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Figure 3.9. Copper residual map with Cu mineral occurrences .
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Figure 3.10. Zinc residual map with Zn mineral occurrences .
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Figure 3-11. Copper within catchments A) raw data, B) predicted values.
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Figure 3-12. Residual copper within catchments.
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4 Comparison of the Stream Water and the Balsam Fir Twig Surveys

4.1 Introduction

It has been shown in the previous section that bedrock geology, the pH of the water
and Fe and Mn oxides and hydroxides play a significant role in controlling the geochemistry
of stream water and that data from stream water can be helpful to locate mineral anomalies.
Like stream water surveys, vegetation surveys can be an effective tool used in mineral
exploration (Dunn et al., 1991). During sample collection balsam fir twig samples were
collected in conjunction with the stream water sampling for the purpose of comparing the two
techniques. In.this section GIS and spatial statistics are uséd to compare these two sample
media to determine if they reflect similar areas of anomalously high concentrations which
may suggest mineralization. It is possible to simply use X-Y plots to compare the points, but
because not all stream water and balsam fir twig sample points spatially coincide the GIS
method is better suited for this study.

In order to be able to compare the two data sets the point sample locations must be
converted to surface representations. Two different approaches were used to represent the
data as a gridded surface. The first method involves the interpolation from observation
points to grid points using an inverse distance weighting technique (contouring) with a
circular zone of influence of constant radius in both the surveys. In the second approach the

stream water is represented using catchment basins (as in Chapter 3) and the twig samples
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using an inverse distance weighting technique in an attempt to more accurately represent the

zone of influence of both data sets.

4.2 Methodology

Various approaches for comparing two geochemical data sets were considered.
Scatter plots and correlation coefficients calculated between the two sets of gridded values
(such as Zn — water and Zn — twigs) showed little apparent correlation. It seemed reasonable,
however, that there might be spatial correlations present where the maps from both media
were anomalously high. Therefore the continuous gridded values were converted to binary
form (anomalous versus background) for each map, and the two binary maps were compared.

The metallic elements of the stream water and the balsam fir twig geochemical
surveys were compared using Yule’s coefficient (Equation 4-1), a technique described by
Bonham-Carter (1994, Ch. 8). Yule’s coefficient is used to compare binary (or indicator)
variables, in this case binary map patterns referred to as class 1 and class 2. The coefficient
1s similar to a product-moment correlation coefficient, in that it has values ranging from -1 to
1, with —1 meaning complete inverse correlation, 0 meaning no correlation, and 1 showing
complete correlation. This coefficient is more useful than a Pearson’s correlation coefficient
(or rank coefficient) in comparing mineral exploration data because it focuses on the
comparison of high or anomalous values as opposed to the whole range of variation in each
variable. Two problems must be dealt with ﬁrét: (1) interpolation to a continuous surface for

each variable, and (2) selection of a threshold for creating indicator (binary) variables. -
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Instead of picking a single threshold value, a range of thresholds were used to compare the
two sample sets.

In the first attempt to compare the two surveys the point data sets were converted to a
surface using an inverse distance weighting technique. When the surfaces were created a
radius of 2 km was chosen as the zone of influence for each point (Figures 4-1a and 4-1b).
The surfaces were then contoured using a 7-class percentile scheme (<25%, 25® — 50", 50® —

75%, 75" —90®, 90" — 95™ 95% — 98™ 98% _ 99t and 99%). In the GIS, an area cross-

‘JTn/T 21 "\[T12/T 22
ATl T+ Tid T,

Yule’s Coefficient =

Where:
T,,= Area where map A= class 1 and map B=class 1.

T,,= Area where map A= class 1 and map B= class 2.
T,,= Area where map A= class 2 and map B= class 1.
T,,= Area where map A= class 2 and map B= class 2.

Equation 4-1. Equation for Yule’s coefficient.

tabulation between the two maps (each with 7 classes) was created, summarizing the areas of
overlap for each of the percentiles (Figure 4-2). The resulting areas from the unique
conditions map were then used in the formula for Yule’s coefficient. The highest coefficient
above the 75th percentile was then used as the point where the two maps were most similar
and this value was used as a cutoff point .to produce binary maps. In the binary maps, class 1
1s equal to the area above the cutoff and classA 0 is equal to area less than the cutoff. These

two maps were then overlain to show the areas of overlap between the two data sets, as
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demonstrated in Figure 4-3. The final cutoff point or the threshold is the point where the two
maps are most similar. Above this point, at higher percentile, the coefficient decreases
demonstrating that the area of overlap is reduced.

In the second experiment a more representative zone of influence was used for the
water data in an attempt to reduce the error caused by interpolation process. In this
experiment the catchment basin for each of the sample points was used as the zone of
influence. The surface for the balsam fir twig survey was again interpolated using inverse
distance weighting, however, this time the zone of influence was decreased to 1 km. As in
the first experiment these surfaces were classified according to a percentile scheme and a
unique conditions map was created for the overlay of the two geochemical surveys. Yule’s
coefficient was then calculated for these areas and a map showing the similarities was

created.

4.3 Results and Discussion

In the first attempt to compare the two surveys the Yule’s coefficient generally
demonstrated that the two surveys were comparable for 9 of the 15 elements. Elements such
as Al, Ba, Co, Cr, Fe, Mn, Pb, Sr and Zn had comparable higher percentile areas in both
surveys indicated by Yule’s coefficient that ranged from 0.48 for Sr to 0.92 for Zn (Table 4.1,
Appendix F). The highest Yule’s coefficient above the 75" percentile for both of the surveys
was chosen as the cutoff point, the point where the two surveys were most similar, and these

areas were used in the binary map comparison (Table 4.1). Figure 4.1 illustrates how these
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area maps can be converted using the percentile cutoff point and overlain to show the overlap
between the two surveys. The resulting map shows four areas; 1) areas where neither of the
map patterns are present, 2) areas where map 1 is present and map 2 is absent, 3) areas where
map 1 is absent and map 2 is present and 4) areas where both map patterns overlap.

In the case of zinc the highest Yule’s coefficient above the 75" percentile was at the
99* percentile for both the stream water map and the balsam fir map. Figure 4.1 illustrates
the two surface maps and the resulting map of the overlays. The resulting map of overlap
prcduced one small area, located in the central portion of the map on the shores of Bras d’Or

lake. Of significance, the Lime Hill zinc deposit is found within this area of overlap.

Percentiles From the Stream: Water Geochemical Swrvey

<255 | 25%% | S0°% | 75°% | 90°% | 95°% | 98°%

B <25%% | 02384 | -0.1587 | -0.1289 | 00277 | 0.9584 | 0041 | 0.8495
7% T25%% | 0.2629 | -0.1929 | -0.0978 | 0.2145 | 0.9748 | 0.964 | 0.9063
% § [50%% [ -01477 | -0.1629 | -0.0383 | 02325 | 04547 | 03712 | 0.6447
Ta; A [T75%% | 0.0493 | -0.1124 | -0.0084 | 02568 | 0.5154 | 04388 | 0.7585
G & | 90%% | 01064 | -0.0613 | 0.0577 | 0374 | 05756 | 0.6682 | 0.8893
EE [95%% | 02181 | -0.022 | 0.0954 | 0.4334 | 0.6165 | 0.7043 | 09172
5 98%% | 0.2838 | 0.0107 | 0.1252 | 0.4621 | 0.6395 | 0.7238 | 0.9224

Table 4-1. Yule’s coefficient for Zn calculated from percentiles for the stream water and
balsam fir twig surveys. Zn is representative of elements that were comparable in both

datasets.
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The Yule’s coefficient for elements As, Mg, Sb and Cu show that these elements are
poorly to negatively correlated (Appendix E). Table 4.2 demonstrates that the Yule’s
coefficient for Mg is an example 6f the elements that do not compare between the two
surveys. The values for Yule’s coefficient range from 9 for Cu to —0.8 for As. The poor
correlation of the surveys for elements As and Sb is may be- due to the fact that thes¢
elements are non-essential in plant life (Dunn and Balma, 1997). In particular, As can be
toxic to the plants (Dunn and Balma, 1997) and therefore may not be absorbed by the plant or
transported to the twigs. Comparison of the geochemistry and pH of the stream demonstrates
that the highest concentrations of Mg and Cu are found in the more basic stream water
whereas for the balsam fir twigs the highest concentrations are found in more acidic areas.
This inverse relationship suggests that the distribution of these elements may be due to a pH

dependent control on the ability of the balsam fir to uptake these elements.



Zn in stream water Percentiles ppm
100%,.2.82

1252
1235
12,17
11.99

11.73
--1.49

10.23

A)

. : Percentiles ppm
Zn in balsam fir twigs 100% 265203

1 2482.37
L 2425.05

1 2319.22
1 2223.98

1 2075.10

--192357
11801.25

.1474.88

B)

Figure 4-1. A) Interpolated surface for Zn in the stream water geochemical survey.
B) Interpolated surface for Zn in the balsam fir twig survey. Area overlap for the
99th percentiles from the stream water and balsam fir twig surveys.
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Map A Map A
100% 100%
1 ! 99%
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2 ST I 2
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Figure 4-2. Diagram to show scheme for calculating Yule's coefficient for binary
maps. The 99" percentile from Map A was first selected as a binary threshold in
both maps, and Yule's coefficient calculated from the overlay areas. Then the
99" for Map A with 98" for Map B, 99" for map A with 95" for Map B, ... etc.
Then the process was repeated for the 98%, 95%, 90%, 75%, 50°, 25" and less than
the 25”. The results are then summarized as a table, e.g. Table 4.1.

