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Abstract
Statistically robust treatment of multi-element geochemical data using simultaneous regression analysis, principal components analysis, and 
weighted sum indices can reveal economically signifi cant anomalies that might otherwise be masked. Robust analysis of data from the National 
Geochemical Reconnaissance and the Regional Geochemical Survey programs document Au±As±Hg±Tl±Sb enrichment in stream and lake 
sediments from the Kechika trough, a long-lived (Neoproterozoic to Paleozoic) deep-water basin in north-central British Columbia. A similar 
enrichment is found in stream sediments sourced from recently discovered Carlin-type gold and realgar occurrences in Selwyn basin, the 
northward continuation of Kechika trough in the Rackla belt of east-central Yukon. In both areas, anomalous values are spatially related to 
platform to deep-water basin transitions and to extensional structures that originated during basin subsidence and then reactivated as thrusts 
during regional shortening. These anomalies and geologic setting are comparable to those of Carlin-type gold deposits of the Great Basin in 
Nevada. The Kechika trough may hold potential for Carlin-type deposits.
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1. Introduction
Eocene Carlin-type gold deposits (CTGD’s) of the Great 

Basin in Nevada are some of the most prolifi c in the world 
(Muntean et al., 2011). In these deposits, gold occurs primarily 
in fi ne-grained (1-5 μm) arsenian pyrite and as μm-sized 
particles disseminated in quartz that are hosted by Paleozoic 
silty carbonate and siliceous sedimentary rocks altered by 
decarbonatization, silicifi cation (jasperoid) and argillization 
processes. Enrichment in As-Hg-Tl-Sb±Te refl ects realgar, 
orpiment, and stibnite in late-stage calcite veins that locally 
contain barite. Controlled both by stratigraphy and structure, 
the Carlin deposits have notably low Ag and base metal 
contents relative to spatially associated Paleozoic sedimentary 
exhalite (SEDEX) and Mesozoic to Cenozoic intrusion-related 
deposits. A widely accepted genetic model for CTGDs is 
lacking; both magmas and crust have been proposed as sources 
for auriferous fl uids. Nonetheless, the Carlin deposits appear to 
mark intense hydrothermal activity from renewed magmatism 
in Great Basin between 42 and 34 Ma, during a change from 
regional shortening to extension (Arehart, 1996; Muntean et 
al., 2011).

Gold and realgar showings with similar stratigraphic and 
structural controls have recently been discovered in Proterozoic 
to Paleozoic strata of Selwyn basin in the Rackla belt, east-
central Yukon (Fig. 1; ATAC Resources Ltd., 2010; Arehart 
et al., 2013; Tucker et al., 2013). These discoveries raise the 
possibility of similar occurrences in the Kechika trough, the 
southward continuation of Selwyn basin in north-central British 

Columbia (Fig. 1; Poulsen, 1996). This study evaluates multi-
element stream- and lake-sediment geochemical data to test the 
Carlin-type potential of the Kechika trough. These data were 
generated by the National Geochemical Reconnaissance (NGR; 
Friske et al., 1991a, b; Héon, 2003; Day et al., 2009; Jackaman, 
2011b) and Regional Geochemical Survey (RGS; Jackaman et 
al., 1996; Lett et al., 1996; Cook et al., 1997, 1999; Jackaman, 
2011a) programs. Our robust statistical treatment, which is 
validated by identifying geochemical signatures at known 
Carlin-type showings in the Rackla belt, highlights similar 
geochemical anomalies in the Kechika trough, suggesting that 
it holds potential for similar deposits.

2. Regional setting
2.1. Kechika trough

The Kechika trough, in the Foreland Fold and Thrust belt of 
the northern Canadian Cordillera, is a long-lived, deep-water 
basin that formed between the MacDonald platform to the east 
and the Cassiar platform to the west (Fig. 1; Gabrielse, 1962; 
1963a, b; 1998; Ferri et al., 1999). Northward it connects to, and 
shares stratigraphic and structural elements with, the Selwyn 
basin in Yukon Territory (Fig. 1). The Kechika trough was 
fi lled with fi ne-grained, deep-water deposits that are equivalent 
to platform strata to the east. The oldest rocks in the basin 
include Neoproterozoic rift-related siliciclastic rocks (Hyland 
Group and Gataga volcanic rocks). The youngest strata consist 
of Cenozoic conglomerates, sandstones, and mafi c volcanic 
rocks. Most of the study area is underlain by Cambrian to early 
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Mississippian fi ne-grained siliciclastic and carbonate rocks 
(Gog, Kechika, Road River and Earn groups). Minor intrusive 
rocks include Early Paleozoic mafi c sills and dikes and small 
Early Cretaceous to Eocene (?) granitic feldspar porphyry 
stocks, dikes and sills (Fig. 2).

