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EXECUTIVE SUMMARY 

CSIRO Exploration & Mining (CEM) has used a Self-Organizing Map (SOM) approach to 
analyze a database of stream and lake sediment geochemical analytical results compiled and 
collected as part of the Geoscience BC’s QUEST Project. 

The study’s objective was to use CSIRO’s implementation of the Self-Organizing Map 
(SiroSOM) to identify patterns and establish relationships amongst the various stream sediment 
and lake sediment geochermical data that may be indicative of geochemical dispersion related to 
mineralization. Anomalous samples and some spatially-coherent responses for some elements 
result from the study. 

Sample point data, extracted from the levelled and imputed elemental grids produced by Barnett 
and Williams (2009) were used as inputs to this study. The levelled and imputed grids were 
intersected by the sample point locations and the relevant grid (elemental) values subsequently 
assigned to the sample point location and number. The input data set consisted of some 15,020 
samples each with 42 elemental values. 

There is a multitude of ways that SOM can be used to analyse and assist with knowledge 
extraction and creation, and only those relevant to this study are detailed. It was never our intent 
to document and describe all the significant occurrences and distributions for each of the 42 
available elements; however, we have demonstrated our approach to target prospective Au, Cu, 
Mo and Ni samples, so that these procedures can be repeated by the reader as required. 

Various “anomalous” or prospective samples have been identified; and, the spatial context and 
coherence of such samples is critical for their assessment. Sample locations are displayed 
colour-coded by either the K-means cluster to which their SOM-derived BMU “node” has been 
assigned, or by the magnitude of their quantization-error, which is used to identify the locations 
of outliers. The locations and distributions of samples highlighted by this study need to be 
assessed in the context of known mineral occurrences and with regards to the structural 
evolution and metallogenesis of the Quesnellia Terrane. 

Because this study has been undertaken to promote resource assessment and exploration, we 
have endeavoured to present our results in a manner so that all potential users of these data can 
understand and benefit from them. A series of digital maps and ASCII digital data outputs are 
provided, so readers can use the results in their own analysis software, and display them in their 
spatial information system of choice. 
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1. INTRODUCTION 

CSIRO Exploration & Mining (CEM) has undertaken a Self-Organizing Map (SOM) analysis of 
stream and lake sediment geochemical data from the QUEST Project area to identify samples 
that exhibit “anomalism” that may be associated with mineralization. The study area (Figure 1) 
is over the Quesnellia Terrane of central British Columbia, which has potential to host copper 
and gold porphyry-style mineralization, but prospective areas are variably covered by 
Quaternary deposits of glacial sands and gravels. The Quest Project includes areas of Mountain 
Pine Beetle (MPB) infestation, and it is anticipated that successful mineral exploration and 
mining ventures resulting from Geoscience BC initiated projects will provide economic and 
development opportunities for MPB affected areas. 

 

1.1 Input Data Background 

As part of a previous geochemical QUEST project, publicly available regional geochemical data 
collected via various federal and provincial geoscience initiatives over central British Columbia 
(for example see, Lett, 2005; Lett and Bluemel, 2006) were compiled into a digital data base: 
the MPB Data Repository (Jackaman, 2007). This data repository contains multi-element 
analytical results from over 30,000 samples collected during various regional bark, lake, till and 
stream surveys. More recently, a further 5000 samples were added to the available data resulting 
from the reanalysis of archived sample pulps, from these earlier surveys, and, by some 2200 
new samples collected to fill holes and gaps in the data coverage (Jackaman, 2008 (a), (b), (c); 
Jackaman and Balfour, 2008). While the now available, expanded geochemical data set over the 
QUEST area is substantial, its integration, analysis and interpretation is a significant challenge. 
Different analytical methods with various detection limits and levels of precision have been 
used over the 30 years these survey data were collected. 

Despite the above challenges, Barnett and Williams (2009) have produced uniform grids over a 
common area for 42 of the elements available in the combined MPB data set. These authors 
have developed a pragmatic approach to overcome the inherent issues in such a combined data 
set and the procedures they have employed are thoroughly documented in their report. Their 
procedure essentially involves three steps: (1) selection of a preferred analytical method and 
detection limit from the available analytical methods for each element; (2) re-levelling and 
blending of adjacent geochemical surveys for the selected method/element combination; and (3) 
imputation of any missing data values (on a site basis) to ensure that the spatial coverages of all 
selected elements were comparable. Table 1 details the 42 elements, the preferred analytical 
method, the detection limits, and the measurement units for the geochemical values used to 
create the grids. 

Barnett and Williams (opt cit) demonstrated the validity of their approach by creating a model 
that relates their resulting elemental grids to mapped geology in areas of known geological 
outcrop and by predicting the “unknown geology” in areas of till and recent sediment cover. 
The spatial coherence of transition zones from known to unknown geology provides evidence of 
the success of their approach. 

For this study we have used as input, sample point data extracted from the levelled and imputed 
elemental grids produced by Barnett and Wilson (2009). The levelled and imputed grids were 
intersected by the sample point locations and the relevant grid (elemental) values subsequently 
assigned to the sample point location and number. 



An Investigation Using SiroSOM for the Analysis of QUEST Stream-Sediment and Lake-Sediment Geochemical Data. 
Geoscience BC Report 2009-14   -       CSIRO E&M Report 2009/983 

2 

 

Figure 1. Location of the QUEST SOM Geochemical Project Area. 
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Table 1: The elements, analytical method, detection limits and measurement units used to 
create the levelled and imputed grids, from which the point data used in this study 
were derived (after Barnett and Wilson, 2009).  

 

 
 

1.2 SiroSOM Background 

CSIRO Exploration & Mining (CEM) has an ongoing interest in tools and techniques that assist 
in the integrated analysis, interpretation and visualization of geoscience data sets, especially 
those that are stored within a geographic information system (GIS). For some time, CEM has 
been promoting the use of self organizing map (SOM) technology for the analysis of 
exploration data sets, as a data mining tool to assist in exploratory data analysis and knowledge 
discovery (Fraser and Dickson, 2007). 