L

Overlay of Water and Twig Map
Sl No Cveriap

N Water Map >99%

s Twig Map>99%

S Overiap of Water and Twig Map

Figure 4-3. Area overlap for the 99th percentiles from the stream water and the
balsam fir twig surveys.
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Percentiles From the Stream Water Geochemical Survey

| <2559 T25%% | 50°% | 75°% | 90°% | 95°% | 95%
= [<25%% | 0.0283 | 01694 | 0.1592 | 0.0629 | 0.0152 | -0.003 | 0.0013
& |T25%% | 00244 | 0.1054 | 0.1084 | 0.0444 | 0.0203 | 0.0044 | 0.02
;:E‘ g T50%% | -0.0627 | -0.0098 | -0.0698 |-0.1979 | -0.1041 | -0.0772 | -0.0611
E 2 [ 75°% | -0.1389 | 0.1545 | -02165 |-0.1285 | -0.0493 | -0.0236 | -0.0097
E% [ 90%%% | -0.0885 | -02825 | -0.1834 |-0.1691 | -0.0604 | -0.036 | -0.0229
5 i 955 | -0.101 | -0.3074 | -0.1458 |-0.0649| 0.0508 | 0.0748 | 0.0877
& | 98%% [ -0.0972 | -0.3141 | -0.1884

Table 4-2. Yule’s coefficient for Mg calculated from percentiles for the stream water and
balsam fir twig surveys.

In the second attempt to show similarities between the two data sets catchment basins

were used to represent the zone of influence for the stream water and a smaller radius was

used to interpolate the grid for the balsam fir twig survey. This was done in an attempt to

more closely represent the zone of influence for both sample sets. The results from this test

are tabulated in Appendix E. Yule’s coefficients calculated for this test show that for all

elements, except for Fe, Mn and Al, the two surveys are poorly correlated. An example,

using Zn, of the Yule’s coefficients determined using this method are shown in Table 4.3. In

general, Yule’s coefficients for Zn are negative or close to O indicating that the area

containing higher percentile Zn concentrations are not similar in the two surveys.
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~ Percentiles From the Stream-Water Geochemical Survey

[T W] S0 TSR 0% 95 08
<255, -02366| -0.1326| -0.0371] -0.0158] -0.142] -0.0508] 0.1313
25595 0.1373| -0.0675| 0.0023| -0.0381| -0.1308| -0.1168]  0.106
50%%%| 0.0844] -0.0137| 0.1016] 0.0989] 0.0204| 0.0268]  0.018
755%| 02929 0.0514] 0.112| -0.0357 -0.4697| -0.6651] -0.6085
G0%%| 04395 -0.0107| 0.1315| -0.4668| -0.5265| -0.4289] -03485
G555 0.705|  0.0768| -0.0306] -03481| 04095 -02989] 02104
98°% 0.1829| -0.3572| -0.1657] -0.0407] _ 0.0539

Percentiles from the Balsam
Fir Twig Suryey

Table 4-3. Yule’s coefficient for Zn calculated from percentiles for the stream water and
balsam fir twig surveys, where the zone of influence for the stream water is the catchment
basins and is smaller than the first attempt for the balsam fir twigs.

Results for elements Fe, Mn and Al can be seen in Tables 4.4, 4.5 and 4.6
respectively. The Yule’s coefficient for these elements range from 0.5972 for Fe to 0.361 for
Al. As discussed previously, linear regression demonstrated that the variance explained by
pH was higher for these elements than all other- elements (Section 3.3.2). Fe, Mn and Al
quickly form oxides and hydroxides when they are dissolved in water and are therefore
quickly removed from solution (Drever, 1997) thus the deposition of these molecules is close
to the source of input. Other metallic elements analyzed in this study are not as unstable as
Fe, Mn and Al and can remain in solution for longer periods of time and therefore can be
transported further away from their source of input. The soils in which the balsam fir twigs
obtain their nutrients are comprised of these oxides and hydroxides and because of this they

are not transported far from their source. Elements Fe, Mn and Al in the balsam fir twigs
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therefore more closely represent the nearby influence of the underlying bedrock geology.
The geochemistry of the stream water samples also reflects the dominant lithology (input)
within catchment basins. For these reasons the upper percentiles of Fe, Mn and Al for the
catchment basins and the smaller zone of influence for the balsam fir twig surveys are
correlated. With weathering of the soils the elements which are more stable in solution are
transported further from their source and their concentrations are not reflected in the balsam
fir survey with the smaller zone of influence. These elements therefore show a poor

correlation between the stream water and the balsam fir twig surveys.

Percentiles From the Stream Water Geochemical Survey -

| <25P%E[ 255 SOR| 7P 9G0P  95%%%|  98%
<25"%| 0.5109| 0.5368] 0.4105| 0.5327 0.4359]  0.9283 0.9277
= 25%%|  0.3418] 0.2997| 02755 0.35| 0.4378] 0.7456] 0.7434
50"%| 0.1789] 0.1538{ 0.1999{ 0.3036; 0.2573] 0.3143| 0.3063
75"%| 0.2851| 0.1924] 0.3342 0.35 0.2027{ 0.3056] 0.3118
90"% 0.3263| 0.2924] 0.4838| 04752 -0.1716{ -0.0849 -0.08
95%% 0.5958] 0.5814| 0.4795
98%% 0.7015| 0.5972

Percentiles from the Balsam
Fir Twig Survey

Table 4-4. Yule’s coefficient for Fe calculated from percentiles for the stream water and
balsam fir twig surveys, where the zone of influence for the stream water is the catchment
basins and is much smaller for the balsam fir twigs.
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- Percentiles From the Stream Water Geochemical Survey
: <25%%| = 25%%|  50"%| -~ 75%%| 90"%| 95%%| 98%%
fi<2}-_5“’.% 0.1063| 0.1166] 0.0874] 0.0497] -0.0784] -0.067] -0.067

E; - [ 25%%] 0.1279] 0.1237| 0.1282| 0.0335| -0.1292| -0.1295| -0.1295
E g 50%%| 0.1389] 0.1506] 0.1784] 01198 -0.0063] -0.0111] 00111
£ % 7% 0.1682] 02058| 0.0875| 0.1138 -0.0882| -0.0897] -0.0897
E% 90"%| 0.3869] 0.3568| 0.1385| 0.1727| 0.0486] 0.0546{ 0.0546
g = 955 0.6123| 0.5436] 04762 0.3028] 0.3083| 0.3083
A | 98%% 0.4448] 0.5985] 0.6928

Table 4-5. Yule’s coefficient for Mn calculated from percentiles for the stream water and
balsam fir twig surveys, where the zone of influence for the stream water is the catchment
basins and is much smaller for the balsam fir twigs.

Percentiles From the Stream Water Geochemical S'urvey o
255 255 S0%| 75| 90°| | O5%| 98°%
< 25%%| 0.3765| 0.1911 0.1816 0.1812 C.O766 -9.9999 -9.9999

25%%| 0.2247| 0.1193] 0.033| 0.0522 -0.0618] 0.4763| 0.3905

50"%| 0.0893| 0.1453] 0.0943| -0.0405| 0.0293| 0.5634| 0.4675

75%%| 0.6182| 0.3207{ 0.2488| 0.0658] 0.3228| 0.7364| 0.667

90"%| 0.5298] 0.3622] 0.2786{ -0.0839| 0.3085] 0.6585| 0.7361

95%%| 0.4468| 0.2559| 0.1796{ -0.2752| 0.1047 0.458] 0.5302

Percentiles from the
Balsam Fir Twig Survey

Table 4-6. Yule’s coefficient for Al calculated from percentiles for the stream water and
balsam fir twig surveys, where the zone of influence for the stream water is the catchment
basins and is much smaller for the balsam fir twigs.
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The fact that the results of these two tests are very different show that the zone of
influence for each sample in each of the surveys is important as to whether the surveys can be
compared. The first attempt demonstrated that the two surveys were similar and that physical
processes affecting the availability of some elements controlled the similarities between the
two surveys. In the second attempt a smaller zone of influence was chosen to represent the
balsam fir twig survey. In this test the results show the two surveys are not similar except for
eler;ients Fe, Mn and Al. This suggests that most of the elements are being removed from the
area from which the balsam fir twigs obtain their nutrients and therefore do not reflect the
geochemistry of the bedrock geology closest to the sample sites. Another possible source of
error in the calculation of Yule’s coefficient in the second test may lie in the fact that the
areas of comparison from the two surveys are not similar. The catchment basin, used for the
stream water geochemistry is the upstream portion and the zone of influence for the balsam
fir twig survey is a circle radiating from the sample point. This would produce more areas
where the two surveys do not overlap and thus alter the value of Yule’s coefficient. In
conclusion these results show the method of using Yule’s coefficient to compare the
geochemistry of balsam fir twigs to geochemistry of stream water is highly dependent on the

element analyzed and the zone of influence chosen to represent the sample.
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5 Mineral Potential Mapping

5.1 Introduction

Linear regression from the section 3.3 was used to remove factors such as lithology,
pH, and Fe and Mn oxides to isolate catchment basins with anomalous Zn and Cu
concentrations. These results were then used to produce maps of residuals showing the
catchment basins with anomalous values that are potentially due to mineralization. While
regression was useful in determining the sources of variation of Zn and Cu in stream water, a
weights of evidence technique (with the GIS) in ArcView is used in this section to examine
the location of the mineral deposits in relation to the geology and the geochemical maps. In
addition, the maps of residuals determined using linear regression were incorporated into the
weights of evidence approach to evaluate whether the removal of background effects
improves the probability of locating mineral occurrences.

