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1.0 Summary and Recommendations

Interpretation of the electron microprobe analyses from garnet, chromite and Cr-diopside grains

selected from mineral concentrates and a comparison of this data with diamond grades as

determined from mini-bulk samples, indicates:

1. The vast majority (>95%) of gamet and clinopyroxene grains have a peridotitic rather than
eclogitic parentage.

2. Although garnet populations have a dominantly lherzolitic (G9, Cr-pyrope) mineral
chemistry, between 25% (Sobolev 1973) and 30% (Gurney 1985) of garnets from mini-bulk
Sample #1 and between 5% (Sobolev 1973) and 12% (Gurney 1986) of gamets from mini-
bulk Sample #2 have a harzburgitic (G10, sub-calcic, Cr-pyrope) parentage and are
compositionally similar to sub-calcic, Cr-pyrope garnet inclusions in diamond.

3. Approximately 43% of chromite grains are compositionally similar to chromite inclusions in
diamond and chromite intergrowths with diamond.

4. Clinopyroxene grains are Cr-rich (> 1.0 wt. % Cr;O;) and classified as Cr-diopside;
interpretative plots indicate that such grains have been derived from four-phase garnet-

lherzolite xenoliths.
5. P/T arrays calculated from single clinopyroxene grains roughly define a 46 to 48 mW/m?

geotherm.

6. The P/T arréy calculated from single clinopyroxene grains from both samples extends well
into the diamond stability field. This indicates that the host kimberlites were derived from
within the diamond stability field and could have sampled potentially diamond-bearing
gamnet- and chromite-harzburgite prior to eruption and emplacement into the upper crust.
Both of these potentially diamond-bearing sources are interpreted to have been present in the
sub-continental lithospheric mantle beneath Jackson Inlet as indicated by the presence of sub-
calcic, Cr-pyrope (G10, Cr-pyrope) garnet and chromite both having compositions similar to
gamet and chromite inclusions in diamond.

7. Bulk sample #1, which has the highest diamond grade (0.28 vs 0.18 ct/t) also has the greatest
proportion of sub-calcic, Cr-pyrope gamets (G10 Cr-pyropes), interpreted to have been

derived from diamond-bearing garnet harzburgite, while the proportion of chromite grains,
2
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that are compositionally similar to chromite inclusions in diamond, is approximately equal in

both samples.

Collection of bulk samples of up to 100 tonnes in mass with concurrent studies of microdiamond
distributions and the mineral chemistry of diamond indicator minerals that yield information
regarding diamond prospectivity are recommended on the basis of the favourable mineral
chemistry reported herein. Microdiamond samples should have a mass of at least 100-kg and at

least 100 grains of garnet and chromite should be analysed in the mineral chemical study.

Graphical and mathematical models should be investigated that will provide a statistically robust
framework within which to interpret the relationship between the microdiamond distributions,

mini-bulk sample results and diamond indicator mineral results. °

Field work and follow-up laboratory studies (e.g. diamond drilling, microdiamond and diamond
indicator mineral study) should be used to determine whether the weaker diamond grade and
mineral chemical results at sample site #2 are the result of conditions at the surface of the sample

site (e.g. contamination by soil, non-representivity) or reliably reflect the diamond grade of sub-

cropping kimberlite.

LAKEFIELD RESEARCH LIMITED

Manager — Mineralogical Services

Lakefield Research Limited

November 23, 2001
Microprobe Analysis: Oleg Valeyev, Ph.D.
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2.0 Introduction
Two mini-bulk samples (Sample #1 — 1.91 t; Sample #2 — 16.1 t) of kimberlite from Twin

Mining’s Jackson Inlet project area were processed for macrodiamond content by Lakefield
Research in the period May-June, 2001 (Project # 10284). The samples yielded diamond grades
of 0.287 and 0.167 ct/t, respectively using a bottom screen-size cut-off of 1.18mm. Mineral
concentrates were produced from 10kg splits of corresponding 50kg microdiamond samples
(Project 8901-221/LIMS#MI0009-JUNO1 and MI0014-JUNO1) of each of the mini-bulk samples.
Electron microprobe analysis of selected indicator minerals were used to determine whether
mineral chemistry could be correlated with micro- and macrodiamond content, in the hope that

the forthcoming information could then be used to prioritise other targets on Twin Mining’s other

mining claims.