The SOM procedures and algorithms are described in detail by Kohonen (2001); however, a 
brief description follows. If one can represent all data points as vectors in a data-space defined 
by the variables (element concentrations), the SOM procedure provides a non-parametric 
mapping (regression) that transforms these high dimensional, nonlinearly-related vector items to 
a typically two-dimensional (2D) representation. This procedure attempts to maintain the 
relationships between the best-matching unit vectors (BMU) in nD multidimensional space and 
their 2D representation as nodes1 on the "map". The resulting, typically rectilinear, self-
organized map is a 2D representation of the n-dimensional data space, which attempts to 
preserve and show the relationships and complexity of the input data. The SOM procedure 
essentially provides an un-supervised "self-organization", which allows a visual representation 
of the relationships present in the multivariate data space. Also this "self-organization" occurs at 
a variety of levels. The samples that are represented by each node on the map in effect form a 

                                                      
 
 
1 The term "best-matching unit" (BMU) refers to a vector in nD space that was trained to represent a group of samples 
in a data set. The term BMU node refers to the cell on the self-organized map that has been assigned the characteristics 
of a particular BMU vector. These terms are largely interchangeable.  
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grouping of statistically similar samples; however, other more traditional clustering techniques 
(we typically use K-means) can then be used to cluster the various characteristics of nodes 
themselves into self-similar patterns. 

SOM procedures are used in a range of applications, but they have had significant impact in the 
fields of data exploration (Kaski, 1997) and data mining (Vesanto, 2000). 

Geologists in the exploration and mining industries are increasingly challenged by the joint 
integration and interpretation of ever-increasing amounts of new and historic, spatially-located 
data (geochemistry, geophysics, geology, mineralogy, elevation data, etc.). Because these data 
can be gathered faster than they can be interpreted, the availability of GIS and similar software 
packages, has, in some respects, compounded, rather than reduced this problem. Computational 
data mining methods, such as SOM, can assist in the analysis and understanding of such data 
sets. SOM is an ideal technique to assist in the analysis of spatially-located stream and lake 
sediment geochemical data.  

There is an increasing acceptance of SOM in the petroleum industry to assist with calibration 
and interpretation of well-logs and seismic data (e.g., Strecker and Uden, 2002; Briqueu et al., 
2002). There have also been demonstrations of the technique for the analysis of broader earth 
sciences data (Sliwa et al., 2003; Penn, 2002, 2004; Zhou et al., 2005; and, Fraser and Dickson, 
2005, 2007; Mikula et al., 2008; Fraser and Hodgkinson, 2008). 

The SOM software developed by CSIRO Exploration & Mining (SiroSOM) is a specific 
implementation of the SOM algorithms, which is aimed at providing geoscientists with access to 
new methods for determining the intricate relationships within and between multiple, spatially-
located and complex data sets. The analysis and visualization provided by SOM has the 
potential to be significant to both regional and mine-based mineral exploration activities, as we 
seek to understand those relationships associated with mineralization, identify prospective 
zones, and discover new ore bodies. Fraser and Dickson (2007) provide more detail on the 
SiroSOM processing. 

2. PROJECT OBJECTIVE & DELIVERABLES 
The objective of this study was to use SiroSOM to seek patterns and establish relationships 
amongst the various stream sediment and lake sediment2 parameters, to highlight anomalous 
samples or spatially-significant responses that may indicate geochemical dispersion indicative 
of mineralization.  

The typical output from a SiroSOM procedure is an ASCII file, which is essentially, the input 
data file with extra appended columns that contain a number of the resulting SOM-derived 
parameters specific for each sample. Various other maps and digital data files will be included 
as digital data to accompany this report either on CD ROM or an associated web-page.  

                                                      
 
 
2 It was planned to include the parameters from the water surveys in this study; however the irregular and varied nature 
of these measurements would present significant challenges. Water parameters were not included in the 42 variables 
selected by Barnett and Williams (2009) so such parameters are not included in this combined study.  
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3. SOM ANALYSIS PROCEDURES AND OUTPUTS 
Data analysis using SiroSOM is an interactive process, which typically involves a range of 
approaches and strategies that can be used depending on the objective of an analysis and the 
complexity of the data. There are numerous ways that a SOM analysis can be used to assist with 
knowledge extraction and creation. 

The point data set extracted from the levelled and imputed grids consist of some 15,020 samples 
each with 42 elemental values. The elemental values were in log10 format. This was considered 
an advantage as the first step in the SiroSOM processing would have been to undertake this 
transformation. 

After some initial experimentation a “self-organized map” size of 35 x 29 was chosen as being 
appropriate to display the overall variability of the input data. We have used a toroidal 
projection surface and the various “self-organized map” displays wrap from top-to-bottom and 
from side-to-side. 

 

Figure 2. (a) U-matrix representation of the self-organized map that results from the analysis of 
the levelled and gridded QUEST geochemical data; and, (b) A K-means clustering of 
the map “nodes” shown on the U-matrix plot. The cluster numbers are shown. 

The U-matrix representation of the “map3” is a display that is intended to summarize the 
structure, yet illustrate the complexity inherent in a data set. The nodes on the U-matrix 
representation are coloured using a colour-temperature scale to indicate how similar (blue) or 
dissimilar (red) they are to adjacent nodes. To assist in this process, every second row and 
column on the U-matrix consists of dummy nodes that are coloured to show the average 
“similarity” between adjacent real nodes. The “real nodes” are coloured according to their 
average “similarity” to their adjacent real nodes. At one level, the U-matrix can be considered 
broadly analogous to an elevation model, with blue “plains of similarity” separated by hotter 
temperature nodes forming walls or areas of increasing diversity. Figure 2(a) is the U-matrix 
representation of the self-organized map, resulting from our analysis of the QUEST area 
geochemical input data. 

                                                      
 
 
3 The self-organized “map” is typically a two-dimensional rectilinear representation of a multivariate data set; it is not a 
spatial representation of samples or other distributions. 
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Appendix 1 details the co-ordinate system and numbering convention for identifying nodes or 
best matching units (BMUs) on the resulting self-organized map. Appendix 2 describes the 
content of the ASCII output files that can be used for further analysis or to display the SiroSOM 
processed data. 