The weights of evidence technique requires a set of points representing mineral
occurrences in order to calculate the Vprobabilities of occurrence. Copper was chosen as the
element to produce a mineral potential map, as there are over 30 Cu occurrences in the study
area, 11 of which are found within the catchment basins. In weights of evidence, the spatial
association of an explanatory variable (also known as “evidential themes”) in binary form can
be measured by using the “contrast”, C (to be introduced in the next section). The contrast
can be used to test whether the copper in the water map (observed values) is a better or worse
predictor of the known Cu occurrences than the copper in the residual map. The map of

residuals represents the anomalous copper concentrations that may be due to mineralization
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and may have a higher probability of a mineral occurrence than the map of catchments for
copper percentiles based on the “raw” data and may be used as an evidential theme to predict
mineral potential. Other evidential themes used to model mineral potential are the

underlying bedrock geology and proximity of occurrences to faults in the study area.

5.2 Weights of Evidence

Weights of evidence is a quantitative method to combine spatial data in order to
describe and analyze interactions between the data, and to make predictive models (Raines et
al., 1999). Originally developed for non-spatial medical diagnosis, the method was adapted
into a spatial technique for mineral potential mapping (Bonham-Carter, et al., 1988).
Weights of evidence evaluates the spatial distribution of known mineral deposits, the
response variable, with respect to .multi- or binary-class maps, the explanatory variables. For
each explanatory variable, a set of weights is calculated (one for each “class” value on the
map). By assuming conditional independence, several explanatory variables maybe
combined to calculate a favourability map (Bonham-Carter et al., 1989). The explanatory
variables, in this case the bedrock geology, the stream water geochemistry, and proximity to
faults are combined using a log linear form of Bayes rule in a multi-map overlay. The prior
probability, probability of an occurrence given no information, is updated by the addition of
explanatory variables and their weights to produce a posterior probability map of occurrence,
which is used as a mineral potential map (Bonham-Carter et al., 1989). A conceptual model

is used to guide the selection of suitable explanatory variables. The conceptual model in
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mineral potential ;napping is an exploration model, often embodying deposit model
characteristics, where they can be observed on regional data sets.

An important assumption made in weights of evidence modeling is that each of the
explanatory variables are conditionally independent of one another with respect to the
mineral deposit data (Bonham-Carter, 1994). In practice, conditional independence is
violated to some degree in most situations (Bonham-Carter, 1991). Because of the
assumption of conditional independence the model does not perfectly fit the data, but
provides a simpliﬁcatio.n. The conditional independence can be checked statistically to
determine which layers violate this assumption and may be removed or modified before

being used in the final version of the model.

5.3 Methodology

The weights of evidence method can be divided into two main steps, the preparation
of the data and the i_mplementation. of the modeling. The first step involves the calculation of
the weights of spatial association between the response variable (location of selected mineral
occurrences) and the explanatory variables, multi-class maps representing geological
phenomena such as bedrock geology or stream water geochemistry. The explanatory maps
are often generated by reclassification of the multi-class maps to binary form using the
weights as a guide. The second step uses the loglinear form of Bayes rule to integrate these

explanatory variables in a multi-class overlay to produce a map of mineral potential.
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The generation of the weights in the first step involves a combination of GIS analysis
and Bayesian statistics. In order to calculate the weights for each class in each of the maps
the GIS determines the total area of each class and the number of mineral occurrences within
each class. The results from this analysis characterize the spatial attributes of the response
and explanatory variables and are used to determine a pair of weights for each predictor map
class. The value of the weights is approximately equal to the natural logarithm of the
“normalized” density, or the proportion of the total number of deposits on the class divided
by the proportion of the total study area occupied by the map class which represents the ratio
of areal proportions of each map class to the total map area (Bonham-Carter, 1991). In these
calculations each map class in the multi-class maps is treated as a binary pattern and the
mineral deposits are considered to be in binary form, either present or absent. Each deposit is
assumed to occupy a small (arbitrary) unit area (unit cell), and all area measurements are
expressed in unit cells. The combination of the binary predictor maps (B) and the binary
deposit map (D) produces four possible spatial overlap relationships (Figure 5.1). From the
four possible spatial overlap relationships four conditional probabilities can be estimated
using area ratios (Equation 5.1). Using these conditional probabilities the weights for each of
the classes can be calculated as log ratios, as in Equation 5.2. A positive value of a weight
indicates that more deposits occur within a map class than would be expected by chance,
whereas a negative weight indicates the opposite situation. The difference between the
weights (for binary maps) produces a coefficient of contrast (C), which is a measure of the

strength of the spatial association between the deposits and map classes. Bayes’ rule is used
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in the second step to combine the weights from 2 or more explanatory variables to produce a
map of mineral potential. By adding more explanatory information the probability of a
mineral occurrence is modified by increasing or decreasing the posterior probability
according to the information added. The explanatory variable (binary) is either present, at
which case W+ is added, or absent where W- is added, and if there is no data W = ©. Ifthe
presence of a predictor variable is positive the posterior probability is greater than #the prior
probability. These calculations are made for each unit cell on the map producing a map of
posterior probability. In the weights of evidence formulation probabilities are expressed in
terms of logits, the natural logarithms of odds, Equation 5.4.

The effectiveness of the posterior probability map is dependent on the corditional
independence of each of the predictor variables to one another with respect to the wesponse
variable and whether the explanatory variables are adequate sources of evidence to predict
occurrences. Conditional independence is always violated to some degree, but the d egree of
violation must be determined (Bonham-Carter, 1994). To calculate the de-gree of
independence a pairwise test of independence is used. This method determines the
conditional independence of all possible pairings of binary patterns using the chi—squared
statistic and compares this value to tabled values having one degree of freedom (B®onham-

Carter, 1994, ch. 9).



A =Map area
D = Mineral deposit distribution
= Mineral predictor pattern (explanatory variable)

1) Both patterns are present DNB
2) The deposit pattern is present and the predictor pattern is absent DNB

3) The deposit pattern is absent and the predictor pattern is present DNB
4) Both patterns are absent. DNB

Figure 5.1.Venn diagram showing the four possible spatial overlap relationships
used to calculate the weights.

N D _ NEBND
POIB) = (B(B) ) POB) - gy~ )

Ni D N D
P(DIB) = (B@ ) P(DIB) = ——(B(%) )

Equation 5.1. Conditional probability equations from the four mutually exclusive
overlap relationships. N () denotes areas as a count of unit cells.

P@B[D) W=1In P(B|D)

W=z g5) P@BID)

Equation 5.2. W' and W™ equations for binary explanatory variable. W~ refers to the

presence of B, W™ refers to the absence of B. A weight of zero is used if B is
unknown.
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The chi-squared statistic is calculated by comparing the observed and expected
number of deposits occurring within each overlap combination of the two binary maps. The
observed and expected values can be shown in a two-by-two contingency table (Table 5.1).
The observed number of deposits is the number of deposits with the overlap area of B1 and
B2. The expected number of deposits is the number of deposit in Bl multiplied by the
number in B2 divided by the total. The cutoff point for conditional independence assuming a
98% level of confidence (with one degree of freedom) is equal to 5.4 (Bonham-Carter, 1994,

ch. 9). Values less than 5.4 indicate that the pairwise conditional dependence is unlikely.



Probability of deposit (D) given evidence (B)

D
PODIB) = P(D) o 5:3a

Where P(D) = the prior probability, assumed to be the average density of known
deposits in the map area.

For two explanatory variables (evidence):
Probability of deposit (D) given evidence (B1) and (B2)

P(BINB2D) P(D)
P(BINB2D) P(D) P(BINB2D) P(D)

P(D|B1NB2) = 5.3b

Assuming condtional independence between B1 and B2 this can be rewritten as:

P(B1D) P(B2D) 5.3c
P(B1) P(B2)

P(D|B1INB2) = P(D)

Equation 5.3. Posterior probability formulas.

In ODIB1“ B2® .... B2™) = In O(D) 3 W®

Where:

O =the odds and is equal P/(1-P), where P = probability
D = the number of mineral deposits

j=1,2,3, ..,n is the number of explanatory variables.
B= the area of the j-th explanatory variable

W, = the weight of variable j

k(j) = the class of the j-th variable.

Equation 5.4. Posterior probability formula expressed in logits. Postenor logits can

be converted to probablity for ﬁnal mapping.
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B1 Present B1 Absent Totals
B2 Present | NB./NB,ND) N(B.NB,ND) | N(B,ND)

B2 Absent |N(B,NB,ND) N(B,NB,ND) | N(B,ND)

Totals N(B,ND) N(B,ND) N(D)

N(B,NB,ND) = the observed number of deposits occurring in the overlap region
between binary pattern 1 and 2. The predicted number is N(B,N D) * N(B,ND)

N(D)

Table 5.1. Contingency table for testing conditional independence, based on cells
containing a deposit only. B is the presence or absence of a binary pattern,

subscripts denote pattern 1 and 2. D is the presence of mineral deposits. The

four values within the table are either expected values assuming conditional
independence, calculated from marginal totals, or the observed values measured from
maps (Bonham-Carter, 1994).