Transitions from platform to deep-water sedimentation were 
probably controlled by syndepositional growth faults. Episodes 
of extension during the Paleozoic terminated at the end of the 
early Jurassic with the onset of compressional tectonics, which 
generated the predominantly easterly vergent thrusts and folds 
that characterize the northern Rocky Mountains. Some thrusts 
appear to be reactivated growth faults. For example, eruption 
of the Gataga volcanic rocks (ca. 690 Ma) was localized 
along a syndepositional fault; reactivated slip with a reverse 
sense during Jura-Cretaceous thrusting juxtaposed these rocks 
against strata as young as Devonian (Ferri et al., 1999).

SEDEX barite±sulphide mineralization is the most important 
mineral deposit type in the Kechika trough. These stratiform 
Zn-Pb-Ag-Ba deposits are in Cambrian, Middle Ordovician, 
Lower Silurian, and Upper Devonian strata (Fig. 2). The most 
signifi cant are hosted by Upper Devonian shales, cherts, and 
slates in the lower part of the Earn Group. These include the 
Cirque (Stronsay), Driftpile Creek, Akie, Bear and Mount 
Alcock deposits. The trough also contains porphyry and 
skarn W-Mo±Cu mineralization related to early Cretaceous 

intrusions (e.g., Boya showings) and sulphide vein Ag-Pb-Zn-
Cu mineralization (Ferri et al., 1999).

2.2. Rackla belt
The Rackla belt is on the northern edge of Selwyn basin (Fig. 

1). Most of the area is underlain by deep-water basin to shelf 
and slope strata. They consist of fi ne-grained siliciclastic and 
carbonate rocks, ranging from Neoproterozoic (Yusezyu, Algae, 
and Narchilla formations of the Hyland Group) to Devonian-
Mississippian (Earn Group) and locally Carboniferous to 
Triassic strata (Fig. 3). Cambrian to Devonian platformal 
carbonate rocks overlie the Neoproterozoic strata north of the 
long-lived Dawson thrust zone and the Kathleen Lakes fault 
(Chakungal and Bennett, 2011; Colpron et al., 2013). Late 
Cretaceous and Paleocene felsic intrusions occur throughout 
Selwyn basin to the west and south of the area (Hart et al., 
2004; Thiessen et al., 2012).

Similar to the Kechika trough, platform to deep-water basin 
transitions in the Rackla belt were controlled by syndepositional 
structures, as indicated by signifi cant changes in thickness of 
Neoproterozoic strata across north-trending faults. Changes in 
Neoproterozoic to Paleozoic stratigraphy across the Dawson 
and Kathleen Lakes faults suggest fault reactivation in the 
Paleozoic, and during Mesozoic folding and thrusting (Colpron 
et al., 2013). 

Long-lived faults, combined with favourable carbonate host 
strata at the shelf-slope transition, localized mineralization. 
Neoproterozoic fi ne-grained siliciclastic and carbonate rocks 
host most of the Carlin-type gold and realgar mineralization 
discovered to date (Osiris, Isis, Conrad and Pharoah zones; 
ATAC Resources Ltd., 2010; Arehart et al., 2013). The Carlin-
type mineralization is spatially associated with Mississippi 
Valley-type Ag-Pb-Zn occurrences hosted by both Proterozoic 
and Paleozoic carbonate rocks (Chakungal and Bennett, 2011). 
The Earn Group (Devonian-Mississippian) controls SEDEX 
and volcanogenic massive sulphide (VMS) barite and Pb-Zn-
Ag±Cu occurrences (e.g., Marg deposit). Nearby Cretaceous 
intrusions of the Tombstone suite are associated with intrusion-
hosted and skarn W±Cu mineralization (Chakungal and 
Bennett, 2011). The Tiger Au deposit, in Silurian to Devonian 
carbonate rocks with basalt intercalations, lies west of the 
Nadaleen trend of Carlin-type occurrences and is probably 
related to the Paleocene Rackla granitic pluton (Thiessen et al., 
2012).

3. Data sources and methods
3.1. Regional geochemical survey database

Since 1976, the joint federal National Geochemical 
Reconnaissance (NGR) and provincial Regional Geochemical 
Survey (RGS) programs have been carried out in British 
Columbia and Yukon to aid exploration and development 
of mineral resources. Sample collection, preparation, and 
analytical protocols are strictly specifi ed and carefully 
monitored to ensure consistent data regardless of the area, 
year of survey, or analytical laboratory (Friske and Hornbrook, 

Fig. 1. Simplifi ed geology and locations of Kechika trough study area 
in north-central British Columbia and the Rackla belt of Carlin-type 
Au mineralization in east-central Yukon.
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1991).
The data for this study are derived from NGR and RGS 

stream- and lake-sediment geochemical surveys covering the 
Kechika trough of north-central British Columbia (total 644 
samples) and the Rackla belt of Carlin-type occurrences in east-
central Yukon (total 304 samples). To provide representative 
geochemical data for the catchment basin upstream, samples 
of fi ne-grained (<0.18 mm) sediment were collected from lakes 
at an average density of about 1 site per 11.2 km2 and from 
streams at an average density of about 1 site per 7–13 km2.
These data include determinations for up to 63 analytes, fi eld 
observations, and sample locations. 