The ACSII output files (“QUEST_out_data.csv” and “QUEST_out_map.csv”) are 
included in the digital data that accompany this report. Appendix 3 contains a catalogue 
of the digital data (ASCII files and map pdfs) that should accompany this report.  

Each node on the self-organized map corresponds to a BMU data vector, which represents a 
group of similar input samples. We have found there are advantages for visualization and 
interpretation purposes in clustering these BMU vectors using a traditional clustering approach 
such as K-means (Scheffe, 1953; Xu and Wunsch, 2005). Figure 2(b) shows the results of a K-
means clustering of the map nodes. A Davies-Bouldin (1979) analysis of the node data revealed 
that 20 was a suitable, natural segmentation of these data, so consequently in the K-means 
analysis, 20 classes were determined. A detailed comparison of Figures 2 (a) and (b) shows how 
the cluster boundaries conform to patterns evident on the U-matrix. In this study the K-means 
analysis essentially breaks up the data into segments or domains of self-similar geochemical 
responses. Appendix 4 contains “Box and Whisker” plots of the 42 elements for each of the 20 
K-means classes.  

The patterns evident on the U-matrix, and hence the distribution of the K-means clusters, are 
controlled by the underlying contributions of the components (variables) that constitute the 
samples used in the analysis. Figure 3 displays the 42 elemental component plots that sit behind 
the “self-organized map”. These plots display the elemental BMU vector values for each node 
on the map, and are displayed using a colour-temperature scale that denotes low-range values as 
blue and high-range values as red. 

Figure 4 shows a nearest-neighbour gridded, spatial map of the samples, colour-coded by the K-
means cluster assignment of the SOM nodes to which the samples belong. This map represents a 
domaining of the samples that broadly reflects the local “upstream” geology and stream 
transport conditions. (Geoscience BC; QUEST Project Map 2009-14-01 is a more detailed 
version of this map). 

 

To assist with interpretation and to create a product that can be used immediately to target areas 
of interest, “Cluster-normalized” maps for each of the 42 elements have been produced. For a 
given sample, the “Cluster-normalized” value for a given element has been calculated by 
subtracting the mean of the sample values for that cluster, from the sample value, then dividing 
that result by the standard deviation of that cluster. A set of these “Cluster-normalized” maps, 
and the file from which they were derived - “QUEST_out_data_Cluster _Normalized.csv” - 
have been included in the digital data that accompany this report. 

The “Quantization Error” (QER) is another SOM-derived parameter that can assist in the 
interpretation of a dataset. In a SOM analysis, each sample vector is assigned to, and 
represented by a BMU vector, (which is displayed as a node on the self-organized map). The 
QER is a measure of how similar a sample is to the BMU vector that represents it. The QER is 
determined for each sample and the larger the QER value, the more of an outlier (anomalous) 
that sample is. It is important to understand that large QER values (anomalism) may be caused 
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by either an increased or reduced presence of particular elements (variables); hence care is 
needed in its interpretation. In general, the QER allows the identification of anomalous trends 
that cross geological boundaries. The process tends to compensate for changes in the thresholds 
of anomalism for individual elements in different geological background chemistries. Figure 5 
shows the spatial distribution of each sample’s QER value. (Geoscience BC; QUEST Project 
Map 2009-14-02 is a more detailed version of this map). 
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Figure 4. Sample sites coloured by the SiroSOM-derived K-means cluster of the nodes to which 

they belong. Point data were gridded using a Nearest-Neighbour interpolation 
(courtesy of P. Kowalczyk). 
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Figure 5 Quantization Error Map: Global Anomalism of Geochemical Samples. 
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4. NON-EXHAUSTIVE INTERPRETATION OF SOM RESULTS 

4.1 General 
Output data from a SOM analysis can be used in various ways to extract information and 
knowledge from a geochemical data set. Some of these approaches are detailed in the following 
sections of this chapter. 

It is beyond this study’s scope to document and describe exhaustively all the significant 
occurrences and distributions for each of the 42 elements resulting from this SiroSOM analysis. 
Our intent is to describe and demonstrate the processes used to target anomalous or prospective 
samples so that the procedures can be repeated by the reader as required. The following sections 
will provide examples that concentrate on Au, Cu, Mo and Ni. 

As previously indicated, various digital ASCII files are available with this report; and these 
allow further post-SOM processing analysis and visualization to be undertaken. For specific 
procedures detailed in the following sections, ASCII output files have also been provided to 
assist with follow-up and location of highlighted samples etc. 

4.2 “Cluster-Normalized” Element Anomaly Maps 
During the SOM analysis, field samples were assigned to SOM-derived BMU nodes on the 
resulting self-organized map. These BMUs subsequently were "clustered” by a K-means 
analysis to yield 20 classes. Samples were then assigned membership to clusters according to 
the cluster that their BMU has been assigned. These SOM-derived, K-means clusters have been 
used to highlight “anomalism” within the geochemical data set. 

(Geoscience BC has produced a series of 42 “Cluster-Normalized” element anomaly maps with 
samples normalized to the mean and standard deviation of the K-means cluster to which a 
sample’s BMU belongs (Geoscience BC QUEST Project Maps: 2009:14:002 - 2009:14: 044). 
The file from which these maps were derived - “QUEST_ out_data _Cluster _Normalized.csv” - 
is included in the digital data that accompany this report.) 

4.2.1 Gold Anomalism Map 

Figure 6 shows the “Gold Anomalism” map resulting from the above procedure. This map 
shows sample sites colour-coded in terms of the magnitude of the difference a sample value has, 
compared to the average value of the cluster to which that sample belongs. Anomalous values 
occurring in coherent spatial regions or forming sediment trains indicate areas where some form 
of follow-up sampling and further reconnaissance is recommended. (Geoscience BC; QUEST 
Project Map 2009-14-06 is a more detailed version of this map). 
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Figure 6. Cluster-Normalized Gold “Anomalism” Map. Samples are normalized to the mean and 
standard deviation of the K-means cluster to which they belong.  
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4.3 Element Associations with SOM-Derived K-means 
Clusters 

Cross-plots of elemental values for each BMU node can be used to highlight samples, trends, 
processes and relationships amongst the variables in a data set analysed via SOM. If the nodes 
on the cross-plots are colour-coded based on their K-means cluster assignment, the cross-plots 
also highlight clusters, or particular BMU nodes that may be of significance. 