2 Z“ (Observed; - Expected)’
x B i=1 (ExpeCted\')

Equation 5.5. Equation to calculate the chi-squared statistic. In this case n = 4,
and the number of degrees of freedom equal to (number of rows - 1) * (number of
columns-1)=2-1)*(2-1)=1.

71



72

5.4 Results

5.4.1 Geochemistry

The map of Cu concentrations within the catchment basins is used to represent the
spatial distribution of Cu in stream water. This map was classified to convert from ppm Cu
to a smaller number of intervals using a percentile scheme. Weights and contrast values for
Cu catchment basins associated with Cu occurrences were computed and are reported in
Table 5.2. No mineral occurrences were found in the 90® percentile or above for Cu in
stream water. Qualitatively this suggests that there is a poor relationship between Cu
occurrences and high dissolved concentrations of Cu in stream water represented by
catchment basins. This is further supported by the maximum value for the contrast (C),
which is —0.5043 at the 75" percentile and only 0.0156 at the 50® percentile. Using the
residual Cu in stream water calculated using linear regression (see pg. 37), the weight and
contrast values are reported in Table 5.3. In this case, 4 of the 14 occurrences are found in
the 90" and greater percentile and all 14 occurrences are found in the 50 or greater
percentile. This suggests that there may be a spatial association between the Cu occurrences
and the higher Cu residuals. The maximum value for C is 1.7795, occurring at the 95%
percentile. This indicates that the strongest correlation with occurrenceé for the residual map
is in catchments where the residual is greater than and including the 95® percentile.

In section 3.3.2 the residual maps for Cu and Zn were used to demonstrate that the use
of linear regression to remove the background effects on the geochemistry of stream water

can be an effective tool for locating mineral occurrences. The use of linear regression to
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remove the background effects can be further evaluated by comparing the C values for Cu in
stream water and for Cu residuals. The results show that the highest C value from Cu in
stream water is 0.0156 for the 50" percentile while the highest C value for the residuals of Cu
is 1.7795 for the 95" percentile. In addition, the probabilities of finding an occurrence within
higher percentile Cu concentrations in catchment basins are much higher for the residuals
than in the stream water (Figure 5.2). Results from the weights of evidence provides
additional support that the use of linear regression to remove the background effects is an
important element in using stream water geochemistry to locate mineral occurrences.

Based on the maximum C values determined using the Cu residuals the 95® percentile
was used as the cutoff point to reclassify this map to binary form. At this point the resulting
W* and W~ were 1.5834 and —0.1962 respectively giving a contrast of 1.7795. The residual
map was converted to binary form where the values greater than or equal to the 95%

percentile were equal to class 2 and values less than were classified as class 1.

Contrast vs. Percentiles

2.0 —&— Cu Residuals
1.5 —&— Cu ppm

1.0
0.5
0.0
-0.5
-1.0

Contrast

Percentiles of Cu

Figure 5-2. Comparison of contrast values calculated for various percentile cutoffs for Cu in
catchments, and the residuals for Cu in catchments.
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CLASS Cumulative {Cumulative W+ Std. W- Std. (W-) |C STUD
AREA Number of W+ C -
Km? Occurrences
99% 6.3 0
>.00160 ppm
98% 14.9 0
.00135464 -
.0016072 ppm
95% 29.1 0
.001058
.0013564 ppm
90% 60.7 0
.000916 -
.001058 ppm
75% 240.8 3 -0.3728 |.5810 0.1315 |.3046 -0.5043 -0.7688
.00067 -
.001058 ppm
50% 441.9 8 0.0067 |.3568 -0.0089 |.4119 0.0156 0.0287
.00046 -
.00067 ppm
25% 710.3 12 -0.0637 [.2911 0.5020 |.7177 -0.5658 -0.7304
.00046 -
.00067 ppm
<25% 778.4 14
<.00046 ppm
Missing  |2009.9 31

Table 5-2. Weights and contrasts for Cu (observed values) in stream water geochemistry at
successive cutoffs from the 99% downwards.

5.4.2 Regional Geology

As demonstrated earlier, bedrock geology can play a role in controlling the

distribution of element values in the stream water, particularly of certain elements in the

study area.

lithologic units than others.

It is also indicated that copper occurrences are more frequent in specific

important evidential theme in predicting mineral potential.

For these reasons the bedrock geology is considered an
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The reclassified geology map was represented as a multi-class grid. Table 5.4 shows
the weights calculated for the four reclassified bedrock units. In this table, the rows are not
cumulative, as they are for the geochemical themes. The highest contrast value is 1.654 for
the reclassified basement unit suggesting that this unit is correlated with the Cu occurrences.
This result directly supports the mineral deposit models discussed in section 1.5. It is knowﬁ
from previous studies that the basement rocks host strata-bound sulphide deposits. It should
be noted that the contrast for the Carboniferous Clastics and the Horton Group is negative,
suggesting that these units have fewer Cu mineral occurrences than would be expected by
chance. The Windsor Group has a contrast value of 0.3883 indicating that this unit contains

slightly more Cu mineral occurrences than expected due to chance.

5.4.3 Proximity to Faults

Mineral occurrences in the study area may be spatially associated with structural
faults and thus fault proximity was used as an evidential theme. The faults are represented as
linear features on the map throughout the study area. To be analyzed as an evidential theme
the faults were converted to a theme showing proximity to the nearest fault. To do this they
were buffered at 250 m spacings out to 5 km from the fault, producing a multi-class theme.
Table 5.5 shows the weights and contrasts of each cumulative buffer distance. It can be seen
that the largest contrast is equal to 0.6439 at 750 m, signifying that this distance has the
strongest correlation to Cu occurrences and is therefore used as the cutoff point for this

evidential theme.
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CLASS | Cumulative | Cumulative W+ Std W- Std CONTRAST| STUD_C
AREA Number of (W+) W-)
Km? Occurrences
99% 12.9 1 1.5240 | 1.0412 | -0.0584 | .2797 1.5824 1.4677
(453884 -
.55) ,
98% 13.1 1 1.5095 | 1.0406 | -0.0582| .2797 1.5677 1.4549
(3732 -
.453884)
95% 36.6 3 1.5834 .6026 |-0.1962 | .3038 1.7795 2.6372
(298336 -
.3732)
90% 88.4 4 0.9509 S117 | -0.2195 3185 . 1.1704 1.9418
(22743 -
.298336)
75% 202.2 7 0.6722 3847 |-0.3984 | .3803 1.0706 1.9793
(.089765 -
22743)
50% 4380 11 0.3411 3054 | -0.7226 | .5799 1.0636 1.6229
(--00012 -
.089765)
25% 613.5 11 -0.0031 3043 0.0113 5827 -0.0143 -0.0218
(--1049 —
-.00012)
<25% 778.4 14
(-0.64 —
-.10149)
Missing 2009.9 17

Table 5-3. Weights and contrasts for Cu residuals in stream water geochemistry at successive
cutoffs from the 99* % downward.

CLASS AREA Km® | Numberof | W+ Std. W- Std. (W-) | Contrast | STUD_CNT
Occurrences (W+)
Basement 4323 18 1.0201 | .2408 | -0.6341 2785 1.6543 44935
Carboniferous 540.9 1 -2.1351 | 1.0009 | 0.2858 .1845 -2.4209 -2.3786

Clastics
Horton 5122 2 -1.3853 | .7085 0.2315 1875 -1.6167 -2.2060
Group

Intrusions 31.5 0

Windsor 493.1 10 0.2787 | .3195 | -0.1096 2197 0.3883 1.0015
Group :

Table 5-4. Weights and contrasts for bedrock geology.




CLASS Cumulative Cumulative W+ w- Contrast | STUD_CNT
AREA Km® | Occurrences
250 76.1 2 0.5436 -0.0285 0.5722 0.7726
500 1519 3 02517 -0.0236 0.2753 0.4488
750 227.5 6 0.5476 -0.0964 0.6439 1.3994
1000 304.1 6 0.2506 -0.0518 03024 0.6589
1250 3804 6 0.0228 -0.0054 0.0281 0.0614
1500 456.6 9 0.2498 -0.0866 03363 0.8423
1750 530.0 9 0.0977 -0.0374 0.1351 0.3387
2000 602.5 9 -0.0326 0.0136 -0.0462 -0.1158
2250 675.8 9 -0.1489 0.0679 -0.2168 -0.5439
2500 7504 10 -0.1483 0.0792 -0.2274 -0.5877.
2750 824.5 11 -0.1471 0.0912 -0.2382 -0.6300
3000 897.7 12 -0.1451 0.1038 -0.2489 -0.6701
3250 969.5 14 -0.0669 0.0586 01255 | -03451
3500 1039.9 i6 -0.0025 0.0027 -0.0051 -0.0142
3750 11105 19 0.1055 -0.1471 0.2526 0.6801
4000 1180.1 21 0.1454 -0.2502 0.3956 1.0224
4250 1246..2 21 0.0900 -0.1662 0.2562 0.6619
4500 1310.6 22 0.0861 -0.1836 0.2697 0.6768
4750 1372.7 22 0.0390 -0.0894 0.1284 0.3221
5000 1433.9 22 -0.0053 0.0131 -0.0184 -0.0462
Missing 2009.9 31

Table 5-5. Weights and contrasts for fault buffers.

