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Presenter�
Presentation Notes�
The nickel industry in Australia is currently experiencing a ‘boom phase’ with spiralling metal prices to record levels (at least US$34,750/tonne), dwindling global stockpiles, and exploration expenditures and activities near all-time highs. To assist nickel explorers, Geoscience Australia has published a new 1:3,500,000 colour map ‘A Synthesis of Australian Proterozoic Mafic-Ultramafic Magmatic Events. Part 1: Western Australia’. The map, for the first time, summarises the major known Proterozoic mafic and ultramafic magmatic events and associated mineral deposits in Western Australia. The major objective of this presentation is to promote the applications of this particular map which should be of interest to those involved in the metallogenesis of mafic-ultramafic rocks, or the study of Proterozoic provinces in Western Australia.
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Outline

* Context of Australia’s nickel sulphide industry

* Rationale & strategies of the “MUM’ Project

* ‘Proterozoic Time Walk’: Mineralised
magmatic events of Western Australia

°* Implications for nickel mineralisation

Geoscience Australia
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Outline of presentation.�
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Presentation Notes�
Distribution of outcropping Archean and Proterozoic mafic-ultramafic rocks and associated deposits and mineral occurrences (with no formal resources) in Western Australia. �
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Presentation Notes�
Histogram summarising the discovery and mining period(s) of Australia’s nickel sulphide deposits from 1966 to 2004. Those deposits containing low abundances of nickel (<0.15% Ni), or where nickel forms a minor by-product of other commodities, are not shown. Two obvious breaks in the exploration discovery trends occur at ~1974 (point B) and at ~2002 (point C). Data compiled from Marston (1984), Pratt (1996), Perring and Barnes (2002), Jaques et al. (2005), and Hoatson et al. (2006).



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



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



Perring, C., Barnes, S., 2002. Nickel. CSIRO Exploration and Mining nickel www site at 

www.em.csiro.au/em/commodities/nickel/index.html



Jaques A.L., Huleatt, M.B., Ratajkoski, M., Towner, R.R., 2005. Exploration and discovery of Australia’s copper, nickel, lead, and zinc resources 1976–2005. Resources Policy 30, 168–185.



Hoatson, D.M., Jaireth, S., Jaques, A.L., 2006. Nickel sulfide deposits in Australia: Characteristics, resources, and potential. Ore Geology Reviews 29, 177–241.
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Presentation Notes�
Histograms showing total nickel metal resources (total production plus remaining reserves and/or resources, i.e., total contained nickel metal, on the Y axis) for the major Australian (bottom graph) and overseas (top graph) nickel sulphide deposits. The deposits are ordered according to their Year of Discovery (X axis) and are colour coded according to their geological age of formation (Archean, Proterozoic, Phanerozoic). It is apparent from the Australian graph, that Archean deposits (mostly komatiite-associated) dominate, with Proterozoic deposits forming a minor component late in the evolution of the Australian nickel industry. Data from Hoatson et al. (2006).



Hoatson, D.M., Jaireth, S., Jaques, A.L., 2006. Nickel sulfide deposits in Australia: Characteristics, resources, and potential. Ore Geology Reviews 29, 177–241.
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A New Initiative by Geoscience Australia to Assist
Australian Nickel Explorers

Characterisation and Metallogenesis of
Proterozoic Mafic-UltraMatic "MUM’) Rocks

National focus:

Phase 1 (completed): Western Australia
Phase 2 (06-07): South Australia, Northern Territory
Phase 3 (07): Eastern Australia

Phase 4?: Mineral potential assessment of Aust ‘MUM’ rocks

Why the Proterozoic and initially Western Australia?

