IV- Ni – Cu – Fe (± Pt) sulfide deposits in ultramafic and mafic rocks
Characteristics

· Major source of Ni

· Main producers: Canada, Australia, and Russia.

· Mode of occurrence: As layers of sulfides either at the base of komatiitic lava flows (usually in topographic depressions), within ultrabasic igneous intrusions, or within gabbroic (tholeiitic in character) layered intrusions.

· Sulfides occur as massive layers, layers with net-textures within the peridotites, and layers with disseminated sulfides. Sulfide layer often with sharp contacts with the peridotites (containing the disseminated ore).

· Age: Widespread, ranging from 2.7 Ga (Kambalada, Australia) to the Triassic Noril’sk deposits of Russia. However, half of world production is from Precambrian rocks, especially the Canadian Shield represented by the Sudbury Igneous Complex.

Types: 
Class A: Orogenic either Greenstone belts or Ophiolites

1- Major synvolcanic deposits restricted to Archean Greenstone belts, especially komatiites: either as small high grade basal accumulations of Cu-Fe-Ni sulfides in komatiite flows (with some PGM; e.g Kambalda, Australia), or as disseminated sulfides in dunite lenses and pods.
2- Deposits associated with tholeiitic suites: Basal and breccia pipe sulfide accumulations in moderate to large sized layered gabbroic complexes (e.g. Lynn Lake, Manitoba).
3- Deposits associated with mafic and ultramafic bodies emplaced during orogenesis: Disseminated sulfides in peridotites of tectonically emplaced bodies in ophiolite complexes.

Class B: Non-orogenic emplaced in cratons
4- Deposits associated with non-orogenic large layered complexes (unrelated to flood basalts): massive to disseminated sulfide enrichments at or near the basal zone contact. Examples: Sudbury, Bushveld, and Stillwater.
5- Deposits associated with intrusions accompanied by large flood basalts: Large low grade disseminated sulfides in dunites, troctolites, and olivine gabbros. Example: Duluth Complex, Minnesota.
Kambalda, Western Australia

The Sudbury Igneous Complex

Mineralogy:

Pyrrhotite, pentlandite ((Fe,Ni)8S9), minor pyrite and chalcopyrite, minor magnetite.
Initially, pyrrhotite and millerite (NiS) separate from the magma, then pentlandite exsolves out of the pyrrhotite to form fine lamellar intergrowths, or thin rims on pyrrhotite.

Origin:

1- Komatiitic magmas are thought to have been unusually sulfur rich (cf. origin of komatiites). The same magma is considered to be the source of the Cu and Ni. During the differentiation of the magma, the silicate melt becomes saturated with respect to sulfur, and begins to “exsolve” a sulfide rich liquid. This may be triggered by assimilation of wall rock material (to increase the SiO2 content of the liquid) + a drop of T. The Ni, Cu ± Pt are then scavenged from the silicate melt by the separating sulfide liquid. The sulfide liquid being heavier than the differentiating silicate melt begins to sink (and is aided by the extremely low viscosity of the komatiitic magma), and eventually segregates into a layer or zone. In order to get an economic deposit of Pt or other PGM’s, additional “processes of concentration” are required. It should be noted that the Cu/(Cu + Ni) ratio is usually low if the sulfide liquid separates early in the crystallization history of the magma (i.e. from ultramafic rocks), but increases as the magma is allowed to differentiate significantly before the sulfide liquid separates (e.g. with gabbros; see 2 below).
2- In the case of deposits associated with tholeiitic magmas, the source of sulfur is a problem. The most likely explanation is that the magma assimilated sulfur from the intruded country rocks. This is supported by (34S values in the case of the Duluth deposits. Of course, the other alternative would be that the S and sulfides were derived from a meteorite impact, a theory that has been invoked for Sudbury! Again, this is supported by the low (34S values for these deposits.