4.3.1 Au verses Ag Cross-Plot 

The Au verses Ag cross-plot is shown on Figure 7. This figure shows the BMU nodes from the 
self-organized map, coloured by the K-means cluster assignments as shown on Figure 2(b). The 
nodes are sized in proportion to the number of samples from the initial data set that report to the 
node. 

 

 

Figure 7. Au vs Ag Cross-Plot. The graph on the left shows the cluster-labelling of the nodes 
associated with the highest Au values. The locations of samples belonging to those 
higher-value Au nodes within the box on the right-hand plot have been spatially-
located in Figure 8. 

In Figure 7, the nodes with the highest Au values plot on two trends: one trend with lower Ag 
values contains nodes from Cluster #3 (green) and one node belonging to Cluster #4 (red); and 
another trend with higher associated Ag values containing nodes associated with Clusters #11 
(light blue) and #12 (purple). The spatial contexts of samples belonging to those higher-value 
Au nodes within the box on the right hand plot are shown in their respective cluster-colours on 
Figure 8. Samples belonging to Cluster #3 (green) occur throughout the study area. The samples 
of Cluster #11 (light-blue) are concentrated in the south-east of the study area,, with other 
representative samples scattered throughout the area. The samples of Cluster #12 (purple) are 
concentrated on the central western area, but some samples also occur on the eastern side. The 
three samples of Cluster #4 (red) occur on the western side of the area. (An ASCII file 
containing information on the samples plotted on Figure 8 - “Au vs Ag 
Box_QUEST_out_data.csv” - has been included in the digital data that accompany this report). 



An Investigation Using SiroSOM for the Analysis of QUEST Stream-Sediment and Lake-Sediment Geochemical Data. 
Geoscience BC Report 2009-14   -   CSIRO E&M Report 2009/983 

14 
 

 

Figure 8.  Spatial distribution of samples belonging to the elevated Au nodes within the box 
shown on the right-hand plot of Au vs Ag Cross-Plot on Figure 7.  
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4.3.2 Cu verses Ni Cross-Plot 

The Cu verses Ni cross-plot is shown on Figure 9. The display on this figure is similar to that 
shown for the Au verses Ag Cross-Plot on Figure 7. 

On Figure 9, the nodes with the highest Ni values belong to Cluster #13 (olive green); whereas 
the nodes containing the highest Cu values belong to Cluster #8 (teal blue). The spatial locations 
of samples belonging to those higher-value Ni and Cu nodes within the boxes outlined on the 
right hand plot are shown on Figure 10. 

On Figure 10, samples containing elevated Cu belong to Cluster #8 (teal blue); and those with 
elevated Ni belong to Cluster #13 (olive green). The spatial distribution of samples that belong 
to the highlighted nodes forms zones predominately in the north-west and south-east corners of 
the study area, apart from some elevated Ni samples in the centre of the map area. 

(Two ASCII files containing information on the samples plotted on Figure 10 - “Cu vs Ni 
CuBox_QUEST_out_data.csv” and “Cu vs Ni NiBox_QUEST_out_data.csv”- have been 
included in the digital data that accompany this report). 

 

 

Figure 9. Cu vs Ni Cross-Plot. The graph on the left shows the cluster-labelling of the nodes 
associated with the highest Ni (Cluster #13) and Cu (Cluster #8) values. The spatial 
locations of samples belonging to those higher-value Ni and Cu nodes within the 
boxes outlines on the right hand plot are shown on Figure 10. 
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Figure 10. Spatial distribution of samples belonging to the nodes with elevated Ni and Cu values 
within the boxes shown on the right-hand plot of Figure 9. Samples belonging to 
Cluster #8 (Cu) are teal blue; and those belonging to Cluster #13 (Ni) are olive green. 
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4.3.3 Cu verses Mo Cross-Plot 

The Cu verses Mo cross-plot is shown in Figure 11. This figure’s display is similar to those of 
the previous cross-plots shown on Figures 7 and 9. 

Figure 11. Cu vs Mo Cross-Plot. The graph on the left shows the cluster-labelling of the nodes 
associated with the highest Mo (Cluster #19) values. The spatial locations of samples 
belonging to those higher-value Mo nodes within the box outlined on the right hand 
plot are shown in Figure 12. 

On Figure 11, the nodes with the highest Mo values belong to Cluster #19 and are coloured 
pink. The spatial locations of samples belonging to those higher-value Mo nodes within the box 
on the right hand plot are shown on Figure 12. 

An ASCII file containing information on the samples plotted on Figure 12 - “Cu vs Mo 
Box_QUEST_out_data.csv”- has been included in the digital data that accompany this report. 
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Figure 12. Spatial distribution of samples belonging to the nodes with elevated Mo values within 
the box shown on the right-hand plot of Figure 11.  
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4.4 Analysis of Component Plot Nodes 

The component plots shown on Figure 3 display the relative contribution of the element in 
question for each node on the self-organized map. These are coloured using a temperature scale 
from low-values in blue, to high-values in red, across the range of available BMU node values. 
Because these nodes are arranged on the “map” in a fashion that retains (and reflects) the 
structure and topology of the samples belonging to the input data set, the patterns of the sample  
values on the nodes also reflect this structure and topology. The component plots may, however, 
also provide insight as to the primary controls behind the structure and composition of the self-
organized map and hence, that of the input data set. 

4.4.1 Analysis of the Au Component Plot Nodes 

Figure 13(a) shows the Au component plot as extracted from Figure 3. (Nodes with elevated Au 
values are displayed in hotter-temperature colours.) Six populations of Au values were visually 
identified and ranked from #1 to #6 (Figure 13 (b)). Samples belonging to selected nodes from 
these six populations (Figure 13 (c)) were extracted to separate and a combined ASCII output 
files as tabulated below. 