1. Abundance of high-potential mafic-ultramafic rocks that are
often poorly exposed and have received limited exploration

2. WA accounts for ~80% of the nation’s Ni-Co exploration of

$146 m & contains >95% of Australia’s Ni sulphide resources
(ABS 2006)

Geoscience Australia
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Presentation Notes�
Timeframe and strategies for the ‘MUM’ Project – Characterisation and metallogenesis of Proterozoic Mafic-Ultramafic Rocks of Australia.�


Nickel
Endowment
of Provinces

£

Informal resource
Babel: 1 Mt Ni

11.97 Mt

Total global resources of nickel metal
from sulphide ores = 12.9 Mt
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Presentation Notes�
Nickel endowment (total resources of nickel metal associated with sulphide ores) of provinces in Australia. Endowment is dominated by the Archean komatiite-hosted deposits in the Eastern Goldfields and Southern Cross Provinces of the Yilgarn Craton, with relatively minor contributions from the Pilbara Craton (Mt Sholl, Munni Munni, Radio Hill, Ruth Well, and Sherlock Bay deposits), Halls Creek Orogen (Sally Malay, Panton, and Copernicus deposits), Pine Creek Inlier (Browns polymetallic deposit), and western Tasmania (Avebury deposit). �


Methodology of “MUM’

MAGMATIC EVENTS MAP: WESTERN AUSTRALIA

e Characterisation: Province, Formation, Age, Rock Types, Bulk
Composition, Setting, Mode of Occurrence, Thickness, Country
Rocks, Deposit Types. Datasets linked by STRATNO (ARC GIS 9)

e Magmatic Event Criterion: Published, reliable (>75% U-Pb
zirc/badd) absolute age of mafic or ultramafic rock that has a
‘valid temporal context’ with surrounding rocks, structures,
deformations, etc

 Datasets: Geochron—-OZCHRON (GA), GA-GSWA bulletins, reports,
records, scientific publications, company reports, theses; Deposits—

OZMMIN (GA); Geophysics—GADDS (GA)

GSWA Base Maps: Rock Polygons—1:0.5 M Interpreted Bedrock
Geology WA Map; Province Boundaries—1:2.5 M Tectonic Units of WA ;
Dolerite Dykes—1:2.5 M Geological Map of WA

Geoscience Australia
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Presentation Notes�
Methodology used for Mafic-UltraMafic (‘MUM’) Project: attribution of data; criterion for defining magmatic event, datasets, and different base maps used from the Geological Survey of Western Australia (GSWA).�


Major Magmatic Events

- ME 15 (m): ~510 Ma
(Kalkarindji Event)

- ME 14 (m)1: ~755 Ma
(Mundine Well Event)

g VE 13 (m): ~625 Ma
(Gairdner Event)

@ ME 12 (mu): ~1070 Ma
(Warakurna Event)

- ME 11 (m): ~1210 Ma
(Marnda Moorn Event)

- ME 10 (mu): ~1300 Ma
(Fraser Event)

ME 9 (m): ~1465 Ma
(Bangemall Event)

ME 8 (m): ~1790 Ma
(Hart Event)

®

® |

ME 7 (mu): ~1860 - 1830 Ma
(Sally Malay Event)

:I ME 6 (m)1: ~1880 - 1860 Ma
(Bow River Event)

,:l ME 5 (m): ~1910 Ma
—1 (Narracoota Event)

- ME 4 (m): ~2010 Ma
(Paraburdoo Event)

- ME 3 (m): ~2210 Ma
(Turee Creek Event)

:l ME 2 (m): ~2420 Ma
(Widgiemooltha Event)

ME 1 (m): ~2450 Ma
(Weeli Wolli Event)

B undefined

ME 1 : Magmatic Event 1

m: mafic only

mu: mafic and ultramafic

Weeli Wolli Event: Informal Event name
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Presentation Notes�
Summary of Major Magmatic Events (informal names) defined in this study. The smiling face symbols indicate those Magmatic Events (ME) to be discussed in more detail in this presentation.�
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Presentation Notes�
Time-Space-Event chart of major Proterozoic magmatic events defined for this study of Western Australia. Multiple events occur within provinces (e.g., ME 1: 2450 Ma, ME 3: 2210 Ma, ME 4: 2010 Ma for Hamersley Basin), and the same ‘temporal event’ can occur in different provinces (e.g., ME 6: 1790 Ma for Paterson Orogen and Kimberley-Ashburton-Red Rock-Texas Downs-Revolver Creek Basins). �
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Presentation Notes�
New Magmatic Events colour map from Geoscience Australia – ‘A synthesis of Australian Proterozoic mafic-ultramafic magmatic events. Part 1: Western Australia’.   