3.2. Raw data
We used multi-element determinations by aqua-regia 

extraction with inductively coupled plasma mass/emission 
spectrometry (ICP-MS/ES) fi nish, and instrumental neutron 
activation analysis (INAA). Analytical results below lower 
detection limits (DL) were set to half the minimum lower 
DL value and those above the upper DL were set to that DL 
value. The number of censored values less than the lower DL 
is generally <15% of the total number of determinations for 
most analytes, with the exception of Au by INAA, Co, Cs, Eu, 
Hf, Lu, Rb, Ta, Tb, Te, Ti and W for which 18–98% of the total 
number of values are ≤DL (Table 1). 

Elsewhere (Rukhlov et al., 2014) we provide full appendices 
summarizing statistics for samples from the Kechika trough and 
the Rackla belt, grouped by sample medium, stream order, and 
bedrock geology. Univariate histograms, Tukey box plots and 
probability plots show typical positively skewed distributions 
of raw data for most analytes (Rukhlov et al., 2014). We used 
stream order as a rough approximation of catchment basin 
size to evaluate downstream dilution effects (Hawkes, 1976). 
The RGS sediments from third- and fourth-order streams have 
much lower concentrations of Al, Mg, P and most trace metals, 
and much higher Cr, Na, Ti and Ta concentrations than those 
from fi rst-order streams due to the dilution by increased input 
of total sediment in the larger catchment basins (Rukhlov et 
al., 2014). Stream sediments derived primarily from thick, 
relatively far-travelled glacial and alluvial sediments in large 
catchment basins may miss the geochemical signal from 
material eroded from more immediate catchment basin slopes 
due to the decoupling effect (Fletcher, 1997; Heberlein, 2013).

Variable sample media and catchment basin geology may 
also infl uence sediment composition and cause background 
variations that can mask signals of mineralization (e.g., 
Bonham-Carter and Goodfellow, 1986). The RGS sediments 
show signifi cant variations of Al, Bi, Ca, Ce, Hf, Pb, Rb, S, 
Sr and Th concentrations related to underlying geology. These 
elements, along with Br, Cr, Cs, rare-earth elements (REE) 
and Se, also have different concentrations in lake and stream 
sediments (Rukhlov et al., 2014).

3.3. Data standardization
To correct for the above effects, the raw analytical data were 

log10-transformed to a more normally distributed form, and 
levelled using the Z-score method, fi rst by sample medium 
and stream order and then by underlying bedrock in ioGAS® 
software. Z-scores convert data to units of standard deviation 
using the median as a robust estimate of the mean and the 
interquartile range (IQR) multiplied by 0.7413 as a robust 

Analyte Minimum DL Values ≤DL (%)1

Ag 2 ppb 0.3
Al 0.01 wt % 0.9
As 0.1 ppm 5.6
Au 0.2 ppb 13.6
Au INAA 2 ppb 60.1
Ba  INAA 50 ppm 0.5
Bi 0.02 ppm 11.1
Br  INAA 0.5 ppm 3.5
Ca 0.01 wt % 0.3
Cd 0.01 ppm 0.3
Ce  INAA 3/5 ppm 8.6
Co  INAA 1/5 ppm 30.4
Cr  INAA 5/20 ppm 7.1
Cs  INAA 0.5/1 ppm 32.3
Cu 0.01 ppm 0.3
Eu  INAA 0.2/1/2 ppm 46.6
Fe  INAA 0.01 wt % 0
Ga 0.1 ppm 3.8
Hf  INAA 1 ppm 22.9
Hg 5 ppb 2.1
K 0.01 wt % 8.3
La  INAA 0.5/2 ppm 0.3
Lu  INAA 0.05/0.2 ppm 19.6
Mg 0.01 wt % 0.3
Mn 1 ppm 0.3
Mo 0.01 ppm 0.3
Na  INAA 0.01 wt % 0.2
Ni 0.1 ppm 0.5
P 0.001 wt % 0.3
Pb 0.01 ppm 0.3
Rb  INAA 5/15 ppm 21.6
S 0.01/0.02 wt % 8.1
Sb 0.02 ppm 0.4
Sc  INAA 0.1/0.2 ppm 0.7
Se 0.1 ppm 6.1
Sm  INAA 0.1 ppm 4.8
Sr 0.5 ppm 0.3
Ta  INAA 0.5 ppm 50.7
Tb  INAA 0.5 ppm 50.9
Te 0.02 ppm 35.0
Th  INAA 0.2 ppm 2.3
Ti 0.001 wt % 17.7
Tl 0.02 ppm 9.8
U  INAA 0.5 ppm 0.4
V 2 ppm 6.3
W 0.1/0.2 ppm 98.1
Zn 0.1 ppm 0.3

Table 1. Summary of analytical detection levels (DL) for 
selected RGS data.

