cu

Merensky Reef-type

No economic deposits (best Munni
Munni, Weld Range); lew deposits
o/s (MR, J-M Reef, Great Dvke)

Hosted by large, thick (=3 km),
differentiated layered mafic-
ultramafic intrusions; rare in Aust

Part of stratigraphy is S-
undersaturated; rare {(<3%o of 88
intrusions studied by GA)

Economic status dependent on
lateral continuity of mineralised
layvers (constant grades & widths)

Disseminated sulphides (2% yal):
weak geophysica -geuchemlgﬁggn.
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Exploration Merit –

There are several geological and economic considerations to indicate that basal Ni-Cu-Co sulphides (Voisey’s Bay-type) associated with tholeiitic mafic intrusions in Australia are more favourable exploration targets than stratabound PGEs-Ni-Cu deposits (Merensky-Reef-type) hosted by large mafic-ultramafic intrusions. �
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New Opportunities: Positive Long-Term Outlook? –

Since the early 1970s, the global demand for nickel has steadily increased from 2.8% to 4% per year. Falconbridge Limited has predicted that the growth of nickel demand will continue to increase (to 4.4% per year) for the period 2004 to 2015.



Rae, D., 2005. Nickel. Abstract. Prospectors and Developers Association of Canada Annual Convention 2005, Toronto, Canada, March 6-9, 2005 (C-D Rom).�
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Prospective Komatiities Under Cover (1) –

Interpreted extensions of potentially mineralised komatiite sequences (approximate areas indicated by red ellipses) under alluvial cover and sedimentary rocks of Proterozoic basins overlying the Yilgarn Craton, Western Australia. The distributions of the interpreted komatiite sequences are based on strike extensions of outcropping sequences and aeromagnetic trends �


‘Prospective’ Komatutes Under Cover (2) ‘
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‘Prospective’ Komatiities Under Cover (2) –

Geological map (enlarged from slide 30) of the northern part of the Norseman-Wiluna Greenstone Belt (rotated 90o anti-clockwise) in the northeast Yilgarn Craton, Western Australia. The map shows the major komatiite-associated nickel sulphide deposits and their global resources of nickel metal and ranking (#) in size relative to other Australian deposits. This particular section of the greenstones contains more than 9 Mt of nickel metal and represents the richest komatiite-hosted nickel belt in the world. The interpreted extensions of the ultramafic sequences (based on aeromagnetic trends) beneath the Proterozoic rocks north of Wiluna have considerable potential for nickel mineralisation, especially in view of the world-class metal endowment of the greenstones immediately to the south of Wiluna and the recent discovery of massive sulphides at Bodkin north of Wiluna. �
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‘Prospective’ Mafic Intrusions Under Cover – 

Vertical gradient of total magnetic intensity of the 1630 Ma Andrew Young Hills intrusion (west Arunta Region, central Australia), reduced to pole (processed by T. Meixner, Geoscience Australia). The Andrew Young Hills intrusion highlights the challenges confronting many companies exploring poorly exposed Precambrian intrusions in Australia. Outcrop coverage for this prospective sulphur-saturated mafic body is less than 10 per cent of the total intrusion (Hoatson and Stewart, 2001). Meixner and Hoatson (2003) used aeromagnetic and gravity datasets to show that the overall size and geometry of the body to be a large (13 by 22 km) south-southwest plunging synform. Interpreted structural embayments in a preserved intrusive basal contact and a feeder conduit on the northern side of the body are considered favourable potential mineralised environments for the accumulation of massive sulphides (Voisey’s Bay-type).



Hoatson, D.M., Stewart, A.J., 2001. Field investigations of Proterozoic mafic-ultramafic intrusions in the Arunta Province, central Australia. Geoscience Australia Record 2001/39, 87 pp.

Meixner, T., Hoatson, D.M., 2003. Geophysical interpretation of Proterozoic mafic-ultramafic intrusions in the Arunta Region, central Australia. Geoscience Australia Record 2003/29, 125 pp.�


Other Potential Nickel Targets

"Nornl’sk-type' N1-Cu-PGE systems: In western & northern
Austraha e.g., early Cambrnian Kalkarindj1 Flood Basalts;

Mesoproterozoic Warakurna igneous province; Fortescue Voles;

Hart-Woodward & Zamu-Oenpelli Dolerites, ?Eastern Creek Volcs

Exploration criteria:

- large flood basaltic provinces/tift environments

- major faults, magma plumbing system, feeder zones

- depletion of N1, Cu, & PGEs — S-saturated magmatic systems
- geochemical signatures (La/Sm, Nb/Th) of crustal contamimation

Phanerozoic provinces of E. Australia (Allegiance Mining, Inco, Anglo,
BHPB), e.g. hydrothermal targets (Avebury-type)
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Other Potential Nickel Targets –

Companies (AUSQUEST, 2003) operating in Australia are currently exploring for 'Noril'sk-type' nickel-copper-PGE deposits associated with major basaltic lava provinces such as those in western (e.g., late Archaean Fortescue igneous province, and Mesoproterozoic Warakurna igneous province: Wingate et al., 2004; Pirajno and Morris, 2005) and northern (Cambrian Kalkarindji Flood Basalts: Hanley and Wingate, 2000; Glass et al., 2004) Australia. Hydrothermal-remobilised nickel deposits have diverse geological settings and metal associations that reflect the different compositions of the source rocks and fluids. The unusual Avebury deposit (Howland-Rose, 2005) in western Tasmania has increased the awareness of hydrothermal-type targets in Phanerozoic provinces that were previously considered to have low prospectivity.