* The map can be downloaded free from Geoscience Australia at: http://www.ga.gov.au/minerals/research/pubspres.jsp
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Proterozoic Time Walk:
Mineralised Magmatic Events

ME 2: Widgiemooltha Event ~2420 Ma
ME 6: Bow River Event ~1880-1860 Ma
ME 7: Sally Malay Event ~1860-1830 Ma

ME 12: Warakurna Event ~1070 Ma

Geoscience Australia
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Mineralised magmatic events to be discussed in more detail (following twelve slides).�


ME 2: Widgiemooltha Event ~2420 Ma

Province: Yilgarn Craton

Examples: Jimberlana (2411 Ma)-Binneringie (2418 Ma)-Celebration-
King of the Hills Dykes

Form: Layered & massive dykes

Rock Types: Norite, gab, ol gab, dunite, harzburg, granophyre
Size: Small to large bodies; up to 3 km thick & 650 km strike extent

Country rocks: Archean granite, greenstone

Mineralisation: Diverse: stratabound PGE-Ni-Cu; basal contact
Ni-Cu, off-set Ni-Cu, & breccia pipe Ni-Cu

Status: Prospect

Analogues: Great Dyke of Zimbabwe (2587 Ma), Munni Munni (2925
Ma), (potential for Voisey’s Bay (1333 Ma), Radio Hill (2892 Ma))

Geoscience Australia
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Salient points of the ME 2: Widgiemooltha Event ~2420 Ma.
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ME 2: Widgiemooltha Dyke Swarm (~2420 Ma)

Kalgoorlie o \:Bﬂon L
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Yilgarn Craton
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Ridge (next image)

14;

B 2420: ME 2 (mu)

Interpreted dolerite
dykes and sills

—— Province boundary

ME 2 : Magmatic Event 2
mu: mafic and ultramafic
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Presentation Notes�
The Widgiemooltha Dyke Swarm (ME 2: ~2420 Ma) in the Yilgarn Craton comprises a number of ‘coeval’ Palaeoproterozoic dykes, with the Jimberlana Dyke, Binneringie Dyke, and Celebration Dyke among the larger examples. Some of these dykes traverse Archean granite-greenstone sequences for over 650 km across the craton. The dykes generally have sub-parallel east-northeast-trending orientations that are truncated by the Albany-Fraser Orogen. A section across the Jimberlana Dyke near Bronzite Ridge is shown in the next slide.�


ME 2: Jimberlana Dyke (2411 Ma)

Transported alluvium
covers 80% of mineralised Granophyric and

Marginal Series Mafic Series

\

Ni-Cu Gossan at
Bronzite Ridge

Mafic Series

PGE-enriched stratabound %, 2 Sulphide-rich offset
sulphide layer 14 m @ = " Dykes and Breccia Pipes

0.5g/tPt+Pd [ _ 13.7 m @ 2.6% Ni, 0.8% Cu
Ultramafic

Marginal Series (hosts Series
disseminated Ni-Cu sulphides)

Granite and Greenstone county rocks
0.5 to 1.5 km

Modified from Avoca Resources Ltd Geoscience Australia
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Schematic section of the Jimberlana Dyke (2411 Ma) near Bronzite Ridge in the southeastern part of the Yilgarn Craton. The intrusion consists of a thin basal Marginal Series, that is overlain by an Ultramafic Series, a relatively thick Mafic Series, and the upper fractionated part of the intrusion comprises both a Mafic Series and a Granophyric Series. Mineralisation styles are diverse, with stratabound platinum-group elements (PGE) associated with disseminated sulphides directly below the ultramafic-mafic series contact (identical to the Munni Munni Intrusion, west Pilbara Craton; and the Great Dyke of Zimbabwe), disseminated Ni-Cu sulphides along the basal contact, and remobilised Ni-Cu sulphides in offset dykes (similar to the Sally Malay Intrusion, East Kimberleys; and Sudbury, Canada) and breccia pipes. 



