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Canada Exploration Ltd. for the purposes of undertaking statistical modeling
to distinguish individual phases, and for examining the suitability of using a
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(Figures 10, 11). Of importance is the recognition that the factory-calibrated
instrument may provide the correct value for any individual element (e.g.
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geochemical data utilized for the three phase kimberlite statistical model = jiﬁﬁi! 51 that the data quality for Cr in 'Soil Mode' is better than the data from 'Mining

consisted of 189 whole-rock geochemical analyses (U1VK =78; U2VK =75,
U3VK = 36). For analysed elements in the training data set in which the
concentration was below detection (b.d.), the concentration was arbitrarily
set to one-half of the detection limit.

Mode' with respect to degree of scatter and closeness of fit to the real (whole
rock geochemistry) data. This is also observed in the data for Al, comparing
the kimberlite-calibrated versus factory-calibrated instrument, with the latter
exhibiting a significant degree of scatter as compared to the whole rock
geochemical data.
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Figure 3. Analysis of variance F-
values for 22 elements used to
discriminate between the three
kimberlite phases (U1VK, U2VK,
U3VK), whole rock data.
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Figure 10. Boxplots of elements determined from the portable XRF
analyzerin Mining Mode for the Whiskey kimberlite phases.

Figure 11. Boxplots of elements determined from the portable XRF analyzer
in Soil Mode for the Whiskey kimberlite phases.

Data Analysis and Statistical Methods Three highly discriminating elements from the analysis of variance for the

Major element oxide data was converted to cation% and then to ppm. SRR R RN ok o ' | | 'Mining Mode' and 'Soil Mode' were chosen to undertake a Principal
Subsequently, the entire database was transformed by taking the log of the e [ _ Component Analysis (PCA). There is a slight overlap between kimberlite
data normalized to bulk silicate Earth (pyrolite; McDonough and Sun, 1998). : % - L d hase U2VK and U3VK on the PC1 versus PC2 plot from the 'Mining Mode'
Based on an analysis of variance (Figure 3) for 44 analysed elements, a suite Sl 4 i § i - Sata (Figure 16 Ti, Nb, with K instead of Zr). IIDn contrast, there Si;’s good
of 22 elements were selected for statistical treatment, with Al, Ta and Zr TV TP — % ' _:f’ ' % _ separation between all three kimberlite phases (U1VK, U2VK, and U3VK) on
having the greatest discriminating power, and U, Ca and Na the least RQPCA - log(normalized with pyrolite) z o g oo |- : the PC1 versus PC2 plot from the 'Soil Mode' data (Figure 17; Ti, Cr, Zr).
discriminating power. A principal component analysis (PCA) using the : S - " = bk i : '
method outlined by Zhou et al., (1983) was applied to the log pyrolite- i o Mg J g 3
normalized data (for 22 elements). Ordered eigenvalues derived from the s | & E =1,"’_ B, 00 - :
PCA are shown in Figure 4 as a screeplot of these ordered eigenvalues and C = - 5 s @ Conclusions
their corresponding significance for the Whiskey dataset. The first three 57 - \ 0 | o 50 - v .
eigenvalues account.for thg maijority (71%) of the variance of data. Figure 5 m: 1\ - V Cr j o ] =l i The use of rock powders for analysis by pXRF provides acceptable results
shows a plot of the Iflmberllt_e pha_ses plotted on to the PC1-PC2 axes. The 1N oS 7 Co i that can be utilized for statistical treatment to discriminate individual phases
plot shows the relative relationships of the groups to the elements. Group _ g - - || RIS IR AR AR A AR || RS R AR AR AR within the Whiskey kimberlite. The ability of the Niton XL3t GOLDD handheld
U3V!< h_as a relat!ve Increase in P,.Mg, and Si, whereas group U2VK shov_va S A A ™ 0 50 100 150 200 0 250 500 750 1000 XRF spectrometer to analyze for light elements (Si, Al, Mg) is seen as a
relative increase in Co, V, Ni, Fe, Ti, La, and Al. Group U1VK shows a relative Eigenvalue Number 2] - Ce Cu ppm (whole rock) Sr ppm (whole rock) significant advantage for classifying phases within the Whiskey kimberlite
increase in the abundances of Yb’ Ta’ Ga’ Cr’ and Ce. From the fl,gur_e’ IJ_( & Yb Figure 12. Plot of Cu determined by fusion/acid digestion Figure 13. Plot of Sr determined by fusion/acid digestion and ('-e- A|, Mg; Kjarsgaard and GrunSkYa 2008_) a_nd the Star klm_ber“te ('-e- Sl,
would appear that Group U3VK has a compon_ent of Crus_tal c_:ontamlnatlon, Figure 4. Screeplot of the eigenvalues o |E00 Ba and ICP analysis in the laboratory against Cu determined by ICP analysis in the laboratory against Sr determined by Mg, Al; Grunsky and Kjarsgaard, 2008). It is important to re-iterate that for
%T\L/J& rL112VK hlast_a c(cj)mpl)otnent 1(:):; n;r?ntle ?ateréal Cor:talmlnatlon, atnd group gﬁ;al;r;(ie: Wl;]rglrgroikg;ltr;mpal component 5 i Ta gﬁ;tggée XRF in Mining Mode for the Whiskey kimberlite gﬁ;tggée XRF in Mining Mode for the Whiskey kimberlite any individual kimberlite body, the suite of elements that have high
as arelative depletion of both mantle and crustal components. : - | T — T ' ' iscriminati