Notes: 
Determinations are by aqua regia extraction with inductively coupled 
plasma mass spectrometry or emission spectrometry fi nish and by 
instrumental neutron activation analysis (INAA) where indicated. 1Per 
cent of total 948 values except for Au by inductively coupled plasma 
mass spectrometry (total 655 values).
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estimate of standard deviation (SD). IQR is the difference 
between the 75th and 25th percentiles and covers approximately 
50% of the data distribution (Garrett and Grunsky, 2001). After 
the transformation all levelled groups have a mean of zero and 
a SD of 1.The robust Z-score levelling preserves true outliers 
and is defi ned as follows:

Comparison of univariate raw and standardized data shows 
that the logarithmic transformation coupled with the robust 
Z-score levelling results in a de-skewed and statistically 
equivalent dataset (Rukhlov et al., 2014). All interpretations of 
the RGS data presented below are based on the standardized 
values.

4. Multi-element interpretation of Carlin-type signal
The standardized data were evaluated for Carlin-type 

geochemical signals using coincident As±Hg±Tl±Sb±Au 
anomalies, regression analysis, principal components analysis 
(PCA), and weighted sum (WS) index to test for geochemical 
patterns found in the Nevada type area (Patterson and Muntean, 
2011). The model Carlin-type geochemical signatures in stream 
and lake sediments were validated by predicting the known 
Carlin-type occurrences of the Rackla belt.

4.1. Coincident pathfi nder anomalies
Elevated concentrations of As±Hg±Tl±Sb±Au in regional 

stream and lake sediments that are underlain by favourable 
geology could signal Carlin-type mineralization (Tucker et al., 
2013). In Figures 4 to 7, we illustrate sediment samples having 
As-Hg-Sb and As-Hg-Tl values greater than the 95 percentile 
and Au percentile ranks for the Kechika trough and the Rackla 
belt. Coincident As±Hg±Tl±Sb±Au anomalies highlight the 
main clusters of Carlin-type showings of the Rackla belt. 
Notably, Sb is less signifi cant in samples nearest to the Carlin-
type occurrences, similar to the geochemical signature of many 
Carlin deposits in Nevada (Patterson and Muntean, 2011). 

Many stream and lake sediment samples in the Kechika 
trough also have As±Hg±Tl±Sb±Au concentrations greater 
than the 95 percentile. In the southeast part of the study area 
(NTS 094L) is a cluster of stream-sediment samples with 
elevated As±Au, Hg±Au, As-Hg, Hg-Tl, Sb-Tl, As-Tl-Sb, 
and As-Hg-Tl-Sb concentrations (Figs. 4 and 6). The only 
sample that shows coincident As-Hg-Tl-Sb anomalies is from 
a fi rst-order catchment that is underlain by variably graphitic, 
calcareous, and pyritic, fi ne-grained siliciclastic and carbonate 
rocks, containing siliceous and baritic exhalites of the Earn 
Group. However, interpretation of these pathfi nder signals may 
be obscured by nearby MVT, VMS, and SEDEX mineralization 
(Ferri et al., 1999; Chakungal and Bennett, 2011) at shelf–slope 
transitions.

4.2. Regression analysis
Late-stage realgar and orpiment are important spatial 

indicators of Carlin deposits in Nevada (Arehart, 1996) and the 
Rackla belt (Arehart et al., 2013; Tucker et al., 2013). As vs. S 
regression analysis on the RGS data provides an effective way 
to test for these indicators in the stream and lake sediments. 
Compared to a regular least-squares regression, a robust 
regression using the least median of squares (LMS) method 
of Rousseeuw and Leroy (1987) better models most of the 
data and enhances the identifi cation of anomalies by down-
weighting outlying data points. The method uses the following 
algorithm.

1. Randomly select many sub-groups, with the minimum 
size of each sub-group being equal to the number of 
response variables plus 1.

2. Calculate squared residuals (r2) for all data using 
regression equations determined for each sub-group.

3. Calculate the residual (ri) for each sample using the 
regression equation that gives the minimum median 
squared residual.

4. Estimate a preliminary standard deviation (s0) of the 
minimum median squared residuals.

5. Assign a weight of 1 to samples having standardized 
residual, ri/s

0< 3.0, and a weight of 0 to the rest of 
samples.

6. Repeat a robust estimate of the standard deviation (s*) 
of the minimum median squared residuals on just the 
samples that had been assigned a weight of 1 in the 
previous step. 

7. Assign a weight of 1 to samples having standardized 
residual, now calculated as ri/s* < 3.0, and a weight of 0 
to the rest of samples.

8. Perform the least-squares regression on the samples 
having a weight of 1.

9. Calculate the fi nal standardized residuals for all the data 
based on the regression solution in step 8.

Figure 8a shows the results of As vs. S regression analysis 
using the LMS method on the standardized RGS data. All but one 
of the stream and lake sediment samples with the standardized 
residuals of >3.0 fall along the realgar/orpiment control line on 
the As vs. S plot in terms of the raw concentrations (Fig. 8b). 
The only outlier is a lake sediment sample (Anomaly number 
11; Rukhlov et al., 2014) containing 8.0 wt % S and 295 ppm 
As. These ‘indicator mineral’ standardized residuals mark two 
lake sediment and one stream sediment samples in the Kechika 
trough (Fig. 9), and highlight the main clusters of the Carlin-
type occurrences and a number of new targets in the Rackla 
belt (Fig. 10).