The Jimberlana Dyke (and especially the S-saturated dykes belonging to the Widgiemooltha Dyke Swarm group) may have potential for concentrations of Ni-Cu sulphides (Voisey’s Bay-type) in the lower part of the intrusion, particularly near the entry point of a feeder conduit (currently undefined) with the basal part of the lopolithic body. The Jimberlana Dyke is also similar to the Great Dyke of Zimbabwe (mined for PGEs, Cr) in its elongated lopolithic shape, total thickness of 2 to 3 km, aspect ratio of strike length to width, stratigraphic successions, stratabound PGE-bearing sulphides directly below major compositional interface in intrusion, and PGE-Cu enrichment-depletion trends near these stratabound mineralised layers. Figure is modified from Avoca Resources Limited (2005).�


ME 6: Bow River Event ~1880-1860 Ma

Province: Halls Creek Orogen

Examples: Tickalara Metamorphics; Biscay Fm; Bow River-
Norton-?Corkwood-?Keller CKk Intrusions

Form: Sill, dyke, massive intrusion, lava

Rock Types: Mafic granulite, amphibolite, metagabbro, basalt
Country rocks: Proterozoic pelite, psammite, migmatite, granite
Size: Small to medium bodies; up to 1 km thick

Mineralisation: Basal contact and remobilised Ni-Cu

Status: Prospects

Analogues: Metamorphosed variant of Radio Hill (2892 Ma),
Sally Malay (1844 Ma), Voisey’s Bay (1333 Ma)

Geoscience Australia



Presenter�
Presentation Notes�
Salient points of the ME 6: Bow River Event ~1880–1860 Ma.
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ME 6: Bow River Event ~1880-1860 Ma

' - > g
Kimberley Bow River i
Basin

Ages and Events
B 1790: ME 8 (m)
B 1830: ME 7 (mu)

|| 1840 - 1845: ME 7 (mu)
|| 1855- 1857: ME 7 (mu)
|| 1880: ME 6 (m)
W 1907: ME 5 (m)
| 1912: ME 5 (m)

—— Province boundary

ME 5 : Magmatic Event 5
m: mafic only
mu: mafic and ultramafic

Geoscience Australia



Presenter�
Presentation Notes�
Geochronological ages and major magmatic events for mafic and ultramafic rocks in the Halls Creek Orogen, King Leopold Orogen, and Kimberley Basin. Details of geochronological data can be found in Table 3 of Hoatson et al. (2006).



Hoatson, D.M., Jaireth, S., Jaques, A.L., 2006. Nickel sulfide deposits in Australia: Characteristics, resources, and potential. Ore Geology Reviews 29, 177–241.�


=
ME 7: Sally Malay Event ~1860-1830 Ma

Provinces: Halls Creek Orogen; Victoria River Basin; ?King
Leopold Orogen

Examples: Sally Malay (1844 Ma)-Panton (1855 Ma)-Springvale (1856
Ma) Intrusions; Woodward Dolerite; Koongie Park Fm (1843 Ma)

Form: Layered mafictultramafic intrusion, sill, dyke, lava
Rock Types: Gab, ol gab, troctolite, anorthosite, perid, dunite, chr

Country rocks: Proterozoic pelite, psammite, migmatite, amphib
Size: Small to medium bodies; up to 2.5 km thick

Mineralisation: Basal contact Ni-Cu-Co; stratabound PGE-Ni-Cr
Status: Mine, prospects