5.5 Conditional Independence
Tests for pairwise conditional independence were carried out to ensure none of the
maps violated the conditional independence assumption. The results summarized in Table

5.6 show that the chi-squared statistic calculated for all map pairs is less than 5.4, meaning
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that for a probability level of 98% there is no reason to reject the hypothesis that conditional
independencse exists for any of the pairs of maps. As a result all map layers were used to

produce the - posterior probability map.

Chi-squared Statistic Reclass of Residual_cu GEOLOGY
Reclass of Buffers 1.05 0.37
Reclass of Reesidual_cu 0.94

Table 5-6. Chi-squared statistic for pairwise comparison for the evidential themes in the
mineral potential model. These values are for 1 degree of freedom, and indicate that a
hypothesis o-f conditional independence can be accepted.

5.6 Postersor Probability Map (Favourability) for Cu

A map showing the posterior probabilities was generated using the optimum weights
from the resi:duals of the stream water geochemistry in catchment basins, the structural faults
and underlyimg bedrock geology (Figure 5.1). The posterior probability ranged from 0.011 —
0.141. Figume 5.1 illustrates the areas of higher potential for Cu occurrences. On this map
there are fourr small areas with the highest probability range (0.079 — 0.141) which are the
areas of high:est probability of finding a Cu occurrence in the field area. The second highest
range of postierior probability was from 0.033 — 0.079. This group of probabilities appear to
be located along the boundary between the Aspy and Bras d’Or terranes signifying this

tectonic bourndary may be a control on the deposition of Cu occurrences in this area.
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6 Summary and Conclusions

In this study five digital geoscience databases, from southwestern Cape Breton Island,
Nova Scotia, were compiled and co-registered in a GIS format in Spans. These were stream
water geochemistry, represented by catchments, a balsam fir twig geochemical survey,
bedrock geology, surficial geology, and mineral occurrence data.

Summary statistics and box plots were used to characterize the stream water
geochemistry and to identify physical and chemical controls on the ge;)chemistry of fifteen
metallic elements in the stream water. The box plots showed that bedrock geology and the
pH of the water are important controls on the concentration of the metallic elements in the
stream water.

Box plots show that the pH of the stream water has substantial control on the
distribution of the fifteen metallic elements analyzed with the exception of As, Mo and Sb.
Concentrations of elements such as Mg, Sr and U were found to increase with increasing pH.
These elements are associated with the dissolution of carbonate rich rocks, which
subsequently increases the pH of the stream water. The concentration of elements Fe, Mn
decreases with increasing pH. These elements form oxides and hydroxide molecules, which
have surfaces which Al, Pb, Zn, Cr, Ti and Cu can sorb to thus reducing their concentration
in the stream water.

The influence of the underlying bedrock geology on the composition of the stream

water was found to follow three major trends. The lowest concentrations for all of the
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elements were found in catchment basins dominated by the basement rock group suggesting
that rocks of this type found in the study area may be less susceptible to weathering than the
other groups. As commonly seen in stream water geochemistry, elements such as Mg and Sr
have highest concentrations over units containing carbonate rich rock, the Windsor Group.
The box plots also show that elements, such as Fe and Pb, associated with terrestrial rocks are
found in higher concentrations in the lithologic groups containing these types of rocks (red

sandstones and siltstone).

Linear regression analysis was used to calculate the variability of the stream water
geochemistry explained by variance in lithology, pH, and Fe and Mn oxides and hydroxides.
The results indicate that the pH, Fe and Mn oxides and hydroxides exhibit the strongest
control on the variation of the metallic elements, Fe, Mn, Al, Cu, Zn, Cr, Co, Pb, Ti, Al and
Mg, concentratioﬁ in stream water. The underlying bedrock geology explained a small
amount of variance for these elements. The deposition of the Fe and Mn oxides and
hydroxides is controlled by the pH of the water. As these oxides and hydroxides form, other
elements such as Al, Cu, Zn, Cr, Co, Pb and Mg, are sorbed to their surfaces and are removed
from solution. This suggests that the concentrations of these elements are affected by the pH
of the stream water. In contrast the underlying bedrock geology was the dominant factor in
controlling the variation in element concentration in stream water for elements Sr, U, As and
Mo. As well, these elements are not sorbed to Fe and Mn oxides and hydroxides and

therefore changes in pH and the presence of Fe and Mn oxides and hydroxides do not affect
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their concentrations. Although the use of catchment basins and regression analysis has been
used for stream sediment this is the first known use with stream water geochemistry and
shows good results.

Linear regression was also effectively used to remove the effects of these variables on
the concentrations Zn and Cu in stream water in order to highlight catchments with
anomalously high residuals. Comparison of the map residuals with known Zn and Cu
mineral occurrences indicate that the use of linear regression to remove background effects
caused by these factors is an important tool for locating mineral occurrences. In addition,
these results provide evidence that stream water is a useful sample media type for identifying

areas of potential mineralization.

The effectiveness of Yule’s coefficient as a tool to compare the stream water and the
balsam fir twig surveys was highly dependent on the zone of influence chosen to represent
the sample points and on the element compared. Two attempts were made to represent the
zone of influence for each sample point in both surveys. The first used a large zone of
influence and the results illustrated that for most elements analyzed the higher percentile
areas were comparable. In the second attempt catchment basins were used to represent the
zone of influence for the stream water sample points and a smaller zone of influence was
used to represent the balsam fir twig sample points. In this attempt only elements Fe, Mn and
Al were comparable at higher percentiles. These elements are known to be unstable in

solution and may be quickly deposited in the form of oxides and hydroxides near their input
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source. This suggests that for these elements the balsam fir twigs represent the surrounding -
environment, the zone of influence, similar to the stream water samples. All other elements,
elements which are more stable in solution, are transported further from their input source
and are therefore not accurately represented in the balsam fir twigs. These results indicate
that this method is not a viable way to compare the two sample sets. Perhaps geostatistical
methods that include spatial neighborhood effects may be more useful for comparison of

these data sets.

Comparison of the weights and contrasts determined using weights of evidence show’
that the probability of finding a mineral occurrence increases when the Cu residuals
determined using linear regression are used in the catchment basin as opposed to the Cu
concentration in the stream water. In addition, weights of evidence provided additional
support that the use of linear regression to remove the background effects is an important
element in using stream water geochemistry to locate mineral occurrences. Response
variéble-s such as bedrock geology, Cu residuals and proximity to faults were found to be
conditionally independent using weights of evidence. All three-map patterns representing
factors favorable for Cu mineralization were then combined to locate areas of potential Cu

occurrences.

In conclusion it has been shown that a GIS system in association with other statistical

packages was very useful in the integration of multi-media data sets to improve the
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understanding of the geochemical distribution of stream water and balsam fir twigs in
southwestern Cape Breton Island. A mineral potential map for Cu produced, as a part of this

study will aid in improving the constraints on future mineral exploration in the region.
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Appendix A
Summary statistics of stream water geochemistry.

Units and Method of determination shown as suffixes to the element name.
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50.0 210.0 4644.0 1425.9 1340.0 1266.0
5.0 5.0 1113.0 160.9 123.0 24.0
50.0 348.0 9126.0 1158.6 820.0 533.0
0.1 1.9 325.0 6.4 3.6 3.2
0.1 0.1 3.2 0.3 0.2 0.1
0.1 0.4 355.0 11.2 3.8 1.7
4.0 4.0 72.0 13.3 11.0 7.0
0.1 0.2 2554 15.2 7.9 3.0
2.0 3.0 626.0 162.4 129.0 39.0
1.0 4.0 1964.0 54.3 13.0 7.0
1.0 1.0 65.0 11.2 8.0 4.0
5.0 9.0 2926.0 420.2 313.0 172.0
5.0 5.0 135.0 24.2 20.0 14.0
0.5 0.5 7.7 1.7 1.5 0.8
0.1 0.1 2.2 0.3 0.2 0.1
0.1 0.1 1.1 0.3 0.3 0.1
50.0 50.0 570.0 121.7 90.0 70.0
0.1 0.1 2.3 0.5 0.5 04
0.5 0.5 11.0 1.7 1.3 0.8
0.1 0.1 3.3 0.4 0.3 0.2
0.5 4.1 1943.7 53.7 13.5 7.2
10.0 10.0 1020.0 220.6 190.0 140.0
0.1 0.1 1.6 0.2 0.1 0.1
10.0 10.0 120.0 23.4 20.0 20.0
0.2 0.6 56.1 10.9 8.4 3.5
0.0 0.0 0.8 0.2 0.1 0.1
0.0 0.0 1.3 0.3 0.2 0.2
5.0 5.0 200.0 49.4 41.0 19.0
5.0 9.0 745.0 210.3 173.0 121.0
5.0 5.0 196.0 48.9 40.0 34.0
5.0 5.0 47.0 12.0 10.0 7.0
5.0 5.0 195.0 48.6 44.0 18.0
5.0 5.0 27.0 9.8 9.0 6.0
5.0 6.0 164.0 414 36.0 29.0
5.0 5.0 39.0 10.2 9.0 6.0
5.0 5.0 122.0 23.7 19.0 19.0
5.0 5.0 109.0 21.9 18.5 11.0
0.1 0.1 1.5 0.3 0.2 0.1
5.0 5.0 808.0 68.1 43.0 32.0
0.1 0.9 793.0 16.6 3.0 3.0
0.1 1.6 526.0 10.1 5.2 5.8
3.1 140.0 16.9 10.2] #N/A
0.0 2.1 8.3 6.6 6.7 7.0
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1047.0

