Practical aspects of compositional data analysis
using regional geochemical survey data
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Canada (Figure 1). Figure 2 shows a generalized geological map and a 3 ) 4 A& ’ & K :

corresponding digital elevation model for the area. e S e T N Sb Vv )

The geology of the area is described by Corrigan et al. (2011). The Nunavut e e ] T

Melville Peninsula is located in the north-central Rea Craton of the g o .

western Churchill Province (wCP). The wCP is a collage of Figure 1. Location of the Melville Peninsula area. " Zn Cs Figure 5. Map showing the first component plotted over

polymetamorphic and polydeformed Archean cratons unconformably Ni the regional geology and digital elevation model for the
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of Canada Open File 6269 (Day et al., 2009) based on earlier studies by D D~ 4 = = sediment sample collection site. A screeplot of the eigenvalues is from glaciation.

Hornbook et al. (1978a, 1978b). Details on the sampling methodology = shown in the upper right.

and analytical protocols are documented in Open File 6269.
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analyzed using t\.NO or more r_nethpds, the el_ements were e_valuated n - sample site was coded with a geological map unit code. The data were =
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sequential balances were calculated for the ilr transform. Regardless
of the transform, the application of a linear discriminant analysis (LDA)
in R resulted in similar results. The LDA was carried out using a cross-
validation procedure of repeated sampling (20 times) to determine an
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Dealing with Censored Geochemical Data
One of the primary purposes of geochemical data analysis is the
recognition of geochemical/geological processes. Processes are
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: . . : Figure 2. Generalized geology of the Melville Peninsula area based on average accuracy of the classification, which is shown in Table 2. A .
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IR N LS y grey yielded similar results. Figure 7 shows a plot of the linear discriminant
generally do not affect the results of a process recognition investigation. dots. scores on the first two linear discriminant axes. The observations are
In the compositional data analysis framework, the problem of censored ' . ) ) .
: . : shown by colour and symbol to reflect the underlying geology Figure 6. Map showing the second principal component
data was recognized early (Aitchison, 1986). Martin-Fernandez et al. : : : oy ) .
(2003) discusses various replacement options based on the nature of the associated at each point. The figure shows three distinct groups: plotted over the regional geology. The patterns observed
censored data. Recoanizin pthe di fferenpce between missing values and 1) PHg-PS1/2-PS3-Agu that represents the sediments of the Penrhyn on this map are more representative of local bedrock
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censoring. The red points show the imputed values determined from the Bl / J VAR I, / R results of this classification are considered acceptable as a tool for
rooCompositions package with the impKNNa function (Atichison RV — — — regional remote predictive mapping in areas where the geology is less 8
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RVIEE : 1/ :/ =] used to fit the data is shown in Figure 8. The interpolated maps, by
Multivariate Association of Geochemical Data __,,,/ _../ Pl IVl | =] Imputed values for responses <LLD - kriging, are shownin.Figure 9. The patterns displayed in these images
A useful tool for process discovery in geochemical data is principal e g e ol L closely correspond with the observed geology. P
component analysis (PCA). PCA provides a summary of multi-element . j/ i £ (T —r" _
relationships in a form of linear combinations of the variables (elements) RS H ] slosmm————mr Conclusions : : e
based on measures of association (correlation). The application of the This poster summarizes the procedures used to evaluate a Figure 8. Fitted semi-variogram for

posterior probability of lithology Agd.

logcentred (clr) transform to geochemical data provides the advantage of
preserving all of the variables although the covariance matrix is singular.

geochemical survey dataset to enable regional geochemical
interpretation. Through the application of data adjustment

Figure 3. Q-Q plots of the elements. These plots are used to identify
outliers and the degree of censoring. The lower right figure shows

This singularity is not a problem for the interpretation of the components. imputed values for Sb where the reported value < lower limit of procedures, compositional data analysis, and the application of
Figure 4 is a biplot of the first two components that account for 42% of the detection (LLD). 1258 values out of 1981 values were reported at < LLD statistically based classification procedures, we can successfully
total variability). The figure also show a “screeplot” (upper right) for the of 0.1 ppm. The imputed average replacement value is 0.15 ppm. interpret compositional (geochemical) data for the purposes of
eigenvalues obtained from the 46 elements and 2199 lake sediment regional geological mapping.

samples. The score for each observation is depicted by a symbol and
colour of the underlying geology of the sample site. Component 1 shows
positive scores associated with relative enrichment of Ga-Al-K-Mg-Ti that
represent felspars and mafic minerals (including clays) that are resistant
to weathering in an area where there was little ice movement and
represents a “felsenmeer” of broken rock. This area occurs in the upper
elevations of the Melville Peninsula (Figure 5). Negative PC1 scores
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