Analogues: Voisey’s Bay (1333 Ma), Radio Hill (2892 Ma), UG-2 (2060
Ma)

Geoscience Australia
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Salient points of the ME 7: Sally Malay Event ~1860–1830 Ma.
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ME 7: Sally Malay Intrusion (1845 Ma)

- Leucogranite
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Geological map of the mineralised Sally Malay mafic-ultramafic intrusion, East Kimberley, Western Australia. This multi-chambered intrusion consists of a primitive arcuate feeder conduit zone (A) with overlying, more evolved, ovoid-shaped chambers (B, C, and D). Massive and disseminated Ni-Cu-Co sulphides are concentrated at the basal contact of the interpreted feeder zone. The rock types and geometry of the feeder conduit with associated chambers show similarities with the Voisey’s Bay Ni-Cu deposit in Canada.�


Remobilised Qe Microgabbro dyke
— sulphides in 293\ Younging / ’“'
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ﬁ Marginal gabbroic rocks
and massive sulphides

« Massive sulphides
accumulate in lowest part of
stratigraphy beneath thickest
sequence of cumulates

* Embayments along basal
contact/feeder conduit
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Schematic diagram of megacyclic units and different mineralisation styles in subchamber A (interpreted feeder conduit) of the Sally Malay intrusion. Massive sulphides are concentrated in the basal keel of the chamber and are hosted by thin marginal gabbroic rocks to an overlying cyclic sequence comprising peridotite, troctolite, gabbro, and anorthosite. Some sulphides are remobilised in country rocks. Modified after Thornett (1981). Other smaller images show proposed stoping areas (looking northwest) down steeply plunging ore bodies (June 2002), and aerial view of open pit (April 2004). Both images: Sally Malay Mining Ltd and Data Metallogenica.



Thornett, J.R., 1981. The Sally Malay deposit: gabbroid associated nickel-copper sulfide mineralization in the Halls Creek Mobile Zone, Western Australia. Economic Geology 76, 1565–1580.�


ME 12: Warakurna Event ~1070 Ma

Provinces: Collier-Edmund-Hamersley-Earaheedy Basins;
Musgrave Orogen

Examples: Giles Complex (1078 Ma); Bangemall dolerites (1070
Ma); Glenayle Dolerite (1066 Ma); Prenti Dolerite (1050 Ma)
Form: Sill, dyke, plug, layered mafictultramafic intrusion
Rock Types: Dolerite, gab, granophyre, troct, perid, dun, pyrox

Country rocks: Shale, sandst, chert; granulite, migmatite, gneiss

Size: Small to large bodies; dykes up to 0.8 km thick; Giles
intrusions up to 8 km thick
Mineralisation: Basal contact Ni-Cu-Co; stratabound PGE-Ti

Status: Prospects
Analogues: Voisey’s Bay (1333 Ma); Noril’sk (251 Ma)

Geoscience Australia
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Salient points of the ME 12: Warakurna Event ~1070 Ma.�
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Geochronological ages and major magmatic events for mafic and ultramafic rocks in the Pilbara Craton, Paterson Orogen, Hamersley Basin, Gascoyne Complex, Edmund Basin, Collier Basin, Earaheedy Basin. Details of most geochronological data can be found in Table 3 of Hoatson et al. (2006).



Hoatson, D.M., Jaireth, S., Jaques, A.L., 2006. Nickel sulfide deposits in Australia: Characteristics, resources, and potential. Ore Geology Reviews 29, 177–241.
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Geochronological ages and major magmatic events for mafic and ultramafic rocks in the Musgrave Orogen, and Officer Basin. Details of geochronological data can be found in Table 3 of Hoatson et al. (2006). The distribution of gabbroic intrusions under cover is from D’Ercole & Lockwood (2004). The age(s) of the covered intrusions in the Officer Basin are unknown, but they may be ~510 Ma (Kalkarindji Event), ~825 Ma (Gairdner Event), ~1070 Ma (Warakurna Event), or of another undefined age/Event.