1657.0

Appendix A

1340.0 21994 2507.5] 2793.6 3132.9

45.0 123.0 219.0 353.6 425.2 593.5 688.0
617.5 820.0 1265.0] 2101.0 2886.2| 4526.5 5914.5
3.1 3.6 5.0 7.7 14.1 25.8 41.5
0.2 0.2 0.3 0.4 0.5 0.6 0.9
2.2 3.8 7.9 17.2 27.9 69.2 184.0
7.0 11.0 16.0 23.1 33.0 45.2 52.1
3.0 7.9 16.6 33.6 59.5 83.5 101.5
69.3 129.0 233.5 340.5 414.8 461.2 514.3
8.5 13.0 27.0 84.8 162.0 439.2 1130.9
4.0 8.0 15.0 23.0 30.0 41.0 48.2
203.5 313.0 487.5 788.4 1065.4f 1384.6 1864.1
12.0 20.0 31.0 41.6 50.6 83.8 103.8
1.0 1.5 2.1 3.1 3.5 4.4 4.9
0.2 0.2 04 0.5 0.7 0.9 1.1
0.2 0.3 04 0.5 0.7 0.9 1.0
70.0 90.0 140.0 226.0 306.0 411.6 507.2
0.3 0.5 0.7 0.9 1.1 14 1.6
0.9 1.3 24 3.2 3.6 4.8 5.1
0.2 0.3 0.4 0.6 0.7 1.1 1.3
8.4 135 27.6 87.3 176.5 415.6 900.7
122.5 180.0 290.0 389.0 490.0 610.0 641.8
0.1 0.1 0.2 0.5 0.7 0.9 1.0
20.0 20.0 30.0 30.0 40.0 40.0 60.0
4.4 8.4 14.7 222 271 37.3 44.0
0.1 0.1 0.2 0.3 0.4 0.5 0.6
0.1 0.2 0.4 0.6 0.8 1.0 1.1
26.0 41.0 65.0 94.8 112.0 142.1 153.4
113.0 173.0 277.0 408.0 485.0 608.7 663.6
26.0 40.0 66.0 93.4 115.0 140.5 160.3
7.0 10.0 14.0 20.0 25.0 32.2 34.8
23.0 44.0 63.0 91.7 116.7 139.0 163.7
7.0 9.0 12.0 15.8 18.4 23.2 24.0
22.0 36.0 54.0 77.8 95.4 109.8 117.7
6.0 9.0 12.0 17.0 18.9 23.7 25.0
13.0 19.0 30.0 43.0 49.0 59.2 78.9
12.0 18.5 28.0 40.0 46.2 58.0 75.8
0.2 0.2 0.3 0.6 0.7 0.9 1.2
25.0 43.0 78.0 123.0 185.4 304.3 466.2
2.3 3.0 4.5 16.1 42.7 136.6 403.3
4.1 5.2 7.3 11.0 19.8 45.3 129.2
6.0 10.2 20.4 35.1 56.0 75.8 97.6
6.5 6.7 6.9 7.2 7.5 8.0 8.1
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Appendix B
Thompson-Howarth plots showing precision of the analyses of the metallic

elements in the stream water geochemical survey.

Results based of field duplicates, so the precision refers to the combined field and

analytical variability. For each plot, units are log ppm for both axes.
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Appendix C

Summary statistics of balsam fir twig geochemistry.



Appendix C

1.5 . . 2.2 0.27

S5 5 78 13.2 12.0 11.89
0.5 0.5 6 1.8 1.8 1.04
10 370 6600 2137.9 2000.0f 1156.41

1 13 190 36.8 30.0 19.66
2000 91000f 279000| 169747.9] 169000.0} 33793.34
3 3 50 5.7 5.0 6.39

1 1 15 4.7 4.0 2.20

1 1 100 25.2 18.0 20.00

0.5 0.5 11 1.2 1.0 1.77
0.01 0.04 1.02 0.05 0.02 0.13
500 500 14400 3060.5 2400| 1960.11
0.5 0.5 5.3 0.5 0.6 1.01
5000 134000] 348000; 234509.6] 234000 40422.80
0.1 0.8 25 3.6 2.6 2.57
10 651 9050 2749.3 2460] 1292.29

5 32 940 185.8 160 107.10
0.1 -0.1 1.9 0.4 0.4 0.15
0.1 0.2 5.3 0.9 0.7 0.69
0.1 0.1 4.6 0.5 0.4 0.45
300 300 5800 803.2 780 631.30
0.1 0.1 4.7 0.5 0.3 0.59
0.05 0.05 2.28 0.3 0.22 0.28
20 960 4200 1963.4 1900 502.32
1000 0 14300 5336.4 5200 2126.06
2 142 445 269.6 262.5 60.65
0.2 1.7 52.5 10.1 8.65 6.80

1 99 244 150.4 148 33.44

2 2 15 1.1 2 2.92

1 1 48400] 25495.3 26000] 6397.23

1 1407 84622| 22911.2 20759] 11728.34

1 7 142 33.2 29 19.89
1000 1000 45450 22742.0 22290] 7008.40
3 14 124 51.2 48 20.91

1 1 125 10.1 8 5.14
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3.1

2.04 2.22 2.4 2.7 2.8 3.0
8 12 17.0 26.0 32.0 42.7 60.5
1.3 1.8 2.3 3.0 3.8 4.5 5.0
1300 2000 2700.0 3600.0 4100.0 5172.0 5600.0
24 30 40.0 57.6 87.6 110.0 133.6
143000 169000] 195000.0] 216000.0| 228400.0] 245440.0] 253800.0
3 5 8.0 12.6 18.0 25.0 32.7
3 4 6.0 7.6 9.0 12.0 13.0
13 18 27.0 59.0 69.8 78.0 90.4
0.6 1 1.5 2.7 4.4 74 9.2
-0.03 -0.02 0.0 0.2 0.3 0.5 0.7
1600 2400 3600.0 5700.0 7180.0] 10144.0f 11652.0
-0.5 0.6 1.1 1.9 2.5 3.3 3.7
206000] 234000] 261000.0] 290000.0| 306000.0] 323160.0{ 328720.0
1.8 2.6 4.2 6.6 9.2 13.7 17.0
1800 2460 3240.0 4428.0 5588.0 7056.0 7823.2
110 160 230.0 320.0 388.0 530.0 658.8
0.3 0.4 0.5 0.6 0.6 0.8 0.9
0.4 0.7 1.0 1.9 2.5 3.5 4.1
0.2 0.4 0.6 1.0 1.4 2.2 3.0
600 780 1000.0 1300.0 1400.0 2000.0 2636.0
-0.1 0.3 0.7 1.2 1.7 2.7 3.1
-0.05 0.22 0.4 0.6 0.8 1.3 1.6
1600 1900 2200.0 2600.0 2900.0 3172.0 3236.0
3700 5200 6600.0 8260.0 9480.0f 10816.0f 11300.0
240 262.5 294.0 329.3 352.1 388.9 396.4
6 8.65 13.0 16.9 21.0 284 35.6
131 148 167.0 185.0 195.3 209.0 2244
-2 2 3.0 5.0 6.1 9.0 9.4
21600 26000; 29200.0{ 32860.0f 34680.0] 36472.0f 38136.0
13561 20759| 29848.0| 39277.3] 44665.4] 55099.7| 62675.2
20 29 41.0 58.0 71.0 79.9 95.2
18350 22290| 26270.0] 32212.0] 35748.0f 39767.2] 41587.2
37 48 62.0 76.3 88.3 101.0 114.0
6 8 12.0 17.0 21.0 26.7 417
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Appendix D
Mineral occurrence data

(NSDNR, 1996)
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Appendix E
Box plots of metallic element grouped by pH and lithology.

Lithology is reported by major groupings; CC = Carboniferous Clastics, Horton =

Horton Group, Windsor = Windsor Group, Basement = Basement rock.
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Appendix F
Results of area cross tabulation and calculation of Yule’s coefficient for

metallic elements in the streann water and balsam fir twig surveys.



