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Komatiite-Hosted Nickel-Copper Mineralization Potential in the Eastern
 Shebandowan Greenstone Belt, Ontario, Canada

Maile J. Olson and Dr. Robert W.D. Lodge
Department of Geology - University of Wisconsin Eau Claire

Figure 3: Komatiite flows, crystallization, 
and spinifex formation.

 Komatiites are rare, ultramafic extrusive 
igneous rocks formed with a very high 
degree of partial mantle melt (30-60%) (in 
comparison, basalt forms with ~8-15%) 
that requires a hotter Archean mantle and 
greater plume activity (Sproule et al., 
2002). High volume komatiitic melts are 
favored under thickened lithosphere 
(Begg et al. 2010). Komatiites almost 
exclusively fractionally crystallize olivine 
and pyroxene that remove Ni and Cu from 
the melt. Spinifex texture - needle-like 
olivine/pyroxene - forms via quenching.
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Figure 7: Petrographic photos of thin 
sections from samples from the 
exploration trenches.

Figure 7.1 was taken with reflected 
light microscopy and it shows a  
komatiite (K) with disseminated to net-
textured mineralization of pyrite (Py) 
and chalcopyrite (Cp). This alone is 
proof of the ore-forming process.

Figures 7.2 and 7.3 were taken with 
transmitted light microscopy in plane 
polarized light. The irregular contact in 
7.2 between the spinifex textured 
komatiite has a chaotically brecciated 
chill margin. The irregularity of the 
contact and brecciation expresses that 
the fracture mechanism is not tectonic, 
but is due to hot komatiites shattering 
colder sediments. 7.3 has jigsaw 
brecciation, as well as rounded edges 
of brecciated sediment clasts from 
komatiite assimilation. It also shows a 
diffuse contact that distinctly presents 
evidence for komatiite-sediment 
mixing.

The results of this study show compelling evidence within our study area in the 
eastern part of the Shebandowan greenstone belt for thermal erosion, assimilation, 
and crustal contamination of sulfur-rich sedimentary material in the komatiites. As 
evidenced by the Shebandowan Ni-Cu mine in the western part of the belt (see 
Figure 1), this greenstone belt has the right crustal-scale architecture that favors 
formation of Ni-Cu-PGE deposits. However, being part of completely different 
locations stratigraphically and structurally, the eastern belt - our study area - has 
never been found to have produced a similar deposit. Field, petrographic, and 
geochemical data presented above prove that the deposit-scale mechanism has 
occurred to potentially form these ore bodies in the eastern part of the belt as well. 

In addition, not only has assimilation occurred, but it has also been shown via 
geochemical modeling that it has occurred prior to fractional crystallization. Since Ni 
is preferentially incorporated into olivine, this timing of assimilation is pivotal to 
produce Ni-bearing sulfide melts. Evidence for this process is critical for the formation 
of komatiite-hosted Ni-Cu-PGE deposits and expanded the exploration potential for 
these deposits in the eastern Shebandowan greenstone belt.

This study has effectively proved that the region is prospective for Ni-Cu 
magmatic sulfides using methods that do not include drilling. 

5.1 5.2

Figure 6: Contacts between komatiites and 
sedimentary rocks within the exploration 
trenches.

Figures 6.1 and 6.2 show the lighter colored 
chert being brecciated in contact with the 
darker colored komatiite flow. The chert and 
komatiite have a very chaotic and irregular 
contact zone. In some areas, the contact is 
diffuse. Other textures include variolitic glassy 
margins, truncated laminations, and rounded 
sedimentary inclusions. These textures are 
suggestive of these two rock types having 
interactions prior to lithification of the 
sediments, and of possible thermal erosion.
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Figure 4: Forming komatiite flow- and sill-
hosted magmatic sulfide deposits.  

To form a Ni-Cu-PGE sulfide deposit, 
there must be a high percentage of 
partial melt to liberate Ni and Cu from 
the melt source. The melt then needs to 
thermally erode and become 
contaminated with sulfur-bearing 
continental rocks. This will cause an 
immiscible liquid reaction between 
silicate and sulfide melts. Sulfide melts 
will gravitationally settle, accumulate 
metals from the melt, and concentrate 
into structural traps. However, these 
circumstances have to occur at the right 
time and in the right sequence to be 
successful in forming a deposit.

