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Government geological surveys and mineral exploration companies < Melville Penninsula (clr) . °
collect large amounts of geochemical data that are used in search for i S~ Map Code Sm - °\

mineral commodities or environmental studies. These surveys consist of ) I DA v g, P Eu  Ce 715 — 1 i

many thousands of samples (observations) with as many as 50 elements ? o S . Na ) - 1 - g

determined for each. Because the nature of the data is compositional, ] a L, ] Akg I I \

they must be treated according to the protocols established by Aitchison e S | Amon 7 el 7 - A

(1986). This contribution details an approach based on the application of ; N o nPon .

the alr, clrand ilr transforms for process discovery and validation. r i .#\ « S | g Amm "

This poster highlights the value of multi-element geochemical data as an :j; O N Y A o S RbCT

aid to regional geological mapping and potential base- and precious e\ CPanada L3 e\ o 2 Ps2v Fe Ti

metal deposits through the collection and evaluation of regional - ‘ W7 Pb e Ga

geochemical survey data in the Melville Peninsula area of Nunavut, e b S Co Il

Canada (Figure 1). Figure 2 shows a generalized geological map and a ) A o AX g | & K :

corresponding digital elevation model for the area. S S S N ——— 4 e o Sb Vv ) .

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

Melville Peninsula is located in the north-central Rea Craton of the @ cd 5

western Churchill Province (wCP). The wCP is a collage of Figure 1. Location of the Melville Peninsula area. B 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
overlain by Paleoproterozoic supracrustal sequences and intruded by | | | | | \ \ \ \ area. Positive scores are associated with the upper
various intra-plate Proterozoic magmatic suites. It is characterized by 04 03 02 01 00 01 02 03 04 05 fg,’é‘i’t‘?‘t/’:?’f;; atgz lf’gﬂfg:f;‘f;fﬁg_’gg_‘gf ‘_’*_ﬁf ﬁ:’;ﬁf’ngb
widespread tectonothermal reactivation related to the assembly of the - - o o PC 1 This combination of elements is interpreted to represent

supercontinent Nuna during the interval 1.95-1.80 Ga.

The data used in this study have been published in the Geological Survey

of Canada Open File 6269 (Day et al., 2009) based on earlier studies by

Hornbook et al. (1978a, 1978b). Details on the sampling methodology =
and analytical protocols are documented in Open File 6269.

the concentration of mineralogies associated with the
homogenization of regional bedrock lithologies resulting
from glaciation.

Figure 4. Biplot of the first two principal components based on a clr
transform. The legend lists the lithologies associated with the lake
sediment sample collection site. A screeplot of the eigenvalues is
shown in the upper right.

The results presented here are from a campaign to re-analyze sample = Principal COMPONENt 2 wu wo wu son sw w o mn ar
pulps using modern analytical methods including Inductively Coupled - Classification and Prediction (ALR or |LR) \
Zla_sme_a MZSSI Specﬁﬁmtwl (ICP-MS) ﬁnd Inlstrumentf]l NeltJ)tron = This set of data provides an opportunity to test the ability of the lake

cliEiion \NalysIs ( ). In cases where elements have een = sediment geochemistry to predict the underlying geology. Each i componnt | §
alialjzzel Sl t\.NO or more methpds, the e[ements were eyaluated " - sample site was coded with a geological map unit code. The data were = e
terms c_>f detection limit _swtablllty and V'Sl.Ja.I examination of ?he =; . parsed and 8 classes were extracted for which there were a sufficient :' 0w
correlation of the element with each method. This included the evaluation " : number of sites for each class (see Table 1). Using the full range of 46 = o
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of the degree of censoring (values less than lower limit of detection[<lid]). elements both alr and ilr transforms were carried out on the data. In the

case of the alr transform, Ce was chosen as the divisor. Standard
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

