II- Platinum Group Metals
Characteristics

· PGM: Pt, Pd, Rh, Ru, Ir, and Os.

· Pt occurs mainly as arsenides, sulfides and antimonides, but also as alloys with siderophile elements.

· Occurrence: Three modes: (i) at the base of layered mafic intrusions, (ii) as far as 2000 m above the base (as in the Merensky Reef, Bushveld Complex), (iii) as alloys associated with chromite in peridotites (especially in dunites, serpentinites, less commonly in pyroxenites).

· Examples: Noril’sk (Russia), Sudbury (Ontario), and Bushveld (South Africa)

Bushveld Complex:

Merensky Reef

Coarse grained (pegmatitic) pyroxenite at the base of the Merensky zone 0.3 – 0.6 m. Chromite bands 1 cm thick mark the top and bottom of the reef. Contains the minerals Sperrylite (PtAs2), Braggite (Pt,Pd,Ni)S, and Laurite (RuS2).
UG2 Chromitite layer:

150 – 300 m below the Merensky Reef; consists of bronzitite cumulates; PGM closely associated with sulfides.

Platreef:

Similar to the Merensky Reef, but much thicker (200 m with a mineralized horizon 6 – 45 m thick).

J-M Reef, Stillwater Complex, Montana
PGM occur in a layer of Troctolite cumulate rich in sulfides.

Great Dyke of Zimbabwe

Similar to the Merensky Reef

Sudbury and Noril’sk

Associated with the Fe-Cu-Ni sulfide deposits.

Origin:

Four different hypotheses:

1- Fractionated magmatic fluids enriched in PGM’s ascending under the influence of displacement by the cumulus phases (Vermaak, 1976).
2- Deposition from hydrothermal solutions (Balhaus and Stampfl, 1985).
3- Sulfide droplets pass through turbulent convecting magmas and scavenge the PGM’s from these magmas. Upon cooling, the sulfides and suspended crystals sink, giving rise to cumulate layers (Naldrett, 1989).
4- Contamination of the magma with the country rocks triggers the precipitation of sulfides and their PGM’s (Cawthorn et al., 1985).

III- Fe- Ti oxides associated with Precambrian Anorthosites, and Magnetite deposits (Fe- P) associated with Alkalic Volcanic Complexes.
A- Fe-Ti oxides associated with Precambrian Anorthosites

Mineralogy: Magnetite – ilmenite – hematite

World production: 25 – 50% of world Ti production

Age: 1.3 Ga anorthosites (Proterozoic anorthosite massifs).

Associated rocks: anorthosites and gabbroic anorthosites

Geometry: Usually concordant, irregular massive zones 100 – 1000 ft long within anorthosites (An40 – 45) that cover several thousand km2.  

Characteristics of ore body:
· Sharp contacts with fresh anorthosites

· Ore dykes have blocks of anorthosites in them

· Crystals are fractured.

Best Locations: Grenville province of Canada and Proterozoic rocks of Norway among the largest. 
Examples: Lac Tio and Allard Lake, Quebec.

Origin: 

Several stages have been suggested for the origin of these deposits:

1- Emplacement of Plag – rich mush from deep crustal or mantle levels.

2- Formation of immiscible oxide melt during final stages of Fe-enrichment of silicate melt. T of equilibration ~ 700 – 800°C. Oxide melt sinks to the floor of magma chamber.
3- Oxide melt is segregated by filter pressing, then injected into the solidified wall rock in the form of dykes (to account for the discordant bodies).
B- Magnetite – Apatite deposits in alkalic volcanic complexes (Kiruna type) 
Importance: Minor source of Fe

Mineralogy: Magnetite, apatite, Qz, and carbonate. Enriched in F, and REE.

Host rocks: Proterozoic silicic to intermediate volcanic rocks with a distinct alkalic composition; possibly rift related.
Geometry: Tabular to stratiform bodies, 100 – 500 ft thick, and 1000’s of ft in extent; Contacts with volcanics are generally conformable though sharp.

Examples: Iron Mountain and Pilot knob, MO; Kiruna, Sweden.

Origin: Three alternatives:

1- Liquid immiscibility between a silicate liquid, a phosphate one, and an oxide liquid. Molten oxide liquid is then injected into plutonics (or volcanics) through filter pressing. 
2- Hydrothermal origin similar to VMS

3- Metamorphic! (metamorphism of Fe-rich sediments concentrates Fe-oxides in bands).

