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Introduction

In an earlier report on the QUEST Project stream and lake sediment geochemistry [1], we
presented the idea of using a neural network to model the geochemistry in areas where the
geology is known from outcrop mapping, and then to apply this model to infer the bedrock
geology in non-outcropping areas. The resulting inferred geology, wherever geochemistry
was known, was almost identical to mapped geology in areas of outcrop, and blended well
with mapped geology along the margins, where there was no geochemistry. These results
show that geochemistry combined with neural networks can provide a powerful tool for
mapping bedrock geology concealed by a veneer of glacial overburden in the QUEST project
area.

The results have been reviewed by geologists at the BC Geological Survey, and have
generally been found to hold up well in the light of their surface mapping. In a few places,
however, there were some obvious discrepancies, where the inferred bedrock geology con-
flicted with the known surface geology. One of these places, for example, was in the north-
centre of the QUEST Project area, midway between Fort St James and Prince George (see
Figure 4). In this place, the neural network appears to be confusing the presence of Triassic
to Jurassic age Takla Group rocks with older Mississipian to Jurassic age Cache Creek rocks
(see legend on Page 8).

To understand how the neural network is making its predictions, we therefore decided to
examine the distributions of the 42 leveled elements for each of the 48 principal formations
that outcrop in the QUEST Project area. The results are shown as a set of classical “box
and whisker” plots, as explained in the next section.
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Box plots

The plots on Pages 13–36 give summary statistics of the distributions of 42 geochemical
elements over each of the 48 principal formations. Consider, for example, the Endako Group
shown on Page 14 and reproduced here in Figure 1. Each column comprises a vertical box
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Figure 1: Plot showing the distributions of the various elements for the Endako Group.

and whisker plot of the distribution of the assays for a given element over the formation
in question. The box consists of values lying between the lower and upper quartiles of the
distribution. It is shaded red or blue depending on whether the median, indicated by a
central divider within the box, lies above or below the median for that element over the
region as a whole. The whiskers, marked below and above the box, extend from the 5th
to the 95th percentiles which, in view of outliers, are more informative than minimum and
maximum.

Assay values for the various elements typically occupy very different ranges. If each box
and whisker diagram were plotted using the same units for all elements, it would be unclear
which elements were elevated, and which depressed, relative to their background values. To
solve this problem, the units for each vertical column have been transformed independently
by applying the inverse cumulative distribution function of the regional population for the
element in question. The resulting dimensionless numbers between 0 and 100, as percents,
can then all be plotted on a common vertical scale for each element. In Figure 1, for
example, the median value for Ti falls just above 75. This means that the median for Ti,
within the Endako Group, lies in the upper quartile for Ti over the region as a whole,
implying that Ti is significantly elevated for this formation.
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The region used to determine the background distribution was the full geologic map
of Figure 4, excluding the pale yellow areas representing the overburden. The relevant
percentiles for this background distribution of the various elements are shown in Table 1.
The rows of this table can be used, for the various elements, to translate ordinates such as
25, 50, 75 into actual abundances.

Conclusions

Careful examination of these box and whisker plots reveals that the majority of the 48
geological formations have distinctive geochemical distributions. Since the neural network
also takes account of the full multivariate statistics of the 42 elements, it should have
little difficulty distinguishing most of these formations. However, a few of the plots are
remarkably similar. Two of these happen to be the Nicola and Takla Groups, shown at
the top of Page 19, and the Cache Creek Complex, shown at the bottom of Page 20, and
reproduced here in Figure 2. It would not be surprising if the neural network had difficulty
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Figure 2: Comparison of the distributions of the various elements for the Nicola and Takla
Groups and the Cache Creek Complex.

separating these formations. Geological knowledge and understanding may therefore be
required to assess the inferred bedrock geology map in places where the neural network is
predicting one or other of these two formations.