: : : : Figure 2. Generalized geology of the Melville Peninsula area based on average accuracy of the classification, which is shown in Table 2. A .
_recognlz/edd % & cofn;uhnuum g \élarlatgll_?] responses a}nd Il rglztl\;e Skulski (Open File 5577, in prep.). A map of the digital elevation model neural network prediction technique was also applied to the data and g
ereaseieserease ot 11ese vallabies. (NS Presents bl Censored Ba:a - is shown on the right. Lake sediment survey sites are shown as grey yielded similar results. Figure 7 showsa plot of the linear discriminant T —
SIS CLE n(.)’_c A results_ S [PIEEESES [ETelitel INE e, dots. scores on the first two linear discriminant axes. The observations are
In the compositional data analysis framework, the problem of censored ' . ) ) .
data was recognized early (Aitchison, 1986). Martin-Fernandez et al shown by colour and symbol to reflect the underlying geology Figure 6. Map showing the second principal component
: : : associated at each point. The figure shows three distinct groups: plotted over the regional geology. The patterns observe
(2003) disc ssgsvarlo srg Iacementc’> tlons.based on the nature ofthé lated ateach point. The fig . i elellie]elg lotted th lonal geol The patt b d
u usrep : P . y 1) PHg-PS1/2-PS3-Agu that represents the sediments of the Penrhyn on this map are more representative of local bedrock
censoreg (éatta. Recogpllzmg;he_g!fferince betw?en mlss;ng \I/alue.fs e UL S TERE SNpe e haee S Sepye group and grainitoid rocks with a similar chemistry (Agu). lithologies.
Celizainel el I3 clisgizll I eleeialing) e 2t ifolizEnnisl velltis, W eI TR IR K R I 2) Akg-Agu-Agd are massive granitoid units that reflect felsic igneous
should be estimated. More recently, Hron et al. (2010) describes a '/ / o) Dl / / / Vet pZocegssegs. ? ° ?
method based on neural networks that provides estimates of o e 3) Agd-Amgn-APWs represent gneisses and sediments that are
replacement values. This methodology, which is implemented within the ENV LN R g/ I W P Z distinctly more clastic in nature than those in Group 1 above.
R package (R-project, 2011) as robCompositions is used in this et e AR b A R A A s el Pl There is considerable overlap between these groups and the accuracy
presentation. T . Cee . e matrix of Table 2 shows that the overall accuracy is poor for the PHg
Figure 3 shows quantile-quantile plots for the elements (raw data) prior to i g i { 1] g 1 i (i and Amgn classes. The overall accuracy is 60%. However, given that Ag pp alphaze
adjustments for censored values. The lower right plot of Figure 3 shows a f -/ * -—/ " »—/ / R E—/ Pl / the lake sediment geochemistry represents a certain degree of | |
quantile-quantile plot for Sb obtained by ICP-MS analysis. The black R R o e e e . homogenization of the surrounding country rock into the lake basins

points represent the data as reported with a significant amount of and the terrain is variable in its depositional and erosional history, the
censoring. The red points show the imputed values determined from the results of this classification are considered acceptable as a tool for
robCompositions package with the impKNNa function (Atichison Py e Py e regional remote predictive mapping in areas where the geology is less
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distance option). These results are considered as reasonable estimates B o well-known. o B _ _
for replacement values. 3/ i J 5] ; g/’” o [gm - The resulting predictive classified observations were imaged the gstat
Pl et / Ve 1 o] package in R and plotted based on the posterior probability

5 determined in the application of the LDA. An example semi-variogram .
used to fit the data is shown in Figure 8. The interpolated maps, by
kriging, are shownin Figure 9. The patterns displayed in these images
closely correspond with the observed geology.

Multivariate Association of Geochemical Data

A useful tool for process discovery in geochemical data is principal
component analysis (PCA). PCA provides a summary of multi-element
relationships in a form of linear combinations of the variables (elements)
based on measures of association (correlation). The application of the
logcentred (clr) transform to geochemical data provides the advantage of
preserving all of the variables although the covariance matrix is singular.
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Conclusions : : m—
This poster summarizes the procedures used to evaluate a Figure 8. Fitted semi-variogram for
geochemical survey dataset to enable regional geochemical SRS el ey O (MR Ly At
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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