D’Ercole, C., Lockwood, A.M., 2004. The tectonic history of the Waigen area, western Officer Basin, interpreted from geophysical data. Western Australia Geological Survey. Annual Review 2003-04, Technical Paper, 71–80.



Hoatson, D.M., Jaireth, S., Jaques, A.L., 2006. Nickel sulfide deposits in Australia: Characteristics, resources, and potential. Ore Geology Reviews 29, 177–241.
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Large Igneous Provinces (LIPS)
Large volumes of coeval mafic
magmas (giant dyke swarms, flood
basalt-sill provinces, layered
intrusions); mantle-plume origin

B -510 Ma Kalkarindji (ME 15)

~1070 Ma Warakurna (ME 12)

Kalkarindji

510 Ma

" ~1210 Ma Marnda Moorn (ME 11)

Warakurna | ~1790 Ma Hart - Carson (ME 8)
1070 Ma

—— Province boundary
ME 8 : Magmatic Event 8

\\ Marnda Moorn

Perthy  1210Ma /.
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Spatial distribution of Large Igneous Provinces (LIPs) in Western Australia. These magmatic provinces are characterised by large volumes of coeval magmatism (generally of mafic composition) that covered extensive areas of the state at various times during the Proterozoic. The magmatism is generally associated with mantle-plume activities and takes the form of continental flood basalts, giant swarms of dolerite dykes and sills that may be feeders to the basalts, and massive and layered mafic and mafic-ultramafic intrusions.



The Kalkarindji LIP is modified after Glass & Phillips (2006), the Warakurna LIP is modified after Wingate et al. (2004), and the Marnda Moorn LIP is modified after Wingate & Pidgeon (2005).



Glass, L.M., Phillips, D., 2006. The Kalkarindji continental flood basalt province: A new Cambrian large igneous province in Australia with possible links for faunal extinctions. Geology 34, 461–464.



Wingate, M.T.D., Pidgeon, R.T., 2005. The Marnda Moorn LIP, a late Mesoproterozoic large igneous province in the Yilgarn craton, Western Australia. July 2005 LIP of the Month (unpub). Large Igneous Provinces Commission, International Association of Volcanology and Chemistry of the Earth’s Interior, 6 pp.  http://www.largeigneousprovinces.org/05july.html



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.�
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Time-nickel sulphide metallogenic event plot showing approximate ages and relative sizes of nickel sulphide deposits and nickel sulphide camps/provinces in the world. The Proterozoic time period contains several basal nickel-copper sulphide deposits, but the komatiite association is restricted to the ~1880 Ma–1920 Ma period and also more prominently, for Australian deposits, in the Archean around ~2700 Ma and ~2900–3000 Ma. The concentration of different types of nickel deposits forming during a particular geological period defines three major global nickel metallogenic events at ~1840 Ma to 2060 Ma, ~2690 Ma to 2705 Ma, and ~2875 Ma to 3000 Ma. The major mineralised magmatic events from this study (indicated by blue numbers at right) appear to correlate in time with global superplume events. The geological periods of the major superplume events are from Abbott and Isley (2002). 



Abbott, D.H., Isley, A.E., 2002. The intensity, occurrence, and duration of superplume events and eras over geological time. Journal of Geodynamics 34, 265–307.�


(1) Tholeiitic and Hydrothermal Mineralising Systems
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Schematic distribution of nickel sulphide deposits associated with orthomagmatic tholeiitic (A and B) and hydrothermal-remobilised mineralising systems (C). The different styles of orthomagmatic and hydrothermal deposits associated with the Proterozoic Magmatic Events (ME) defined in this study are also shown in blue boxes.

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.



Diagram modified from: Hoatson, D.M., Jaireth, S., Jaques, A.L., 2006. Nickel sulfide deposits in Australia: Characteristics, resources, and potential. Ore Geology Reviews 29, 177–241.