4.3. Principal components analysis (PCA)
Robust PCA describes the variation within a multivariate 

dataset using a few derived functions, termed “principal 
components” (PC1, PC2, etc.), which are not biased by 
outliers (Campbell, 1980). The principal components are linear 
transformations of input variables representing perpendicular 
best-fi t lines through the variation for all variables. The fi rst 
few principal components account for most of the variance 

Z = (Input Value – Median of group)/[Interquartile Range of group]*0.7413

170
Geological Fieldwork 2014, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2015-1

Rukhlov, Han, Nelson, Hickin, and Ferri



Fig. 4. As-Hg-Sb >95 percentiles, and Au anomalies (percentiles by symbol diameter) from RGS lake- and stream-sediment samples, Kechika 
trough. Rock legend as in Figure 2.
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Fig. 5. As-Hg-Sb >95 percentiles, and Au anomalies (percentiles by symbol diameter) from NGR stream-sediment samples, Rackla belt. Rock 
legend as in Figure 3.
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Fig. 6. As-Hg-Tl>95 percentiles, and Au anomalies (percentiles by symbol diameter) from RGS lake- and stream-sediment samples, Kechika 
trough. Rock legend as in Figure 2.
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Fig. 7. As-Hg-Tl>95 percentiles, and Au anomalies (percentiles by symbol diameter) from NGR stream-sediment samples, Rackla belt. Rock 
legend as in Figure 3.
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and, therefore, capture the essential information in the original 
multi-dimensional dataset of the input variables (Rock, 1988). 

We performed PCA on the standardized RGS data in ioGAS® 
software using a 46-element correlation matrix (Table 2). To 
minimize the impact of outliers on the principal components, 
the correlation matrix was calculated by weighting each of 
the samples by their robustly estimated Mahalanobis distance 
using a low outlier rejection algorithm. This method assigns 
low weights to outlying samples to minimize their infl uence 
on the correlation calculation, but then projects the outliers 
onto the robustly determined principal components (Campbell, 
1980).

The robust PCA best discriminates the stream-sediment 
samples derived from Carlin-type showings of the Rackla belt 
in terms of the second (PC2) and the fourth (PC4) principal 
components, which total to ~16.6% of the variation in the 
original dataset (Table 3). On the PC4 vs. PC2 diagram (Fig. 
11), data points that fall in the narrow fi eld defi ned by this 
group of stream sediments have a similar multi-element, 
Carlin-type signature. They include one lake sediment sample, 

underlain by Cambrian–Ordovician carbonate and fi ne-grained 
siliciclastic strata of the Kechika Group in Kechika trough (Fig. 
12), and a number of stream-sediment samples in the Rackla 
belt (Fig. 13).

A circle plot of scaled loadings of each variable to PC2 
and PC4 shows a loose cluster of As, Hg, Tl, Te, Ba and Ag 
(Fig. 14). Sb plots away from this Carlin-type cluster. Similar 
geochemical signatures characterize many Carlin deposits in 
Nevada (e.g., Patterson and Muntean, 2011).

4.4. Weighted sum index (WS)
WS index uses a priori knowledge of mineralization to model 

its multi-element signature by a single linear function. The 
index is similar to the fi rst principal component in PCA, but 
the relative weights for each element are assigned by the user, 
rather than being determined from the covariance or correlation 
matrix (Garrett and Grunsky, 2001).

Table 4 lists the model parameters for WS index of a Carlin-
type signature in the RGS stream- and lake-sediment samples. 
Elements chosen for the WS index show the largest absolute 
loadings to a Carlin-type factor derived from the factor 
analysis on >6,400 drill-core samples from the Jerritt Canyon 
district in Nevada (Patterson and Muntean, 2011). Relative 
importance is assigned for each element based on their Carlin-
type factor loadings. For instance, As, Hg, and Tl, which show 
the maximum loadings to the Carlin-type factor, are given 
5 times more weight than Ag, Fe, and W, which are more 
characteristic of background (Table 4). Positive importance 
signifi es elevated concentrations of pathfi nder elements 
associated with the Carlin-type model and negative importance 
indicates diagnostic depletions. The relative importance values 
are converted into weights by dividing each importance by the 
square root of the sum of the squares of all of the importance 
values, so that the sums of the squares of the weights equal 
unity. The WS index score for each sample is then calculated as 
a sum of these weights multiplied by the normal scores for each 
corresponding element included in the index. The normal score 
for each element is obtained using robust estimates of the mean 
(median) and the SD (IQR*0.7413) and the Z-score levelling 
equation given above (Garrett and Grunsky, 2001).