Based on the sell\éctiorﬁ) ofl22 elements, a linear dlijscriminarﬁ)t analysis was ilis Be EED hel Wioas X LG Ses STOR 60 T ATINENG [PONET €0 STEEE, 9T & HEme el S e e e
carried out using a method of cross val’idation to ensure robustnegs of the = analyze rr;olr ev\o/f t? ertﬂlagnots tl(f(hdlf c;rlrplnatlng_ elg rEenthg;-ll uItlmta ey ’E) y

. g . . - . . . . . .. Analysis of Variance F-value for Whiskey pXRF Soil Mode [cir] more use u . e u er no e a a a aCCIU"'e y p SpeC rome ry
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, meaningful data from rocks in both '‘Mining Mode' or 'Soil Mode', or a
investigate the evaluation of a portable hand-held XRF spectrometer as a o | Rb combined element suite, from both analytical modes.
tool for discriminating different kimberlite phases. Table 1 T ' e
Linear Discrminant Classification Sr o m\ﬁ\sﬁ\rvm\?h_ea_eo
Whiskey Kimberlite -pyrolite normalized ° Mg
Predicted

Preliminary analysis with Innov-X and Niton pXRF analyzer g UM ek uave
Preliminary analysis, in 2008, was undertaken on both coarse crush and v 0 B4 2

powders utilizing an Innov-X hand held analyzer at the GSC. Results via
handheld spectrometry on coarse crush were unsatisfactory as compared to
the whole rock geochemical data and this method of analysis was
discontinued. The authors are of the opinion that this type of analysis will not
provide meaningful results useful for exploration or mining applications.
Analytical results on powders with the Innov-X pXRF were significantly
better, however, the inability to analyze light elements (Si, Al, Mg, P) and high
detection limits on other elements of interest as defined by analysis of
variance on the Whiskey data set (Kjarsgaard and Grunsky, 2008) prompted
tests with a newer model Niton XL3t GOLDD handheld XRF spectrometer
(pXRF). The results from the coarse crush again proved unsatisfactory. The
Niton instrument was calibrated for kimberlite analysis. Results of statistical
treatment of the pXRF data, on powders, are shownin Figures7,8and 9.

Figure 14. Analysis of variance F-values for 14 elements used to discriminate Figure 15. Analysis of variance F-values for 14 elements used to discriminate
between the three kimberlite phases (U1VK, U2VK, U3VK) for the pXRF in between the three kimberlite phases (U1VK, U2VK, U3VK) for the pXRF in Soil
Mining Mode. Mode.

Percentage Classification
Predicted
U1vk U2vk U3vk
U1vk 100 0 0
U2vk 0 100 0
U3vk 2.73 0 97.73

Figure 6. Plot of the first two linear discriminants for the Whiskey
kimberlite data, whole rock data.
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Figure 8. Analysis of variance F-values for 12 elements used to
discriminate between the three kimberlite phases (U1VK, U2VK,
U3VK), calibrated Niton pXRF data.

Figure 9. Plot of the first two linear
discriminants based on 4 elements (Al, Ti,
Cu and Nb) for the three kimberlite phases
(UTVK, U2VK, U3VK), calibrated Niton
pXRF data.

Figure 16. Biplot of the first two principal components of
the Whiskey kimberlite phases based on 3 elements for
the pXRF in Mining Mode.

Figure 17. Biplot of the first two principal components of
the Whiskey kimberlite phases based on 3 elements for
the pXRF in Soil Mode.

Figure 7. Biplot of the first two principal Figure 18. Plot of the first two linear discriminants based ~ Figure 19. Plot of the first two linear discriminants based
on 4 elements (Ti, Nb, K and Sr) for the three kimberlite ~ on 4 elements (Ti, Nb, K and Sr) for the three kimberlite
phases (U1VK, U2VK, U3VK) for the pXRF in Mining phases (U1VK, U2VK, U3VK) for the pXRF used in Soil

Mode. Mode.
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