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Appendix A.1

Kimberlite Sample Description

SAMPLE ID: S-1990
Hand samples: Consist of fist size blocks with minor surface weathering. A few pieces appear to have a preferred alignment of mica crystals. The relative proportions of olivine is quite variable between samples. These features are typical of  flow differentiation as observed in magmatic dyke rocks. The texture of the sample is not porphryritic, as is typical for kimberlite; the sample is relatively fine grained (aphanitic). The largest crystals observed in the hand samples consist of highly altered olivine (to 2 mm), which are common, but not abundant, plus mica (generally less than 0.5 mm). No apparent phlogopite macrocrysts, or megacryst suite minerals typical of kimberlite (e.g. Ti-Cr garnet, ilmenite) were observed. The sample reacts with dilute HCl, indicating the presence of calcite in the groundmass. No obvious pelletal or juvenile lapilli were observed.

Interpretation: A hypabyssal facies rock, relatively fine grained, non-porphyritic.

Petrography: Polished thin sections were prepared from three samples selected to encompass the major grain size and mineralogical variations in the sample suite. Samples were examined by transmitted light microscopy and by scanning electron microscopy (SEM). 


Olivine, completely altered to serpentine, is a common constituent, and the only apparent 'phenocryst'. Olivine macrocrysts (0.5 - 10 mm) are rare. The largest olivine crystals are about 2mm, anhedral to subhedral in habit, and very rare. Most olivine crystals are 0.5 - 1.5 mm in size, with the majority less than 0.8 mm and are subhedral to euhedral in habit. Sample B contains the most olivine (tending to microporphyritic), sample C the least (aphanitic), and sample A intermediate between these two (aphanitic).


The groundmass consists of the following phases: calcite, serpentine, atoll spinels, phlogopite, perovskite and apatite. The groundmass is dominated by calcite and serpentine, with lesser abundances of spinel, phlogopite, perovskite and apatite. The relative proportions of these phases and also the textures varies in the three samples. Sample C is oxide-rich. Sample B is apatite-rich, and also contains poikilitic phlogopite mica and rare kimberlite autoliths (to 2 mm). Phlogopite mica is zoned from pale brown cores to colorless rims, the latter indicating the rims consist of Ba-phlogopite/kinoshitalite solid solutions.  Rare ilmenite cores are observed to be overgrown by spinel.

Interpretation: The mineral assemblage, and the textural relations observed are consistent with those typical of hypabyssal facies kimberlite.

Mineral chemistry: The chemical zoning trends of spinel and phlogopite can be utilized to successfully discriminate kimberlites from other rock types (e.g. Mitchell, 1986, 1995).


EDS spectra for a typical zoned phlogopite (core and rim analyses) from sample S-1990-B  indicate that the core to rim zoning trend shows increasing Al, Ba, Mg and decreasing K, Si, Ti and  Fe i.e. Ba-phlogopite cores zoned to rims with increased kinoshitalite solid solution (and higher Mg-number). Similar core to rim zoning is also seen in the eight electron microprobe analyses (four core and four rim) provided to the author by Saminex. This phlogopite zoning trend is characteristic of kimberlite.


Spinel analyses (based on heavy mineral concentrate - this report) are dominated by titanian magnesian aluminous chromite (TIMAC). These compositions are typical of the least evolved spinels from spinel trend 1, which is diagnostic of kimberlite. Examination of groundmass spinels in polished thin sections by back scattered electron imaging coupled with EDS indicate these spinels are rich in FeOtotal, MgO and TiO2 i.e. they contain significant proportions of the magnesian ulvöspinel end-member, typical of kimberlites. All the groundmass spinels (<0.15mm) are magnesian ulvöspinel - ulvöspinel - magnetite (MUM) series spinels. Rarely, larger (to 3mm) spinels are observed in polished thin sections.  These spinels are zoned and have TIMAC cores and MUM rims. Core and rim EDS spectra for this type of spinel from sample S-1990-C indicate decreasing Cr with increasing Fetotal and Ti at constant Al. Compositions of spinel in sample S-1990 are typical of kimberlites i.e. they are from magmatic trend 1. This is also supported by concentrate data, in which there are evolved Ti-rich spinels.

Interpretation: Compositional zoning trends observed in phlogopite (Ba-phlogopite - Ba-phlogopite/kinoshitalitess) and spinel (magmatic trend 1) indicate the samples examined are bonafide Group 1 or archetypical kimberlites.

Geochemistry: Whole-rock major and trace element geochemistry was performed at XRAL and provided to the author by Saminex. The geochemistry is relatively typical for a kimberlite i.e. low Si, Al and high Mg, volatiles, Sr, Ba, Nb, Zr, La/Ybn.  However, it is somewhat unusual in that compared to many kimberlites, MgO is low (<20 wt%), and CaO and P2O5 are relatively high. These elemental abundances indicate that this kimberlite is very poor in olivine and rich in calcite i.e. it is an evolved hypabyssal kimberlite. 