In the Kechika trough study area, fi ve stream-sediment and 
three lake-sediment samples show the Carlin-type WS index 
scores >98 percentile (Fig. 15). These samples are underlain 
by Paleozoic and older fi ne-grained siliciclastic and carbonate 
rocks of the Earn, Road River, Kechika, and Hyland groups. 
The stream sediments with the WS scores >98% percentile 
also predict the main clusters of the Carlin-type showings and 
highlight a few additional targets in the Rackla belt (Fig. 16).

4.5. Summary of multi-element modelling of Carlin-type 
signal in stream and lake sediments

The coincident elevated concentrations of pathfi nder 
elements, standardized residuals >3.0 from robust As vs. S 
regression analysis, and principal components analysis and 
weighted sum index scores highlight a Carlin-type signal in 11 

Fig. 8. As vs. S scatter plot for lake- and stream-sediment samples 
from the Kechika trough, and the Rackla belt. a) Standardized 
values showing the results of robust regression analysis. b) Raw 
concentrations indicating possible realgar control in the samples 
having standardized residuals (SR) >3.0.
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Fig. 9. As vs. S robust regression analysis on the RGS data, Kechika trough, highlighting standardized residuals (SR) >3.0, which may indicate 
realgar. Rock legend as in Figure 2.
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Fig. 10. As vs. S robust regression analysis on the NGR data, Rackla belt, highlighting standardized residuals (SR) >3.0, which may indicate 
realgar. Rock legend as in Figure 3.