Table 2. ASCII files produced for the Six Selected Au Node Populations. 
 

AU_1_ QUEST_out_data.csv 

AU_2_ QUEST_out_data.csv 

AU_3_ QUEST_out_data.csv 

AU_4_ QUEST_out_data.csv 

AU_5_ QUEST_out_data.csv 

AU_6_ QUEST_out_data.csv 

AU_1_6_ QUEST_out_data.csv 

 

Spatial plots for each of the six populations are shown on Figure 14. 

Readers who want to follow-up these results should import the above files into their own spatial 
analysis systems, then assess the significance of their locations with respect to known mineral 
occurrences, prior mining activity and the readers own models for mineralization in the area. 
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Figure 13. (a) The Au Component Plot as shown on Figure 3. (b) Six Au populations were 

identified and ranked #1-#6, with #1 being the highest ranked. (c) Samples belonging 
to the selected nodes, identified with red outlines, were output to ASCII files. (d) The 
selected nodes superimposed over the K means clustering of the “map”. 
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Figure 14a. Spatial displays of samples belonging to Au population #1 that is identified on Figure 

13. 
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Figure14b.  Spatial displays of samples belonging to Au population #2 that is identified on Figure 
13. 
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Figure 14c. Spatial displays of samples belonging to Au population #3 that is identified on  Figure 

13. 
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Figure 14d.  Spatial displays of samples belonging to Au population #4 that is identified on  Figure 

13. 
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Figure 14e. Spatial displays of samples belonging to Au population #5 that is identified on  Figure 

13. 
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Figure 14f. Spatial displays of samples belonging to Au population #6 that is identified on  Figure 

13. 
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4.4.2 Top Thirty Anomalous Au Samples based on Samples from the 
Selected Au Node Populations and their QER values. 

Using all samples from the six Au populations identified in the previous section, we have 
produced a top-thirty listing of anomalous samples based on an ordering of their QER values in 
descending order. 

Table 2 lists these “Top 30” samples and Figure 15 shows the spatial location of these samples. 
(An ASCII file containing these Top 30 Au Samples -Top30_Au _Samples.csv- has been 
included in the digital data that accompany this report.) 

Table 3. Listing of the Top 30 Anomalous Au Samples from the Six Selected Au Populations based 
on their QER values. 
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Figure 15. The spatial locations of the Top 30 Anomalous Au Samples from the Six Selected Au 

populations based on their QER values. Coloured according to QER magnitude (red - 
high). 
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4.4.3 Analysis of the Cu Component Plot Nodes 

Figure 16 shows the Cu component plot as extracted from Figure 3 with nodes containing 
elevated Cu values in hotter-temperature colours. The four populations representing the highest 
node values are highlighted on Figure 16 (b) and the actual nodes selected are on Figure 16 (c). 

The spatial locations of the samples belonging to the nodes highlighted on Figure 16 are 
displayed on Figure 17, coloured by their K-means cluster colour. 

 

Figure 16. (a) The Cu component plot as shown on Figure 3. (b) Four Cu populations were 
identified and ranked #1-#4, with #1 being the highest ranked. (c) Samples belonging 
to the selected nodes, identified with red outlines, were output to an ASCII file. (d) 
The selected nodes superimposed over the K-means clustering of the “map”. 

(An ASCII file containing information on the samples plotted on Figure 17 - “Cu Nodes 
QUEST_out_data.csv”- has been included in the digital data that accompany this report). 

4.4.4 Top Sixty Anomalous Cu Samples based on Samples from the 
Selected Cu Node Populations and their QER values. 

Using samples from the Cu populations selected elevated nodes from the Cu component plot, 
we have produced a top sixty listing of anomalous samples based on an ordering of their QER 
values in descending order (Table 4). Figure 18 shows the spatial locations of these samples 
coloured according to QER values. An ASCII file containing these samples (“Top 60 Cu Nodes 
QUEST_ out_data.csv”) is included with the digital data that accompany this report. 
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Figure 17.  Spatial Locations of samples belonging to the Cu populations identified on Figure 16. 
Coloured according to K-means cluster. 
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Table 4: Listing of the Top 60 Anomalous Cu Samples from the Four Selected Cu Populations 
based on their QER values. 
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Figure 18. Spatial locations of the Top 60 Anomalous Cu Sample populations based on their 
QER values. Coloured according to QER magnitude (red - high magnitude). 
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4.4.5 Analysis of the Mo Component Plot Nodes 

Figure 19 shows the Mo component plot extracted from Figure 3 with nodes containing elevated 
Mo values in hotter-temperature colours. The three populations representing the highest node 
values are highlighted on Figure 19 (b) and the actual nodes selected are on Figure 19 (c). 
Figure 19 (d) shows the selected nodes over the K-means clusters on the self-organized map. 

 

Figure 19. (a) The Mo Component Plot as shown on Figure 3; (b) Three Mo populations were 
identified and ranked #1-#3, with #1 being the highest ranked; (c) Samples belonging 
to the selected nodes, identified with red outlines, were output to an ASCII file; (d) 
The selected nodes superimposed over the K-means clustering of the “map”. 

The spatial locations of the samples belonging to the nodes highlighted on Figure 19 are 
displayed on Figure 20, coloured by their K-means cluster colour. 

(An ASCII file containing information on the samples plotted on Figure 20 - “Mo Nodes 
QUEST_out_data.csv”- has been included in the digital data that accompany this report). 
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Figure 20. Spatial Locations of samples belonging to the Mo populations identified on Figure 19. 

Coloured according to K-means cluster. 
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4.4.6 Top Sixty Anomalous Mo Samples based on Samples from the 
Selected Cu Node Populations and their QER values 

Using samples belonging to the elevated Mo nodes as shown on the Mo component plot, we 
have produced a top sixty listing of anomalous samples based on an ordering of their QER 
values (Table 5). Figure 21 shows the spatial locations of these samples coloured according to 
QER values. An ASCII file containing these samples (“Top 60 Mo Nodes QUEST_ 
out_data.csv”) is included with the digital data that accompany this report. 