Interpretation: Low compatible (olivine) element and high incompatible element signature consistent with an evolved hypabyssal kimberlite.

SYNOPSIS: Sample S-1990 is an aphanitic hypabyssal calcite serpentine kimberlite. There is a fair degree of variation in the relative proportions of the minerals present, i.e. olivine, spinel, apatite such that some of the samples examined are better termed aphanitic  hypabyssal oxide calcite kimberlite.
SAMPLE ID: 98-J-14
Hand samples: Blocks with minor surface weathering (consistent with sample being float-derived); some limited textural variations between submitted samples. The gross texture of all the samples is porphryritic, which is typical for kimberlite. The relative proportions of olivine (or serpentinized equivalent) and the olivine grain size is quite variable between samples. Very large olivine crystals (to 7 mm) are rare or uncommon; in general euhedral to subhedral 1 - 2 mm olivine crystals are the dominant phenocryst phase in this rock. Rare phlogopite phenocryst also observed (generally less than 0.5 mm). The sample reacts with dilute HCl, suggesting calcite in the groundmass. The groundmass is extremely fine grained and not resolvable. No obvious pelletal or juvenile lapilli were observed.

Interpretation: A porphyritic olivine-bearing hypabyssal facies rock.

Petrography: Polished thin sections were prepared from two samples (new) and examined with the thin sections submitted by Saminex. Samples were examined by transmitted light microscopy and briefly by scanning electron microscopy (SEM). 


Olivine (variably altered to serpentine) is a common constituent. Rounded olivine macrocrysts (3 - 7 mm) are rare to poorly abundant. Cores of these crystals contain relict olivine, with the rims altered to serpentine. Euhedral to subhedral olivine crystals (1 - 2 mm in size) are the dominant phenocryst phase. These crystals are usually completely serpentinized and, only rarely, are relict olivine cores observed. Phlogopite - Ba-phlogopite microphenocrysts (< 1 mm) are of variable abundance. Phlogopite mica with oscillatory and normal zoning was observed. These micas exhibit pale brown cores (and rims), with colourless medial zones (and/or rims); the latter indicating Ba-phlogopite/kinoshitalite solid solution composition mica.


The groundmass consists of the following phases: monticellite, calcite, serpentine, spinel, Ba-phlogopite, perovskite and apatite. The groundmass is dominated by sub-equal monticellite, calcite and serpentine, with lesser abundances of spinel, phlogopite, perovskite and apatite. The relative proportions of the groundmass phases and also their textures varies. Hence some samples have a monticellite dominated groundmass, while in others the groundmass is quite oxide (spinel)-rich. 

Interpretation: The mineral assemblage observed, and the textural relations observed are consistent with those typical of hypabyssal facies kimberlite. The occurrence of 'atoll spinels' in the groundmass is also characteristic of kimberlite.

Mineral chemistry:
Semi-quantitative ED spectra were collected from an oscillatory zoned phlogopite.  The core and rim are similar in composition, with higher Al, K, Si, Fe and lower Ba, Mg than the intermediate zone of the crystal. The medial zone of the phlogopite has increased kinoshitalite solid solution (and higher Mg-number). The mineral chemistry of the phlogopite/Ba-phlogopite examined is typical of kimberlite. Although oscillatory zoned groundmass phlogopite in kimberlite is not common, it is reported in kimberlites from Guinea and China (Mitchell, 1995).


ED spectra collected on groundmass monticellite indicate that it is Mg-rich. These crystals appear to be homogenous in composition. 


Examination of groundmass spinels in polished thin sections by back scattered electron imaging coupled with EDS indicate these spinels are rich in FeOtotal, MgO and TiO2 i.e. they contain significant proportions of the magnesian ulvöspinel end-member, typical of kimberlites. All the groundmass spinels (<0.15mm) are magnesian ulvöspinel - ulvöspinel - magnetite (MUM) series spinels. Compositions of the spinel in sample 98-J-14 are typical of kimberlite. 

Interpretation: Mineral chemistry, and compositional zoning trends observed in phlogopite (Ba-phlogopite - Ba-phlogopite/kinoshitalitess), spinel and monticellite, coupled with the observed groundmass mineral assemblage indicate the samples examined are bonafide Group 1 or archetypal kimberlite.

Geochemistry: Whole-rock major and trace element geochemistry was performed at the Saskatchewan Research Council and provided to the author by Saminex. Major element analysis by ICP (fusion); trace element analysis by multi-acid digestion ICP. The geochemistry is quite typical for a kimberlite i.e. low Si, Al and high Mg, volatiles, Sr, Ba, Nb, Zr, La/Ybn.

Interpretation: The 98-J-14 sample appears to have a geochemical signature (major and trace element)  typical of kimberlite.

SYNOPSIS: Sample 98-J-14 is a hypabyssal facies monticellite kimberlite. Variation in the relative proportions of the groundmass minerals suggests that some of the samples examined are better termed hypabyssal facies monticellite oxide kimberlite.