177
Geological Fieldwork 2014, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2015-1

Rukhlov, Han, Nelson, Hickin, and Ferri



Eu
 T

b 
W

Au
Ag

Al
 A

s 
Bi

Br
Ca

 C
d 

Ce
 C

o
Cr

Ba
 C

s 
Cu

Fe
Ga

 H
f 

Hg
 

K
La

Lu
 M

g 
Mn

Mo
Na

Ni
 

P 
Pb

Rb
S 

Sb
 S

c
Se

Sm
Sr

 T
a 

Te
Th

Ti
 

Tl
 

U
V

Zn
Eu

 
1.0

 0
.3 

0.0
-0

.1
-0

.1
-0

.1 
0.0

 -0
.1

-0
.1

-0
.2 

-0
.2 

0.0
 -0

.1
0.0

-0
.1 

-0
.1 

-0
.1

0.0
-0

.1 
0.0

 -0
.1 

-0
.2

0.0
-0

.1 
-0

.2 
-0

.1
-0

.1
0.0

-0
.1 

-0
.1 

-0
.2

-0
.1

-0
.2 

-0
.2 

0.0
-0

.2
0.0

-0
.2 

-0
.1 

-0
.1

0.0
-0

.2 
-0

.2 
0.0

-0
.2

-0
.1

Tb
 

0.3
 1

.0 
0.0

0.0
0.2

0.1
 0

.1 
0.2

-0
.2

-0
.1 

0.1
 0

.2 
0.2

0.2
0.2

 0
.1 

0.2
0.1

0.1
 0

.3 
0.1

 0
.0

0.2
0.2

 0
.0 

0.0
-0

.1
0.1

0.1
 0

.1 
0.1

0.2
-0

.2 
0.0

 0
.1

-0
.1

0.2
-0

.1 
0.1

 0
.1

0.2
0.0

 0
.1 

0.0
0.1

0.1
W

 
0.0

 0
.0 

1.0
0.0

0.1
0.1

 -0
.1 

0.2
0.1

0.1
 0

.1 
0.1

 0
.1

0.1
0.0

 0
.1 

0.1
0.1

0.1
 0

.0 
0.0

 0
.1

0.1
0.1

 0
.2 

0.0
0.1

0.2
0.1

 0
.1 

0.1
0.1

0.1
 0

.2 
0.1

0.1
0.1

0.1
 0

.0 
0.0

0.1
0.1

 0
.0 

0.1
0.1

0.1
Au

 -0
.1 

0.0
 0

.0
1.0

0.2
0.1

 0
.1 

-0
.1

0.0
-0

.2 
0.3

 0
.1 

0.0
0.1

0.1
 0

.0 
0.2

0.0
0.1

 0
.2 

0.2
 0

.1
0.1

0.1
 -0

.1 
0.0

0.1
0.1

0.2
 0

.2 
0.0

0.0
0.0

 0
.3 

0.1
0.1

0.1
-0

.2 
0.1

 0
.1

0.0
0.2

 0
.1 

0.0
0.2

0.3
Ag

 -0
.1 

0.2
 0

.1
0.2

1.0
0.4

 0
.2 

0.4
0.1

-0
.3 

0.7
 0

.4 
0.3

0.6
0.4

 0
.4 

0.7
0.3

0.3
 0

.4 
0.6

 0
.4

0.4
0.5

 0
.0 

-0
.1

0.3
0.1

0.7
 0

.7 
0.5

0.4
-0

.1 
0.5

 0
.5

0.3
0.5

-0
.3 

0.3
 0

.2
0.4

0.0
 0

.6 
0.0

0.6
0.7

Al
 -

0.1
 0

.1 
0.1

0.1
0.4

1.0
 0

.1 
0.7

-0
.3

-0
.5 

0.3
 0

.8 
0.7

0.7
0.4

 0
.6 

0.6
0.5

1.0
 0

.6 
0.3

 0
.7

0.8
0.7

 0
.2 

0.1
-0

.1
0.6

0.6
 0

.3 
0.7

0.7
-0

.3 
0.1

 0
.8

-0
.1

0.8
-0

.5 
0.4

 0
.0

0.8
0.0

 0
.4 

-0
.2

0.7
0.4

As
 

0.0
 0

.1 
-0

.1
0.1

0.2
0.1

 1
.0 

0.3
-0

.3
0.1

 0
.1 

0.3
 0

.3
0.4

0.4
 0

.4 
0.3

0.5
0.1

 0
.2 

0.4
 0

.3
0.3

0.3
 0

.2 
0.4

0.1
0.0

0.4
 0

.1 
0.3

0.3
-0

.1 
0.3

 0
.3

-0
.1

0.3
0.0

 0
.2 

0.3
0.3

-0
.1 

0.4
 -0

.1
0.4

0.2
Bi

 -
0.1

 0
.2 

0.2
-0

.1
0.4

0.7
 0

.3 
1.0

-0
.3

-0
.4 

0.1
 0

.7 
0.8

0.6
0.3

 0
.6 

0.6
0.6

0.6
 0

.5 
0.2

 0
.6

0.7
0.7

 0
.2 

0.2
-0

.1
0.3

0.5
 0

.2 
0.9

0.8
-0

.2 
0.2

 0
.8

-0
.2

0.7
-0

.4 
0.5

 0
.0

0.8
-0

.3 
0.3

 -0
.2

0.3
0.3

Br
 -

0.1
 -0

.2 
0.1

0.0
0.1

-0
.3 

-0
.3 

-0
.3

1.0
-0

.1 
0.1

 -0
.4 

-0
.3

-0
.2

-0
.4 

-0
.4 

-0
.1

-0
.2

-0
.3 

-0
.4 

0.0
 -0

.3
-0

.4
-0

.2 
-0

.4 
-0

.1
0.3

-0
.1

-0
.2 

0.4
 -0

.3
-0

.5
0.3

 0
.2 

-0
.3

0.4
-0

.3
0.0

 -0
.3 

-0
.2

-0
.4

0.2
 -0

.2 
0.3

-0
.2

0.0
Ca

 -
0.2

 -0
.1 

0.1
-0

.2
-0

.3
-0

.5 
0.1

 -0
.4

-0
.1

1.0
 -0

.2 
-0

.3 
-0

.3
-0

.3
0.0

 -0
.1 

-0
.5

0.0
-0

.5 
-0

.4 
-0

.1 
-0

.3
-0

.3
-0

.4 
0.5

 0
.2

0.1
-0

.4
-0

.3 
-0

.3 
-0

.3
-0

.2
0.4

 0
.0 

-0
.4