5. DISCUSSION ON THE INTERPRETATION OF THE SOM 
RESULTS 

5.1 General 
In this study, SOM has been used to analyse stream and lake sediment geochemical 
concentration data to highlight anomalism indicative of mineralization. During the SOM 
procedure, input samples with similar characteristics are assigned to particular BMU nodes that 
are arranged on the self-organized map so that adjacent BMU nodes on the SOM “map” also 
have a degree of similarity. We used a K-means approach to group the BMU nodes into similar 
clusters. Hence there is a hierarchy of “similarity” (and dissimilarity) produced. 

 “Anomalism” can occur at various levels in terms of the self-organized map. At the lowest 
level, individual samples with particular characteristics (high QER values and/or elevated or 
reduced elemental values) can be “outliers” to the population of samples assigned to a particular 
node. At a higher level, samples that belong to a particular node, or group of nodes as defined 
by a cluster, may represent “anomalous” samples, compared with all other samples in the global 
population being examined. 

The following sections are non-exhaustive, but are intended to alert the reader to the possible 
analysis approaches available as a consequence of the SOM analysis. Also, because many of the 
SOM outputs and enhancements can be used in conjunction with each other, there is overlap 
between the approaches mentioned. 



An Investigation Using SiroSOM for the Analysis of QUEST Stream-Sediment and Lake-Sediment Geochemical Data. 
Geoscience BC Report 2009-14   -   CSIRO E&M Report 2009/983 

36 
 

Table 5: Listing of the Top 60 Anomalous Mo Samples from the Three Selected Mo 
Populations based on their QER values on Figure 19. 
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Figure 21. Spatial locations of the Top 60 Anomalous Mo Sample populations based on their 
QER values. Coloured according to QER magnitude (red -high). 
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5.1.1 Quantization Errors 

To recount, the quantization error (QER) is a measure of how much a sample is different (i.e., 
an outlier) compared to the SOM node vector that represents it on the self-organized map. It is 
important to understand, however, that a sample’s variation in characteristics compared to that 
of the node vector can be caused by either an increase or decrease in the abundance of any 
element or combination thereof. Hence, care should be used in the interpretation of samples 
with high QER values. It is recommended that samples with high QER values should be 
assessed in terms of other supporting evidence (elevated values in elements of interest and the 
spatial context of  nearby samples’ QER and concentration values). 

Figure 5 is a spatial map showing the locations of samples coloured-coded by the size of their 
QER (red-high; blue-low). Particular areas on that map (in both the north-west and south-east) 
show higher concentrations of elevated QER values and these potentially correspond to the 
presence of a variety of sediment source materials. Sediment trains with elevated QERs should 
be of interest as these occurrences could represent an anomaly train and hence should be 
targeted for subsequent follow-up. 

The QER values can be used as a parameter to assist in the rating of samples. In Section 4.4, we 
used the QER values to refine the ranking of samples that were selected on the basis of being 
assigned to BMU nodes with particular elevated elemental values. 

5.1.2 SiroSOM-derived K-means Clustering 

The K-means clustering of the nodes on the self-organized map (Figure 2) is an attempt to see 
patterns and perhaps even process within the larger data set. It is possible that a cluster 
represents sediment samples from a particular source rock that has been affected by similar 
weathering processes and or transport history; whereas an adjacent cluster may represent a 
similar lithology, affected by both mineralizing and weathering effects. 

Plotting the spatial location of samples coloured by the cluster assignment of the nodes to which 
those samples belong, (Figure 4) should, to some degree, reflect the local upstream geology and 
sediment transport environment. Hence there could be a relationship of the domains identified 
on this spatial map to bedrock geology. However, unlike the Barnett and Williams (2009) study, 
which specifically intended to infer bedrock geology from the sediment elemental 
concentrations (see their Figure 12), Figure 4 should be more similar to a surface geology map. 

5.1.3 “Cluster-Normalized” Element Anomaly Maps 

The reasoning behind the “cluster-normalized” element plots lies in the assumption that each 
SOM-derived, K-means cluster represents a population of samples with particular elemental 
distribution characteristics that are related to both surface processes and geology. By 
normalizing each sample’s elemental concentration on a per assigned cluster basis, we have 
attempted statistically to produce a “level playing field” in terms of geochemical baselines 
across the whole of the data set, to allow comparison across variations in background elemental 
responses. 
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The maps and data produced by this process are products that readily can be assessed for 
evaluation purposes, via either hardcopy (printing the digital maps) or by plotting the ASCII 
files in a spatial information system. 

5.1.4 Component Plots 

The simplest way to find samples belonging to populations with above-average values for an 
element is to look for hotter-temperature coloured nodes on the component plots (Figure 3) and 
examine the samples that are assigned to those nodes. Note that, as a consequence of the SOM 
analysis, samples are assigned to a node on the basis of that sample’s total response. For 
example, it is possible for a sample with a low Au value to be assigned to a population on a 
node with a much higher average Au concentration; this is considered an advantage of the SOM 
method as subtle anomalies can be identified. 

Case studies involving the selection of elevated nodes on component plots for Au, Cu and Mo 
are presented in Sections 4.4.1, 4.4.2 and 4.4.3, respectively. The Au and Mo component plots 
show multiple “bulls-eye style” regions on the self-organized map (Figures 13(a) and 19(a)), 
which can be interpreted as unique or compositional variations of sub-populations within the 
larger data set. In comparison, the Cu component plot (Figure 16(a)) essentially shows a broad 
elevated population, but this elevated zone has even higher sub-populations within it (remember 
that the map wraps from top-to-bottom, and side-to-side). 

The component plots of the elements, Au, Cu and Mo, appear to be related. The second highest 
Au population (#2 on Figure 13) coincides with an elevated “ridge” on the Cu component 
(Figure 16) and an area between Mo populations #2 and #3 (Figure 19). The highest ranked Cu 
nodes (population #1 on Figure 16) corresponds to Au population #3 (Figure 13) and the side of 
Mo population #2 (Figure19). The highest ranked Mo nodes (population #1 on Figure 19) 
coincides with Cu population #4 (Figure 16), which is also positioned between Au populations 
#4 and #5 (Figure 13). These relationships suggest that, at least for the elemental populations 
mentioned, there are various genetic relationships between them. 