AUSQUEST Limited, 2003. AUSQUEST Prospectus 2003, 63 pp.



Glass, L.M., Bennett, V.C., Philips, D., 2004. A new flood basalt province from northern Australia: geochronology and petrogenesis of the Cambrian Kalkarindji low-Ti basalts. 2004 Goldschmidt Conference, Abstracts, 1.

Hanley, L.M., Wingate, M.T.D., 2000. SHRIMP zircon age for an Early Cambrian dolerite dyke: an intrusive phase of the Antrim Plateau Volcanics of northern Australia. Australian Journal of Earth Sciences 47, 1029–1040.

Howland-Rose, A.W., 2005. Avebury, Tasmania: a unique nickel deposit type. Prospectors and Developers Association of Canada Convention 2005, Toronto, Canada, March 6-9, 2005 (C-D Rom).

Pirajno, F., Morris, P., 2005. Large igneous provinces in Western Australia: implications for Ni-Cu and Platinum Group Elements (PGE) mineralization. In: Mao, J., Bierlein, F.P., (Eds.), Mineral Deposit Research: Meeting the Global Challenge. Proceedings of the Eighth Biennial SGA Meeting Beijing, China, 18–21 August 2005, Volume 2, 1049–1052.

Wingate, M.T.D., Pirajno, F., Morris, P.A., 2004. Warakurna large igneous province: A new Mesoproterozoic large igneous province in west-central Australia. Geology 32, 105–108.�


Distribution of Nickel Deposits
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Distribution of Nickel Deposits –

Schematic distribution of orthomagmatic and hydrothermal-remobilised nickel sulphide deposits associated with mafic-ultramafic and mafic intrusions.

A. Idealised tholeiitic mafic-ultramafic intrusion. Distribution of Australian deposits (normal type) include Munni Munni, Radio Hill, and Mt Sholl from the west Pilbara Craton (Hoatson et al., 1992; Hoatson and Sun, 2002), Carr Boyd Rocks from the Yilgarn Craton (Purvis et al., 1972), and Panton and Sally Malay from the Halls Creek Orogen, East Kimberleys (Hoatson and Blake, 2000). Foreign deposits (in italics: after Naldrett, 1993) include the Merensky Reef of the Bushveld Complex, South Africa; the J–M Reef of the Stillwater Complex, Montana, USA; and the MSZ (Main Sulphide Zone) of the Great Dyke, Zimbabwe. �B. Idealised tholeiitic mafic intrusion. Distribution of massive Ni-Cu-Co sulphide deposits in the feeder conduit of an idealised mafic-dominated tholeiitic intrusion at Nebo-Babel, Musgrave Block, Western Australia; and Voisey’s Bay, Canada (after Naldrett, 1997). �C. Idealised mafic-ultramafic intrusion with metagabbro component (dark green in top right corner of intrusion). Hydrothermal-remobilised deposits hosted by serpentinised ultramafic (Avebury), deformed mafic (Corkwood), metasedimentary (Sherlock Bay, Mt Martin), and igneous (Elizabeth Hill) rocks.

The large dollar sign indicates that the Radio Hill-Mt Sholl-Sally Malay and Nebo-Babel-Voisey’s Bay-type nickel deposits (i.e., those associated with tholeiitic mafic and mafic-ultramafic intrusions) are believed to offer the greatest value for the exploration dollar in Australia.



Hoatson, D.M., Blake, D.H. (editors), 2000. Geology and economic potential of the Palaeoproterozoic layered mafic-ultramafic intrusions in the East Kimberley, Western Australia. Australian Geological Survey Organisation Bulletin 246, 476 pp.

Hoatson, D.M., Sun, S-s., 2002. Archean layered mafic-ultramafic intrusions in the west Pilbara Craton, Western Australia: a synthesis of some of the oldest orthomagmatic mineralizing systems in the world. Economic Geology 97, 847–872.

Hoatson, D.M., Wallace, D.A., Sun, S-s., Macias, L.F., Simpson, C.J., Keays, R.R., 1992. Petrology and platinum-group-element geochemistry of Archaean layered mafic-ultramafic intrusions, west Pilbara Block, Western Australia. Australian Geological Survey Organisation Bulletin 242, 320 pp.

Naldrett, A.J., 1993. Models for the formation of strata-bound concentrations of platinum-group elements in layered intrusions. In: Kirkham, R.V., Sinclair, W.D., Thorpe, R.I., Duke, J.M. (Eds.), Mineral Deposit Modeling. Geological Association of Canada, Special Paper 40, 373–387.

Naldrett, A.J., 1997. Key factors in the genesis of Noril’sk, Sudbury, Jinchuan, Voisey’s Bay and other world-class Ni–Cu–PGE deposits: implications for exploration. Australian Journal of Earth Sciences 44, 283–315.

Purvis, A.C., Nesbitt, R.W., Hallberg, J.A., 1972. The geology of part of the Carr-Boyd Rocks complex, and its associated nickel mineralisation, Western Australia. Economic Geology 67, 1093–1113.�


Thank you

“Crood luck

in finding your
world-class
{(‘elephant’)
nickel deposit”

E
L

Australian Nickel Conference, Perth, 19-20% October 2005 Contact: Dean.Hoatsonig'ga.gov.au
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