Mineral concentrates were produced through a combination of stage crushing, wet screening (10
and 60 mesh) and heavy liquid separation (Methylene iodide @ 3.1 g/cc). Mineral concentrates
were systematically scanned with a binocular microscope with targets of approximately 100
grains of garnet and chromite, 50 grains of ilmenite and 25 grains Cr-diopside set to ensure that

representative populations of each mineral were obtained.

Diamond indicator mineral grains were mounted in epoxy and analysed for major and minor
element contents by electron microprobe (JEOL 733 Superprobe) under standard operating
conditions (15 KeV, 20 nA operating current) using natural standards.

Mineral analyses were interpreted using industry-standard classification schemes and bi-variate
diagrams published by Gumey (1985), Sobolev (1973), Dawson and Stephens (1975),
McCandless and Gumey (1989), Schulze (1997), Fipke et al. (1995) and Nimis and Taylor

(2000).

3.0 Results
Mineral classification results are summarised in Table 1. Bi-variate classification diagrams are

given in Appendix A and corresponding electron microprobe analyses in Appendix B.
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3.1 Garnet
Approximately 100 garnets were selected from mineral concentrates produced from each mini-

bulk sample. Microprobe analyses plotted Figure 1a and 2 and summarised in Table 1 show that
the majority of garnets have a peridotitic parentage and plot along a linear trend defined by
Iherzolitic garnets (Gurney 1985, Sobolev 1973). The majority of these garnets are classified as
G9, Cr-pyrope gamets according to the classification scheme of Dawson and Stephens (1975).
Only three garnets suspected to have an eclogitic parentage were found in the mineral concentrate
produced from mini-bulk Sample #1, while none were found in sample #2. Figure 1 also shows
that a significant number of gamets (Table 1) from each sample plot with the field of sub-calcic,
Cr-pyrope garnet regardless of whether the field boundaries of Gurney (1985) or Sobolev (1973)
are used although the numbers of garnets so-classified is less using the Sobolev (1973) method.
Sub-calcic Cr-pyrope gamets have been interpreted as being derived from garnet harzburgite or

gamet dunite (Gurney 1985 and Sobolev 1973), both, potential hosts to diamond in the mantle

and therefore are of interest.

Electron microprobe analyses are plotted according to gamet group membership, based on
Dawson and Stephens’ (1975) classification-method, in Figures 1b and lc and the data are
summarised in Table 1. Examination of figures and table show that the vast majority of garnets
belong to Dawson and Stephens (1975) Group 9 which are interpreted as having a lherzolitic
parentage in accord with conclusions using the Gurney (1985) and Sobolev (1973) plotting
methods. On Figure 1b and 1c, the majority of these grains plot within the Iherzolitic field as
defined by Gumey (1985) and Sobolev (1973) however, a significant number of Group 9 garnets
(and Group 11 and 12) also plot in Gumey’s (1985) harzburgitic field, and less so, Sobolev’s
(1973) harzburgitic field. This discrepancy results from:

e The small number of grains originally used to formulate Dawson and Stephens’ (1975)

classification method.

e The CaO vs Cr;O; plot is a two dimensional representation of at least six dimensional

compositional space.
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The mineral concentrate produced from mini-bulk sample #1 contained garnets belonging to
Dawson and Stephens’ (1975) Group 1, Group 3, Group 5, Group 9, Group 10, Group- 11 and
Group 12. Sample #2 contained a compositionally less diverse suite and included garnets
belonging only to Group 1, Group 9, Group 10 and Group 11. Group 10 was established on the
basis of peridotitic garnet inclusions in diamond while Group 3 was established on the basis of

eclogitic garnet inclusions in diamond and eclogitic gamet in diamondiferous eclogite xenoliths.

Significantly, garnet megacrysts are essentially absent from the garnet population in both
samples. This observation is in accord with the general lack of megacrystic ilmenite and Cr-

diopside (see below) in the Jackson Inlet kimberlite samples examined to date.