For convenience, the samples belonging to BMU nodes on the self-organized map are often 
displayed or plotted (spatially or otherwise) in the colour of the K-means cluster assignment for 
the node in question  

5.1.5 Cross Plots of BMU Node Component Values 

Cross-plots of BMU node values are another approach we have used in this study to highlight 
nodes and clusters that may be important for exploration purposes. Because the BMU nodes are 
a condensed representation of the data set, cross-plots of BMU node values are typically more 
easily interpreted than if the raw input data are plotted. Such plots can be even more meaningful 
if the element selections are driven by prior knowledge regarding the geochemical attributes of 
possible mineralizing systems that could be represented in the data set. 

The Au vs Ag BMU node cross-plot (Figure 7) indicates there are two elevated Au trends in 
these data: one with a lower, and the other with a higher set of Ag values. The spatial 
distribution of samples belonging to the nodes within the box on Figure 7 is shown on Figure 8, 
and this indicates there are distinct zones and belts where samples belonging to these trends 
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occur. It would be of interest to determine whether there is other geological information 
available to validate these zones spatially. While most of the nodes highlighted belong to 
Clusters #11, #12 and #3, the single node belonging to Cluster #4 (red), which is included in the 
low Ag trend, appears to be worthy of further investigation. Figure 8 indicates that there are at 
least three (red) samples associated with the Cluster#4 node. 

The Cu vs Ni cross-plot (Figure 9) indicates that there is an association between higher Ni 
values and Cu, and a lesser association between higher Cu values and Ni. The spatial locations 
of samples belonging to the nodes outlined within Figure 9 are plotted on Figure 10. Samples 
belonging to these high Ni (Cluster#13 - olive-green) and high Cu (Cluster #8 - teal-blue) nodes 
are shown on Figure 10 and these also form a weak north-west to south-east zone across the 
area. The more localized spatial grouping of samples associated with the elevated Ni BMU 
nodes should also be investigated.   

The Cu vs Mo cross-plot (Figure 11) again shows the highest BMU nodes associated with Cu to 
be associated with Cluster #8 (teal-blue). The BMU nodes associated with the highest Mo 
values belong to Cluster #19 (pink). The spatial plots of samples belonging to the nodes with 
the highest Mo values shows what could be a lithologically or structurally controlled (NW-SE) 
belt in the north-central area and three well defined spatial groupings of samples in the north-
western corner of the map area. In the south-east corner of the map there is another group of 
samples that should be followed up. 

 

6. RECOMMENDATIONS 

i) This SOM analysis complements, rather than replaces, more traditional methods 
of assessing stream and lake sediment geochemical survey data. It is 
recommended that the results of both methods need to be assessed to ensure 
confidence and maximize discovery opportunities. 

ii) To be as objective as possible, this study has been undertaken without reference 
to known mineral occurrences, nor detailed knowledge of the study area. 
However, now that the processing has finished, the locations and distributions of 
samples highlighted by this study need to be assessed in the context of known 
mineral occurrences and with regards to the structural evolution and 
metallogenesis of the Quesnellia Terrane. 

iii) In this report we have demonstrated how the results of this SOM analysis can be 
used for Au, Cu and Mo (Ni ?) exploration. If there is interest in other elements, 
the reader is recommended to use a similar strategy. To assist, maps and digital 
ASCII data have been provided. 
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APPENDIX 1: Descriptions of the Self-Organized Map Co-
Ordinate & BMU Numbering Systems 

 
Introduction: 

There is often a requirement to refer to or describe the locations of particular “best matching 
unit” (BMU) nodes on a self-organized map (SOM). In particular the SOM ASCII output files 
(described in Appendix 2) refer to a SOM X and a SOM Y co-ordinate system and a BMU 
number. It is critical to understand these references as patterns of interest on the map may 
include BMUs that occur on adjacent rows and columns and hence will have non-sequential 
BMU numbers.  

The Self-Organized Map Co-ordinate System:  

The origin (1, 1) of the SOM co-ordinate system is a location upper-left on the map, with the 
SOM Y value increasing downwards, and SOM X increasing to the right. Figure 1 displays this 
system for the “honey-comb” of best matching unit nodes that are shown as an overlay to the U-
matrix resulting from the analysis in this report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: The Self-Organized Map Co-ordinate System for the 35x29 map from this report. 

 
 
 
The Self-Organized Map BMU Node Numbering Convention: 
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The top-left hand BMU node (or cell) is referred to as #1 and the convention is that the BMU 
numbering then increases down the first column till the last BMU of that column is reached. 
The top-most BMU of the next column to the right of the first is then assigned the next cell 
number and the pattern is repeated till all BMUs are numbered. Figure 2 displays this system for 
the “honey-comb” of best matching unit nodes that are shown as an overlay to the U-matrix 
resulting from the analysis in this report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The Self-Organized Map Numbering System for the 35x29 map from this report. 
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APPENDIX 2: Descriptions of the SiroSOM ASCII Output Files 

 
Introduction: 

There are two standard ASCII output files from a SiroSOM analysis. The “*_out_map” file 
contains all the information that is required to recreate the self-organized map display and the 
component plot displays. The “*_out_data” file is essentially the input data but in addition each 
sample has been tagged with extra SOM-derived attributes for that sample. The two files can be 
used to visualize self-organized map or to further analyse or visualize the spatial distribution of 
samples that have been tagged with SOM-derived attributes. 

The “*_out_map” SiroSOM Output File:  

This file essentially describes the self-organized map itself. Columns refer to particular 
attributes of each BMU (also called a node or cell) and the BMU values are arranged in rows. 
The variable headers in the “*_out_map” output file for this study (QUEST_out_map.csv) are 
as follows: 

 
SOMx, SOMy, cluster, BMU, Ag_lg, Al_lg, As_lg, Au_lg, Ba_lg, Bi_lg, Br_lg, Ca_lg, 
Cd_lg, Ce_lg, Co_lg, Cr_lg, Cs_lg, Cu_lg, Fe_lg, Ga_lg, Hf_lg, Hg_lg, K_lg, La_lg, 
Lu_lg, Mg_lg, Mn_lg, Mo_lg, Na_lg, Ni_lg, P_lg, Pb_lg, Rb_lg, S_lg, Sb_lg, Sc_lg, 
Se_lg, Sm_lg, Sr_lg, Tb_lg, Th_lg, Ti_lg, Tl_lg, U_lg, V_lg, Zn_lg, red, green, blue, U-
MAT. 