Comparison of Zn, using interpolated grids as the zones of influence

Appendix F

Area ) Percentiles from Stream Water Survey
Cross Tabulation -5 25% 50% 75% 90% 95% 98%
<25% 17.55 35.23 36.65 34.09 10.47 0 0
g oy 25% 20.98 34.63 42.45 32.67 0.73 0 0
o % 50% 55.04 39.55 3745 23.3 6.34 1.66 2.85
@ 2 75% 40.3 30.62 15.1 13.48 7.41 1.85 1.84
= “E' 90% 16.9 16.85 7.61 55 1.52 4.55 0.94
3g 95% 1.71 2.62 0.85 0.49 0.11 0.38 0.84
& g 98% 0.41 0.94 0.26 0.05 0.05 0.11 0.31
99% 0.51 22 0.73 0 0.02 0.21 0.67

Yules Coefficient Percentiles from Stream Water Survey
<25 % 25% 50% 75% 90% 95% 98%
— <25 % -0.2384; -0.1587] -0.1289| -0.0277 0.9584 0.941 0.8495
S g 25%( -0.2629f -0.1929( -0.0978 0.2145 0.9748 0.964 0.9063
L; % 50%| -0.1477{ -0.1629| -0.0383 0.2325 0.4547 0.3712 0.6447
Qi 75%| -0.0493| -0.1124| -0.0084 0.2568 0.5154 0.4388 0.7585
% g 90% 0.1064] -0.0613 0.0577 0.374 0.5756 0.6682 0.8893
50 95% 0.2181 -0.022 0.0954 0.4334 0.6165 0.7043 0.9172
0o 98% 0.2838 0.0107 0.1252 0.4621 0.6395 0.7238 0.9224

Comparison of Sr, using interpolated grids as the zones of influence

Area Percentiles from Stream Water Survey
Cross Tabulation |5 25% 50% 75% 90% 95% 98%
<25% 65.78 4209 30.04 14.73 5.58 1.74 0.16
£ 25% 52.79 41.08 28.88 16.88 3.79 22 0.12
L;_? g 50% 33.55 52.54 45.53 32.41 1.78 6.17 0.89
@ ﬁ 75% 4.51 17.67 26.49 15.35 3.65 1.3 6.34
=& 90% 0 141 1112 8.8 3.14 1.59 0
8 g 95% 0 0.21 3.74 4.45 6.1 2.84 0
] 98% 0 0 2.18 1.74 0.72 0.88 0
99% 0 0.02 2.69 1.48 0 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25 % 25% 50% 75% 90% 95% 98%
- <25% 0.2486 0.2253 0.2171 0.2024 0.3859 0.6673 0
5 “a’ 25% 0.356 0.2988 0.2632 0.2763 0.4116 0.669 0.6518
“(; & 50% 0.5655 0.4434 0.3263 0.4004 0.3784 0.5741 0.4423
R 75% 0 0.7253 0.4062 0.4064 0.2369 0 -0
§ g 90% 0 0.8423 0.4562 0.4825 0.3152 0 0
® s 95% 0 0.9213 0.2781 0.1854 0.1842 0 0
0-a 98% 0 0.8814] 0.1336 0 0 0 0
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Comparison of Pb, using interpolated grids as the zones of influence

Appendix F

Area
Cross Tabulation

Percentiles from Stream Water Survey

<25% 25% 50% 75% 90% 95% 98%
<25% 67.32 32.31 51.91 11.94 2.34 0.78 0.16
=y 25% 39.72 38.56 39.89 27.8 6.68 2.03 1.39
2 g 50%|  22.29|  60.11 37.27|  41.82 9.18 366 119
@ 2 75% 12.35 30.28 22.13 5.3 5.05 429 0
=& 90% 0.62 24 0.46 2 0.1 1.94 1.26
§ g 95% 0.06 1.08 0.47 1.38 1.71 1.32 0.79
o] 98% 0.04 0.12 0.25 0.83 1.12 0.96 0
99% 1.84 0.1 3.83 1.97 0.36 0.15 0
Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
- <25% 0.285 0.1261 0.3404 0.4267 0.5271 0.6691 0.9512
S g 25% 0.2887 0.0883 0.2 0.2649 0.3083 0.1968 0.1785
“: @ 50% 0.1951 0.0731 0.1068 0.3287 0.4124 0.3473 0.3756
S F 75% 0.3015 0.3422 0.4208 0.5185 0.5962 0.6387 0.649
?, § 90% 0.2439 0.3842 0.3692 0.4399 0.4115 0.2981 0.0318
g = 95% 0.1178 0.3701 0.2574 0.2826 02226} -0.7773 0
0o 98% 0.0185 0.2956 0.0812 -0.0871 -0.2154 0 0
Comparison of Mn, using interpolated grids as the zones of influence
Area Percentiles from Stream Water Survey
Cross Tabulation  |—7po 25% 50% 75% 90% 95% 98%
<25% 87.91 56.64 38.94 12.35 11.58 4.99 3.29
ED 25% 25.97 34.13 38.58 12.03 1.82 0.2 0
25 50% 25.15 63.95 65.77 38.33 5.55 174 1.36
@ 2 75% 0 0.35 6.25 9.74 6.91 0.34 0
== 90% 0 0.3 1.02 7.06 2.26 4.42 0.56
s 95% 0 0.13 0.24 327 0.6 3.42 0.34
& gg 98% 0 0.08 0.22 2.92 0 0 0
99% 0 0.13 1.49 0.58 0 0 0
Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
- <25 % 0.3493 0.265 0.2019 0.0032 0.0435 0.043 0.2045
5 g 25% 0.3737 0.2651 0.2739 0.1125 0.1106 0.0038 0.0201|
uU; A 50% 0 0.7804 0.6257 0.4785 0.4448 0.2378 0.2646
9 F 75% 0 0.7583 0.6864 0.5001 0.5839 0.3848 0.4058
SE 90% 0 07397 0.6218] 0.4287| 05421 0.4011] 0.4437
% 3 95% 0 0.6691 0.4081 0 0 0 0
@ o 98% 0 0.5897 0.0215 0 0 0 0
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Appendix F

Comparison of Mg, using interpolated grids as the zones of influence

Area ] Percentiles from Stream Water Survey
Cross Tabulation =7z 25% 50% 75% 90% 95% 98%
<25% 54 .45 50.83 39.48 17.92 5.43 1.03 0.38
g > 25% 40.29 35.22 38.55 25.1 9.78 3.51 0.87
= g 50% 24.85 38.78 54.07 38.85 17.02 3.5 1.94
@ 75%|  13.36|  1443] 1232 576 1.48 0.2 0.22
= “E' 90% 9.36 9.55 4.66 2.06 1.98 0.17 0.21
§ < 95% 5.85 1.22 1.12 0.37 0.59 0.1 0.35
8 98% 2.74 0 0.95 0.07 0.28 0.02 0
99% 7 0 0.08 0.12 0.01 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
- <25% 0.0913 0.1348 0.1471 0.1154] -0.0144] -0.1204| -0.2164
E g 25% 0.0809 0.0939 0.0921 0.085 0.005 0.0026| -0.0726
L; @ 50%| -0.1787| -0.1642 -0.143] -0.0606| -0.0087 0.0812 0.0866
9 F 75%| -0.2864| -0.2447| -0.1787| -0.0283| -0.0519 0.011| -0.0566
T% g 80% -0.4974 -0.3338] -0.2669 -0.0796 -0.049 0.0119 -0.1528
% -(‘-g- 95% -0.6203 -0.4219] -0.4222 -0.2682 -0.3335 -0.2828 -0.2151
o 98% -0.7843 -0.6558f -0.5304 -0.4702 -0.2791 -0.1753 -0.1045

Comparison of Fe, using interpolated grids as the zones of influence

Area Percentiles from Stream Water Survey
Cross Tabulation |7z 25% 50% 75% 90% 95% 98%
<25% 76.09 38.39 21.48 2.75 0.02 0] 0
E 25% 32.51 62.28 56.31 33.23 1.78 432 0
US_ % 50% 9.34 34.69 50.75 43.97 2.22 5.47 0.11
@ 2 75% 4.8 7.1 15.5 19.72 6.61 6.92 1.64
= L;_L; 90% 0.32 6.49 10.55 2.56 1.09 1.86 0.54
§ o 95% 0 2.78 0.01 1.81 0.05 0.28 1.62
g g 98% 0 0.17 0 1.64 0 0 0
99% 0 0 0 0.19 0 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
£ <25 % 0.524 0.485 0.6666 0.9362 0 0 0
<) qa’ 25% 0.4777 0.3761 0.3823 0.4686 0.4545 0.5577 0.497
u; a 50% 0.4236 0.338 0.3502 0.5014 0.4659 0.5334 0.4461
9 F 75% 0.6973 0.2156 0.1827 0.338 0.3713 0.4774 0.38
E (% 90% 0 0.208 0.4652 0.462 0.5229 0.6589 0.5653
S 2 95% 0| 0.5149] 06951 0 0 0 0
oo 98% 0 0 0 0 0 0 0
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Comparison of Cu, using interpolated grids as the zones of influence

Appendix F

Area ) Percentiles from Stream Water Survey
Cross Tabulation  |-5z= 25% 50% 75% 90% 95% 98%
<25% 75.39 4937 120.32 0 4272 0 0
£ 25% 45.97 39.63 65.16 0 15.89 0 0
2e 50% 0 0 0 0 0 0 )
a2 75% 3338 15.68 16.35 0 0 0 0
== 90% 2.76 12.01 19.72 0 0 0 0
Sg 95% 0 0 0 0 0 0 0
e 3 98% 0.16 223 0 0 0 0 0
99% 0.15 0 0 0 0 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
- <25 % -0.0558] -0.1319] -0.2504] -0.2504 0 0 0
5 2 25%| -0.1064] -0.1889 0 0 0 0 0
“”; a 50%| -0.1064] -0.1889 0 0 0 0 0
o F 75% 0.369] 0.0321 0 0 0 0 0
S E 90%| 0.2625 0 0 0 0 0 0
Sa 95%|  0.2625 0 0 0 0 0 0
o 98% 0 0 0 0 0 0 0