Data summarised in Table 1 shows that both mineral concentrates produced from both mini-bulk
samples contain significant numbers of sub-calcic Cr-pyrope garnets as well as various
Iherzolitic, megacrystic and eclogitic types. Sub-calcic, Cr-pyrope has been interpreted to have
been derived from garnet-harzburgite and garnet-dunite xenoliths, which were erupted from the
mantle and disaggregated during ascent and emplacement by mantle-derived magmas into the
upper crust. Garnet-harzburgite and gamet-dunite xenoliths are potentially diamond-bearing rock

types in the mantle so the presence of sub-calcic Cr-pyrope garnets is a positive indicator of

diamond prospectivity.

Table 1 shows that eclogitic gamet is rare to absent in concentrates from both samples,
concentrates from Sample #1 having three grains compared to zero in Sample #2. McCandless
and Gurney (1989) and Dawson and Stephens’ (1975) classification methods indicate that only a
single garnet from Sample #1 is compositionally similar to eclogitic garnet associated with
diamondiferous environments in the mantle. The garnet interpreted to have an eclogitic parentage

that has a high FeO content (23.5 %) may, instead, have a crustal parentage (Schulze 1997).
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3.2 Chromite

Figure 3 and data summarised in Table 1 show that approximately 43% of the chromite grains in
both samples are compositionally similar to chromite inclusions and chromite intergrowths with
diamond (Fipke et al. 1995). The remaining chromite grains plot along compositional trends
established for spinel group minerals which have crystallised in a variety of mantle-derived,

alkaline, ultrabasic rocks, including, but not exclusively, kimberlite (Mitchell 1986).

The compositional similarity of these chromite grains to chromite inclusions and chromite
intergrowths with diamond is a positive indicator of diamond prospectivity and the compositional
similarity with chromite from chromite-harzburgite xenoliths indicates a genetic link with this

potentially diamondiferous, mantle-derived rock type.

3.3 Ilmenite

A single ilmenite grain was recovered from the mineral concentrates. The grain had a low MgO
(<0.5 wt. %) and Cr,0; (<0.05 wt. %) content and is interpreted to have a crustal parentage. This

grain is not included in any of the attached tables and its composition has not been plotted on any

interpretative plots.

The lack of ilmenite, which generally is regarded as a megacryst phase, accords with the lack of
other megacrystic minerals, such as Ti-garnet and sub-calcic, Cr-diopside and does not have any

impact on the use of mineral chemistry otherwise to determine diamond prospectivity in the

Jackson Inlet kimberlites.

3.4 Cr-diopside

Cr-diopside compositions plotted on Figure 4 (Ramsay and Tompkins 1994) all fall within the

field of clinopyroxene derived from garnet Iherzolite xenoliths.
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Pressures and temperatures were calculated from electron microprobe analyses of single
clinopyroxene grains using the method of Nimis and Taylor (2000). Data are plotted on Figure 5
together with reference curves for the diamond-graphite invariant (Kennedy and Kennedy 1976)

and various geotherms (Pollack and Chapman 1977).

Calculated pressures and temperatures for grains from both mini-bulks samples form a P/T array
that roughly corresponding to a 46-48 mW/m’ geotherm (Pollack and Chapman 1977).
Significantly, about 65% of each population of Cr-diopsides fall on the high-pressure side of the
boundary between the graphite and diamond stability field indicating that the host intrusives to
mini-bulk Samples #1 and #2 was derived from within the diamond stability field.

3.0 Correlation between Diamond Grade, Microdiamond Distribution and Mineral

Chemistry

Examination of diamond and mineral chemistry results presented in Table 1 shows that mini-
bulk sample #1, which has the highest diamond grade (0.287 vs 0.167 ct/t), also has the greatest
proportion of sub-calcic, Cr-pyrope (G10) gamnet, regardless of the method chosen to define such
grains (i.e. Sobolev vs Gurney vs Dawson and Stephens). The proportion of chromite grains that
are similar to chromite inclusions in diamond is approximately equal in both samples.
Unfortunately, the microdiamond yield from the 50-kg feed samples was too low to provide
reliable interpretative data. Larger microdiamond samples, on the order of 100-kg, are

recommended to provide data for comparative studies.
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APPENDIX A

Bi-variate Classification Diagrams
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APPENDIX B
Electron Microprobe Analyses
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