Figure 1: Geology of the 2.72 Ga Shebandowan Greenstone Belt, ON, Canada.
 The Archean Shebandowan Greenstone Belt in northwestern Ontario, Canada, 
spans 150 km from Thunder Bay to the Minnesota-Ontario border (Williams et al, 
1991). The belt hosts a diverse range of rock types that range from ultramafic to 
felsic volcanic and intrusive rocks, tholeiitic to alkalic magmatic affinities, and 
chemical/clastic sedimentary rocks that formed over the 70 Ma depositional 
history of the belt (Corfu & Stott, 1998; Lodge et al, 2013). The belt is best known 
for hosting the Shebandowan Ni-Cu-Platinum Group Element (PGE) sulfide mine 
located about 80 km west of Thunder Bay that operated from 1972-1997. Despite 
the belt being considered highly prospective for other Ni-Cu-PGE deposits, other 
ultramafic hosting strata in the belt has yet to yield economic mineralization.  

Figure 2: Rock types in the study area and exploration history.
Despite the complex deformation and metamorphic history of the belt, the 

rocks in the study area have remarkably well-preserved volcanic and sedimentary 
textures. Rocks here have minimal structural fabric and have experienced lower 
greenschist facies metamorphism. Rocks in the study area have preserved 
delicate sedimentary laminations, hyaloclastite breccias, and peperitic contacts 
that allow for a detailed, field-based analysis of magma-sediment interactions. 
Mineral exploration from 2000-2008 cleared trenches resulted in ideal outcrops 
that transected the komatiite-sedimentary units.

The ultramafic rocks in the area have diverse textures including massive flows, 
spinifex (Figure 2.1), equigranular cumulates, flow breccias (Figure 2.2), 
serpentinizatoin, polysuturing, and pillows. 

The metasedimentary rocks in the area range from laminated to brecciated 
argillite to chert (Figure 2.4) that locally contain pyrite (Figure 2.3) and graphite. 
Pyrite in these sedimentary units are commonly as radial to ameboid 
‘concretions’.
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Figure 5: Study area geology of the exploration trenches.
    The study area in figure 5.1 has interlayered units of komatiite and 

argillite/chert sediments which is showing, at a map scale, suggestion of some 
degree of interaction. Detailed mapping at the trench-scale (Figure 5.2) 
reveals the complexity of interaction between the interlayered komatiites and 
sedimentary rocks. Peperitic, variolitic, and brecciated contact textures are all 
observed here, which greatly suggests interaction between rock types.

Study Area

Figure 8: Geochemical diagrams showing compositional ranges of rock types 
and evidence for komatiite-sediment interactions.

       The diagrams below display the diverse composition of the komatiite samples. 
The deflection of the compositional array of komatiites toward the calc-alkalic part 
of the diagram is unusual for these magmatic suites and is likely caused by 
contamination. Similarly, 8.1 has multiple komatiite samples plotting with low MgO 
and higher Th, which is a characteristic of crustal contamination in the ultramafic 
melt.
       Figure 8.3 shows the Rare Earth Element (REE) enrichment and Ni-Cu 
relationship. Normal komatiite compositions form a relatively straight trendline with 
low REE influx. As the komatiites become contaminated with crustal materials they 
plot at higher La/Sm values, among the argillites and cherts. There is also plotting 
in the high Ni-Cu and high REE enrichment region. This is indicative of ultramafic 
assimilation of crustal materials and subsequent Ni-Cu sulfide mineralization.

Figure 10: Melt modeling diagram showing komatiite-sediment interactions.
     The cluster of komatiite data points at the low end of both axes are the end-
member komatiite composition, without crustal contamination. With fractional 
crystalization, the crystalization of olivine and pyroxne would result in minor changes 
in rare earth element ratios. But since this process follows the purely assmilation 
trend, the olivine is not crystalizing out Ni, providing the opportunity to mix with S 
and crystalize sulfides with Ni.
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