 
“SOMx” and “SOMy” are the SOM co-ordinates of the BMU (node/cell) in question. 
“Cluster” is the K-means cluster number assigned to the BMU in question. 
“BMU” refers to the BMU node number. 
“Ag_lg” …… “Zn_lg” are the SOM-determined elemental attributes of the BMU in 
question (in log10). The measurement units are given in Table 1 of the report proper. 
The “red”, “green” and “blue” variables are the 8-bit colour components used to 
display a BMU on the map - typically the “cluster-colour”. 
“U-MAT” is the average “distance” a BMU is from its neighbours.  
 

The “*_out_data” SiroSOM Output File: 

As indicated, this file contains the input sample data with additional SiroSOM tags added to 
each sample. Variable information is contained in columns and sample information in rows. The 
variable headers in the “*_out_data” output file for this study (QUEST_out_data.csv) are as 
follows: 

 
Easting, Northing, somx, somy, BMU, Cluster, q-error, UTME_83, UTMN_83, Ag_lg, 
Al_lg, As_lg, Au_lg, Ba_lg, Bi_lg, Br_lg, Ca_lg, Cd_lg, Ce_lg, Co_lg, Cr_lg, Cs_lg, 
Cu_lg, Fe_lg, Ga_lg, Hf_lg, Hg_lg, K_lg, La_lg, Lu_lg, Mg_lg, Mn_lg, Mo_lg, Na_lg, 
Ni_lg, P_lg, Pb_lg, Rb_lg, S_lg, Sb_lg, Sc_lg, Se_lg, Sm_lg, Sr_lg, Tb_lg, Th_lg, Ti_lg, 
Tl_lg, U_lg, V_lg, Zn_lg, L_MID (excluded) 

 
 

“Easting” and “Northing” refer to SiroSOM assigned geo-spatial location of the 
sample. 
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The “somx” and “somy”  refer to the SOM_X and SOM_Y co-ordinated s of the BMU 
the sample has been assigned to. 
“BMU” is the BMU number that a sample has been assigned to.  
“Cluster” is the cluster number assigned to that sample after the K-means analysis of 
the BMUs. 
The “q-error” is the quantization error assigned to a sample. 
“UTME_83” and “UTMN_83” are the input geo-spatial sample locations. 
“Ag_lg ………..Zn_lg” are the (log10) input sample values for each sample. The 
measurement units are given in Table 1 of the report proper. 
“L_MID (excluded)” refers to a “label” attribute that was carried through the analysis 
but excluded from the actual analysis. 
 

These data can be used as input to 3rd party data analysis packages or to display the SiroSOM 
results spatially in geographic information or display systems. 
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APPENDIX 3: Listing of Digital Data to Accompany this Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Report Digital ASCII Data     
 Section 3      

  QUEST_out_data.csv   
  QUEST_out_map.csv   
 Section 4.2     

  
QUEST_out_data_Cluster_Normalized.cs
v  

 Section 4.3.1     
  Au vs Ag Box_QUEST_out_data.csv  
 Section 4.3.2     
  Cu vs Ni CuBox QUEST_out_data.csv  
  Cu vs Ni NiBox QUEST_out_data.csv  
 Section 4.3.3     
  Cu vs Mo Box QUEST_out_data.csv  
 Section 4.4.1     
  AU_1_6_ QUEST_out_data.csv   
  AU_1_ QUEST_out_data.csv   
  AU_2_ QUEST_out_data.csv   
  AU_3_ QUEST_out_data.csv   
  AU_4_ QUEST_out_data.csv   
  AU_5_ QUEST_out_data.csv   
  AU_6_ QUEST_out_data.csv   
  Top30_ Au _Samples.csv   
 Section 4.4.2     
  Cu Nodes QUEST_out_data.csv   
  Top 60 Cu Samples QUEST_out_data.csv  
 Section 4.4.3     
  Mo Nodes QUEST_out_data.csv   
  Top 60 Mo Nodes QUEST_out_data.csv  
Report Maps      
 Quest_CSIRO - Fig 1 Location.pdf   
 Quest_CSIRO - Fig 4_Kmeans.pdf   
 Quest_CSIRO - Fig 5_QError.pdf   
 Quest_CSIRO - Fig 6_GoldAnom.pdf   
 Quest_CSIRO - Fig 8_AuVSAg.pdf   
 Quest_CSIRO - Fig 10_CuVSNi.pdf   
 Quest_CSIRO - Fig 12_CuVSMo.pdf   
 Quest_CSIRO - Fig 14a_Au_1.pdf   
 Quest_CSIRO - Fig 14b_Au_2.pdf   
 Quest_CSIRO - Fig 14c_Au_3.pdf   
 Quest_CSIRO - Fig 14d_Au_4.pdf   
 Quest_CSIRO - Fig 14e_Au_5.pdf   
 Quest_CSIRO - Fig 14f_Au_6.pdf   
 Quest_CSIRO - Fig 15_Top30Au.pdf   
 Quest_CSIRO - Fig 17_Cu.pdf    
 Quest_CSIRO - Fig 18_Top60Cu.pdf   
 Quest_CSIRO - Fig 20_Mo.pdf    
 Quest_CSIRO - Fig 21_Top60Mo.pdf   
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APPENDIX 4: Box and Whisker Plots of the 20 K-Means Classes 
Based on the Nodes of the Self Organized Map 

 

 

 

 

 

 

Cluster #1 

Cluster #2 

 

Cluster #3 

Cluster #4 
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Cluster #5 

 

Cluster #6 

 

Cluster #7 

 

Cluster #8 
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Cluster #13 
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Cluster #17 
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