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.
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(2) Noril’sk-type Mineralising Systems-LIPS
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Schematic section through typical mineralised Noril’sk-Talnakh-type intrusions, Russia. Many deposits associated with these shallow-level ‘mafic’ intrusions collectively contain large resources of nickel, copper and platinum-group elements. Proterozoic Magmatic Events (shown in the blue box) associated with Large Igneous Provinces, in particular, may have potential for Noril’sk-type mineralisation.



Images from: Lightfoot, P.C., Naldrett, A.J., and Data Metallogenica.�


Preliminary Findings from ‘MUM’:
Implications for Exploration (1)

Fifteen major Proterozoic magmatic events recognised in WA;
tholeiitic mafic>>ultramafic; komatiitic systems are absent

Multiple events within province (Hamersley Basin), and same

event in different provinces (ME 6: 1790 Ma-Paterson Orogen,
Kimberley-Ashburton-Red Rock-Texas Downs-Revolver Ck Basins)

Five major regional thermal events (LIP systems) over
extensive areas >1x10¢ km?:
~1790 Ma — Kimberley Basin (Hart-Carson LIP)

~1465 Ma — Edmund Basin

~1210 Ma - Yilgarn Craton (Marnda Moorn LIP)

~1070 Ma — Edmund-Collier Basins & Musgrave (Warakurna LIP)
~510 Ma — Ord-Officer Basins (Kalkarindji LIP)

Mineralised magmatic events correlate with superplumes?

Geoscience Australia
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Preliminary findings (1) from the ‘MUM’ study – ‘A synthesis of Australian Proterozoic mafic-ultramafic magmatic events. Part 1: Western Australia’.

�


Preliminary Findings from ‘MUM’:
Implications for Exploration (2)

 Highest potential - tholeiitic mafic mineralising systems:

1. Basal Ni-Cu-Co sulphides (Voisey’s Bay-Sally Malay-Nebo-type)

Proterozoic orogenic belts contain many under-
explored S-saturated mafic intrusions; determine pre-
deformational geometries & younging directions to locate
favourable mineralised environments, e.g., structural irregularities
in basal contacts & entry locations of feeder conduits

2. Flood basalt-associated Ni-Cu-PGE sulphides (Noril’sk-type)

LIPS (1790-510 Ma) cover >60% of WA; define
localised feeder systems, magma flow dynamics, crustal source of
S, significance of crustal contamination (Ni-Cu-PGE signatures, etc)

Other: Stratabound PGE-Cr-Ni; hydrothermal-remobilised Ni-Cu-Pd
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Preliminary findings (2) from the ‘MUM’ study – ‘A synthesis of Australian Proterozoic mafic-ultramafic magmatic events. Part 1: Western Australia’.�
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OREGEOLOGY REVIEWS REVIEWS

Journal ke Compachenive Sodesof

geswse= | ‘Hot off the Press’ (

The official journal of the
International Association
on the Genesis of
Ore Deposits (IAGOD)

‘Nickel sulfide deposits in Australia:

Characteristics, resources, and potential’
by Dean Hoatson, Subhash Jaireth, Lynton Jaques

Ore Geology Reviews Vol 29 (October issue), No 3/4, 177-241

Comprehensive review summarising the diverse
settings & resources of Australia’s nickel sulphide deposits &

addresses the question ‘what makes magmatic systems fertile?’
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Details of review publication in Ore Geology Reviews summarising the diverse settings & resources of Australia’s nickel sulphide deposits.�


Soaring nickel prices, depleting stocks, and the
challenges of finding the ‘big-one’; come and visit
Geoscience Australia’s booth #10 and web site.

Nickel Stocks (t) -~

December January February  March April May June July August Seplember
2005 2006 2006 2006 2006 2006 2006 2006 2006 2006

* Thank you

Contact: Dean.Hoatson@ga.gov.au; 02 6249 9593
Free GA products to assist nickel explorers at:
http://www.ga.gov.au/minerals/research/pubspres.jsp

Geoscience Australia
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Concluding message and contacts.�
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