Comparison of Cr, using interpolated grids as the zones of influence

Area Percentiles from Stream Water Survey
Cross Tabulation -5z 25% 50% 75% 50% 95% 98%
<25% 96.68 0 4158 16.16 18.68 6.94 2.41
e 25% 104.65 0 37.8 24.06 8.75 9.07 0.45
=g 50%|  101.39 0 2317 10.34 5.93 0 0
@ @ 75% 39.07 0 7.83 0.15 0 0 0
= 'g 90% 31.25 0 3.06 1.58 0.12 0 0
3 95% 222 0 2.01 0.61 0.9 0 0
8 98% 0.08 0 1.57 0.74 1.22 0 0
99% 0 0 0.03 1.05 1.62 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25 % 25% 50% 75% 90% 95% 98%
- <25% -0.1425] -0.1425{ -0.1412[ -02425] -0.2474 -0.605| -0.6857
S 2 25%| -0.2096| -0.2096] -0.2475| -0.3013| -0.9947| -0.9888| -0.9824
L; a 50%| -0.1957 -0.1957| -0.2531] -0.2523 0 0 0
O F 75%| -0.0935] -0.0935] -0.0432 -0.052 0 0 0
g £ 90%| 0.4568] 0.4568] 0.3706] 0.3576 0 0 0
S 2 95%| 0.8381] 0.8381 0.5585| 0.4786 0 0 0
Lo 98% 0 0 0.898| 0.5835 0 0 0

125




Comparison of Co, using interpolated grids as the zones of influence

Appendix F

Area Percentiles from Stream Water Survey
Cross Tabulation |-z 25% 50% 75% 90% 95% 98%
<25% 63.51 67.71 32.99 12.54 0.03 0 0
£ 25% 28.2 51 52.34 20.03 17.81 5.76 0
,_,9_ % 50% 35.88 309 41.91 18.37 1.27 472 3.16
@ 2 75% 17.76 9.68 17.23 27.03 8.08 3.13 0.97
= "'E' 90% 2.32 2.34 443 7.46 2.82 2.2 1.26
g < 95% 0.44 1.91 1.84 2.19 0.01 0 0.29
& g 98% 0 0 0 0 0 Q 0
99% 1.75 0.09 0 0 0 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
- <25% 0.1995 0.3305 04116 0.9342 0.99 0.9842 0.9776
S g 25% 0.0467 0.197 0.2493 0.1819 0.4001 0.9822 0.9746
""; @ 50% 0.1118 0.2727 0.3793 0.3043 0.3527 0.5381 0.9853
2= 75% 0.2158 0.3058 0.3868 0.3992 0.5123 0.6748 0.8511
S g 90% 0.0086 0.0565 0.1257 0.0132 0.2108 0.4229 0.4845
% £ 95%| -0.7662 -0.951| -0.9163| -0.9553| -0.9341| -0.8985 0
& o 98%| -0.7663| -0.9532 20.92 0 0 0 0

Comparison of Ba, using interpolated grids as the zones of influence

Area Percentiles from Stream Water Survey
Cross Tabulation =7 25% 50% 75% 90% 95% 98%
<25% 69.36 46.08 17.19 5.92 345 0 0
£ 25% 52.99 40.5 37.67 2.94 0.02 0.06 0
=g 50% 244 55.16 60.14 26.18 5.85 6.62 0.99
@ 2 75% 5.09 12.17 21.48 33.21 15.89 6.21 2.62
== 90% 0.07 1.31 15.11 9.69 2.77 1.68 0.32
g o 95% 0 0 0.04 3.18 1.43 3 0.88
&S 98% 0 0 0 0 0 0 0
99% 0 0 3.99 0.51 0 0.17 0.39

Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
£z <25% 0.353 0.4235 0.4058 0.3994 0 0 0
S g 25% 0.4771 0.4572 0.5724 0.5907 0.8535 0.8108 0.7466
"; @ 50% 0.5657 0.5492 0.5414 0.5118 0.4969 0.6334 0.6835
2 = 75% 0.8847 0.7303 0.3892 0.3653 0.4483 0.5028 0.5681
SE 90% 0 0| 0.5338] 0.5489] 0.6331] 0.6655| 0.7029
% 2 95% 0 0 0.2258 0.3948 0.5498 0.7024 0.7636
O x 98% 0 0 0.2258 0.3948 0.5498 0.7024 0.7636
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Comparison of Al, using interpolated grids as the zones of influence

Appendix F

Area Percentiles from Stream Water Survey
Cross Tabulation  |——z 25% 50% 75% 90% 95% 98%
<25% 60.07 32.96 4896 20.97 297 0.87 3.44
Eg 25% 57.58 50.68 3863 31.09 6.54 1.31 3.73
=g 50% 17.93 49.37 30.71 20.78 10.4 0.91 0.46
a2 75% 1851]  15.04 2338 10.07| 1252 - 0.03 0.2
=E 90% 0 0.07 4.01 4.93 3.08 6.07 1.46
Ss 95% 0 0 4.62 4.32 0.08 0 0
823 98% 0 0 2.34 0.02 0 Q 0
99% 0 0 0 0 0 0 0
Yules Coefficient Percentiles from Stream Water Survey
<25% 25% 50% 75% 90% 95% 98%
— <25% 0.165] 0.0602] 0.1491 0.2016[ 0.0407] -0.0581 -0.0102
E 2 25% 0.244] 0.1378] 0.1408] 0.2264] 0.0399] -0.1427| -0.0822
“a 50%| 0.1572 0.245] 0.1949] 0.2864] 0.1801 -0.098] -0.2129}
3= 75% 0| 09112] 04174] 0.3929] 0.4973] 0.1206 0
5E 90% 0 0| 01567 -0.614 0 0 0
g2 95% 0 0] -0.7013 0 0 0 0
o 98% 0 0 0 0 0 0 0
Comparison of Sb, using interpolated grids as the zones of influence
Area Percentiles from Stream Water Survey
Cross Tabulation =5z 55% 50% 75% 0% 95% 98%
<25% 8.66] 184.53] 107.57 16.31 10 2237 13.16
3 25% 117.81 62.28 84.02] 107.73 38.87 11.51 7.26
=g 50% 178.53 81.91 124.48 70.98 20.07 811 3.73
@ @ 75% 60.16 32.23 43.33 13.26 0.54 0.77 0.07
= 90% 32 2336 16.06 7.9 2.55 6.43 0.03
Sg 95% 4.61 8.3 4.78 2.54 247 1.15 0
] 98% 37 2.53 3.32 3.19 1.78 0.02 0
99% 0.61 0.13 0.4 0 0 0 0
Yules Coefficient Percentiles from Stream Water Survey
<25% 25%]| 50% 75% 90% 95% 98%
- <25% -0.6423| 0.0057] 0.0856] -0.1579] -0.3439] -0.4435] -0.6217
S 2 25%| -0.2751| -0.0965| -0.1496 -0.232] -0.2973] -0.4849] -0.7026
‘; a 50%| -0.1524| -0.1134| -0.1701| -0.1864| -0.1763] -0.5978| -0.4654
2 F 75%]| -0.0826] -0.0867| -0.0409] 0.0207] 0.0135] -0.6728 -0.565
5 E 90%| 0.0449] 0.0062] 0.0461 0.0746 -0.176 0 0
g2 95%| -0.0221] 0.0654] 0.0889] 0.0218] -0.7577 0 0
0o 98%| -0.2952| -0.1456 0 0 0 0 0
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Appendix F

Comparison of As, using interpolated grids as the zones of influence.

Area Percentiles from Stream Water Survey
Cross Tabulation == 25% 50% 75% 90% 95% 98%
<25% 4984 5482 37.15 1433 2.38 0.01 0
2 25% 57.06 39.01 526 10.89 1.48 462 0
Se 50% 39.54 29.14 52.29 31.22 9.22 10.09 1.23
@ et 75% 1.96 11.81 1414 21.95 523 2.81 5.96
= 90% 10.41 9.73 3.73 5.56 2.1 0 0
3= 95% 0.77 1.92 0.66 1.92 2.51 0 0
g8 98% 0.05 1.38 0.42 0 4.34 0 0
99% 0 0.54 0.03 0 0 0 0

Yules Coefficient Percentiles from Stream Water Survey
<25 % 25% 50% 75% 90% 95% 98%
- <25% 0.0893] 0.2134] 0.2859] 0.4952] 0.9402 0 0
S 2 25%| 0.1927 0.245 0.391] 0.4617] 0.4309] 0.9803] 0.9668
-2 50%| 0.2804 0.204] 0.3654] 0.3721 0.3023| 0.6616] 0.6655
§ T 75%| 0.0252] -0.0367] 0.1647| 0.2399] -0.8646] -0.8171] -0.7097
S E 90%| 04242 0.1948] 0.3948] 0.5185| -0.8691 0 0
52 95%| 0.7521| 0.2262] 0.4243] 06287] -0.8126 0 0
& a 98% 0| -05942] -06436| -0.5901] -0.4719 0 0
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