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The problem

The Quest geochemical data release comprises
15000+ samples, Lake and Stream sediments,
collected in a varied background of different
rock packages, glacial and fluvial overburden.

42 different elements have been analyzed and
reported upon.

How does one summarize this data, and identify
more than the most obvious of anomalies, using
the full information content of the data.
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SOM: Self Organizing Maps

Wikipedia says...

A self-organizing map (SOM) ... is a type of artificial neural network
that is trained using unsupervised learning to produce a low-
dimensional (typically two-dimensional), discretized representation
of the input space of the training samples, called a map.

SOM forms a ... map where similar samples are mapped close
together and dissimilar apart.

SOM may be considered a nonlinear generalization of principal
components analysis (PCA)

It has been shown, using both artificial and real geophysical data,
that SOM has many advantages over the conventional feature
extraction methods such as Empirical Orthogonal Functions (EOF)
or PCA
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SOM analysis process

Start with the data F" A N T

Use best summary .

data: levelled grids 4
prepared by Barnett
and Williams (GBC

report 2009-3)

Extract a value for each
element for each
sample site

This produces 15000+
sample sites with 42
elements for each site.

note: this I1s not the
original raw data
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SOM analysis process
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SOM analysis process

Note that the U-matrix was
mapped onto a toroidal
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SOM analysis process

A geochemical value for each BMU can be calculated using the average
of all the samples mapped to it.

These values are used to cluster the BMUs into classes using K-means

L-matrix Color code

U-matrix with selected components only SOM 18-Apr-2009
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The map of K-

means clusters
shows samples
that are similar

)

Note clustering
was done on the
BMU values, not
the samples

GBC Map:

2009 _14 01 _Kmeans.pdf
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SOM analysis process
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Each data point is mapped to
a Best Matching Unit (BMU)
by the SOM algorithm. This
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The map is not perfect, each

sample's 42 vector coordinate
Is a little different from that of

the BMU.
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Samples with a high Q-Error
are unusual, and may be

mineralized.
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SOM analysis process

Quantization error is calculated for each sample when it is mapped to a Best
Matching Unit (BMU) on the SOM U-matrix.

In this example note that the samples down-stream from Gibraltar
mine have a high Q-Error. This indicates they are atypical
geochemical samples — i.e. they are anomalous.

Quantization Error
Value Breakdown

Extracted from GBC map 2009 14 02_QError.pdf P e
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U-matrix component plots

The elemental values for
each BMU can be shown on
the U-matrix. This illustrates
the elemental associations of

samples that report to each
BMU.
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Targeting gold:

s are identified as

Six groups of BMU

anomalous in gold

and then

's are selected,

These BMU

plotted on a map.
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Gold anomalism:

All samples are normalized by their
standard deviation from the norm of
the BMU they map to. Samples of

@ high interest will be anomalous

samples from BMUs in K-means

clusters with higher than average
gold, or samples with a high Q-

& eIrrofr.

Note that BMUs with low gold values

will still contain highly anomalous
samples! Anomalous samples in
clusters with little gold probably
Arepresent low, but locally anomalous

.ivalues of gold and are unlikely to be
economic gold targets.
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Gold Anomalism
Value Breakdown
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Gold:
A comparison of cluster normalized anomalism with the original levelled gold values

s1¢]

Q

¥
g
b

of

1
o
%

GO

=5
N i :
° SAs” %%--;
PINCHIT RKE
Q

Gedscience BCOC




Gold:
A comparison of cluster normalized anomalism with K-means cluster classes

Note that samples normalized by their cluster
averages identify areas of anomalous sample
sites that cross K-means cluster boundaries.
Differences between stream and lake samples
are minimized.

et
N 88
¢ oAy’ 000@3
PINGHITRKE

(=]

\

Gedscience BCOC




Make your own maps using the digital data!

s\ /S

| & [ s [ ¢ [ o | e | & | & [ w [ v | 3 [ kv | v [ ™ | n |
Easting MNorthing somx
301918 5946149 904 11 429 301918 6546145 089 018 157 137 293
302058 5943340 868 11 1208 302058 5943340 077 013 2.1 2 286 293
302631 5945658 903 12 453 302631 5945658 089 016 15% 148 289
302635 5929077 431 17 204 302635 6928077 -1.09 005 048 031 281

302718 5967570 973 12 231 302718 5967670 109 007 137 06 292
303030 5965795 8938 12 326 303030 5965795 -119 006 13 101 296
303131 59565448 a7% 12 21 303131 5965448 117 007 094 034 294
303131 5955449 975 12 21 303131 5955448 117 007 084 034 294
303131 5955449 975 12 21 303131 55558445 117 0.07 054 034 2954

Levelled data

WL used as input,

coordinates 42 elements

Log(10) values
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Caveats

This Is not magic - it is statistics.... be careful of implying too
much.

The data is stream and lake geochemistry, look at the map
to see what the local situation is. Don't give up the basics of
geochemical interpretation.

Where is the drainage coming from?
Is the sample contaminated by a local source?

Is the anomaly real? Do you see it in the raw data now you
have been directed to it by the SOM analysis?

[remember normalization makes small numbers

big!]

e o
Gedscience BCOC




Thank you and good luck!
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