It is not the intention of this short note to analyze each of the 48 principal formations in
the QUEST Project area in detail. The observant reader will, however, notice other groups

3 of 37

Addendum #1 to Geoscience BC Report 2009-3



that have similar geochemistry. The late Cretaceous to early Jurassic Kootenay Group and
Fernie Formation, for example, closely resemble the Triassic Spray River Group, as shown
below in Figure 3. Despite the spread in ages, these different geological formations consist
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Figure 3: Comparison of the distributions of the various elements for the Kootenay Group
and the Spray River Group.

of limestones, shales and sandstones, which were probably derived from the same, older
source rocks and deposited under much the same sedimentary conditions.
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Figure 4: Surficial geological map of the QUEST project area, showing a few of the towns.
The pale yellow areas represent the Quaternary overburden. The outline of the airborne
gravity and electromagnetic surveys is marked in black. The map projection is UTM Zone
10 in NAD83.
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5% 25% 50% 75% 95%
Ag 0.0212 0.0358 0.0497 0.0715 0.1751 ppm
Al 0.4464 0.8661 1.0408 1.2265 1.6445 pct
As 1.0652 3.3137 5.8523 9.4393 21.665 ppm
Au 1.7810 1.9865 2.2241 2.9216 5.2829 ppb
Ba 411.53 578.46 722.50 876.89 1170.0 ppm
Bi 0.0334 0.0558 0.0799 0.1259 0.2346 ppm
Br 1.4685 3.0673 4.8566 7.5653 13.445 ppm
Ca 0.1975 0.4086 0.5780 0.8104 1.9238 pct
Cd 0.0701 0.1161 0.1650 0.2676 0.7601 ppm
Ce 25.940 39.912 52.570 93.917 216.22 ppm
Co 6.4368 10.559 14.501 19.138 29.210 ppm
Cr 49.221 68.821 93.620 141.70 272.06 ppm
Cs 1.4297 1.7710 2.2974 3.0417 4.4629 ppm
Cu 8.5960 13.636 18.430 26.170 43.554 ppm
Fe 1.6730 3.0109 3.8508 4.7122 6.3217 pct
Ga 1.7424 3.2248 3.7379 4.2376 5.2424 ppm
Hf 2.9079 4.2196 6.2628 10.000 18.806 ppm
Hg 9.7015 15.254 21.860 35.362 65.730 ppb
K 0.0265 0.0435 0.0592 0.0791 0.1362 pct
La 15.428 21.689 27.143 41.522 77.704 ppm
Lu 0.1831 0.2357 0.3263 0.4526 0.7193 ppm
Mg 0.2080 0.3725 0.4787 0.6417 1.3334 pct
Mn 230.14 477.81 699.60 1034.5 1934.8 ppm
Mo 0.3947 0.6700 0.9924 1.5663 3.7627 ppm
Na 0.2872 0.8467 1.2836 1.7251 2.2413 pct
Ni 8.6300 16.561 24.500 42.077 100.05 ppm
P 0.0484 0.0610 0.0708 0.0872 0.1336 pct
Pb 4.1498 5.3856 6.7746 10.074 16.617 ppm
Rb 27.643 39.884 52.214 71.983 109.13 ppm
S 0.0127 0.0174 0.0246 0.0390 0.0747 pct
Sb 0.1888 0.4066 0.6043 0.8881 1.6510 ppm
Sc 5.9939 10.471 13.695 17.061 24.502 ppm
Se 0.1478 0.2778 0.4458 0.7650 1.7014 ppm
Sm 2.6522 4.1519 5.3883 8.2262 18.541 ppm
Sr 12.621 24.319 35.785 49.469 96.237 ppm
Tb 0.5225 0.6438 0.8384 1.2996 3.3183 ppm
Th 2.2607 3.9374 5.9132 13.700 31.815 ppm
Ti 0.0012 0.0136 0.0486 0.0814 0.2115 pct
Tl 0.0328 0.0466 0.0636 0.0866 0.1405 ppm
U 1.0246 1.7574 2.5305 3.7660 7.6317 ppm
V 12.096 26.312 49.643 65.940 99.243 ppm
Zn 41.389 54.190 63.085 75.104 106.30 ppm

Table 1: Table showing percentiles of the distributions of 42 elements over the region of the
geologic map of Figure 4 that excludes the pale yellow areas representing the overburden.
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