0.2
-0

.4
0.9

 -0
.2 

0.3
-0

.3
-0

.1 
-0

.1 
0.3

-0
.2

-0
.3

Cd
 -0

.2 
0.1

 0
.1

0.3
0.7

0.3
 0

.1 
0.1

0.1
-0

.2 
1.0

 0
.2 

0.2
0.4

0.4
 0

.2 
0.6

0.1
0.3

 0
.3 

0.6
 0

.3
0.2

0.3
 -0

.1 
-0

.1
0.4

0.1
0.6

 0
.5 

0.2
0.2

0.1
 0

.7 
0.3

0.5
0.2

-0
.3 

0.2
 0

.1
0.2

0.2
 0

.6 
0.0

0.6
0.9

Ce
 

0.0
 0

.2 
0.1

0.1
0.4

0.8
 0

.3 
0.7

-0
.4

-0
.3 

0.2
 1

.0 
0.8

0.8
0.5

 0
.7 

0.6
0.6

0.8
 0

.8 
0.4

 0
.6

1.0
0.9

 0
.3 

0.1
-0

.2
0.5

0.6
 0

.2 
0.8

0.9
-0

.3 
0.1

 0
.9

-0
.1

1.0
-0

.4 
0.5

 0
.0

0.9
-0

.2 
0.5

 -0
.2

0.6
0.4

Co
 -0

.1 
0.2

 0
.1

0.0
0.3

0.7
 0

.3 
0.8

-0
.3

-0
.3 

0.2
 0

.8 
1.0

0.6
0.4

 0
.7 

0.6
0.6

0.6
 0

.6 
0.3

 0
.6

0.7
0.7

 0
.3 

0.3
-0

.1
0.3

0.6
 0

.1 
0.8

0.8
-0

.2 
0.2

 0
.8

-0
.1

0.7
-0

.4 
0.4

 0
.1

0.8
-0

.2 
0.5

 -0
.1

0.5
0.3

Cr
 

0.0
 0

.2 
0.1

0.1
0.6

0.7
 0

.4 
0.6

-0
.2

-0
.3 

0.4
 0

.8 
0.6

1.0
0.6

 0
.6 

0.7
0.6

0.6
 0

.6 
0.5

 0
.6

0.8
0.8

 0
.3 

0.0
0.0

0.5
0.7

 0
.4 

0.7
0.7

-0
.3 

0.3
 0

.9
0.1

0.8
-0

.4 
0.4

 0
.1

0.8
-0

.1 
0.6

 -0
.1

0.7
0.5

Ba
 -

0.1
 0

.2 
0.0

0.1
0.4

0.4
 0

.4 
0.3

-0
.4

0.0
 0

.4 
0.5

 0
.4

0.6
1.0

 0
.4 

0.5
0.5

0.4
 0

.4 
0.5

 0
.5

0.5
0.4

 0
.3 

0.2
0.1

0.2
0.5

 0
.3 

0.3
0.5

-0
.2 

0.3
 0

.5
0.2

0.4
-0

.1 
0.3

 0
.1

0.5
0.0

 0
.6 

0.0
0.6

0.4
Cs

 -
0.1

 0
.1 

0.1
0.0

0.4
0.6

 0
.4 

0.6
-0

.4
-0

.1 
0.2

 0
.7 

0.7
0.6

0.4
 1

.0 
0.5

0.5
0.5

 0
.5 

0.4
 0

.6
0.7

0.6
 0

.4 
0.1

0.0
0.2

0.6
 0

.1 
0.7

0.8
-0

.2 
0.2

 0
.7

-0
.1

0.7
-0

.2 
0.4

 0
.2

0.8
-0

.2 
0.5

 -0
.1

0.5
0.3

Cu
 -0

.1 
0.2

 0
.1

0.2
0.7

0.6
 0

.3 
0.6

-0
.1

-0
.5 

0.6
 0

.6 
0.6

0.7
0.5

 0
.5 

1.0
0.5

0.6
 0

.4 
0.6

 0
.6

0.6
0.6

 0
.0 

0.1
0.3

0.2
0.8

 0
.5 

0.6
0.6

-0
.1 

0.6
 0

.7
0.2

0.6
-0

.5 
0.3

 0
.2

0.6
0.0

 0
.6 

0.0
0.7

0.7
Fe

 
0.0

 0
.1 

0.1
0.0

0.3
0.5

 0
.5 

0.6
-0

.2
0.0

 0
.1 

0.6
 0

.6
0.6

0.5
 0

.5 
0.5

1.0
0.4

 0
.3 

0.4
 0

.4
0.6

0.6
 0

.3 
0.5

0.1
0.2

0.5
 0

.2 
0.5

0.6
0.0

 0
.2 

0.6
0.1

0.6
-0

.1 
0.3

 0
.1

0.5
-0

.1 
0.4

 0
.0

0.5
0.3

Ga
 -0

.1 
0.1

 0
.1

0.1
0.3

1.0
 0

.1 
0.6

-0
.3

-0
.5 

0.3
 0

.8 
0.6

0.6
0.4

 0
.5 

0.6
0.4

1.0
 0

.6 
0.2

 0
.7

0.8
0.7

 0
.2 

0.1
-0

.1
0.6

0.5
 0

.2 
0.6

0.7
-0

.3 
0.1

 0
.8

-0
.1

0.7
-0

.5 
0.4

 0
.0

0.8
0.1

 0
.4 

-0
.2

0.7
0.3

Hf
 

0.0
 0

.3 
0.0

0.2
0.4

0.6
 0

.2 
0.5

-0
.4

-0
.4 

0.3
 0

.8 
0.6

0.6
0.4

 0
.5 

0.4
0.3

0.6
 1

.0 
0.3

 0
.4

0.8
0.8

 0
.1 

-0
.1

-0
.3

0.5
0.5

 0
.2 

0.6
0.7

-0
.4 

0.1
 0

.7
-0

.1
0.8

-0
.4 

0.4
 -0

.1
0.8

-0
.1 

0.3
 -0

.2
0.4

0.3
Hg

 -0
.1 

0.1
 0

.0
0.2

0.6
0.3

 0
.4 

0.2
0.0

-0
.1 

0.6
 0

.4 
0.3

0.5
0.5

 0
.4 

0.6
0.4

0.2
 0

.3 
1.0

 0
.5

0.4
0.4

 0
.1 

0.1
0.3

0.0
0.7

 0
.4 

0.4
0.4

0.0
 0

.6 
0.5

0.3
0.4

-0
.2 

0.3
 0

.2
0.4

0.0
 0

.7 
-0

.1
0.6

0.7
K 

-0
.2 

0.0
 0

.1
0.1

0.4
0.7

 0
.3 

0.6
-0

.3
-0

.3 
0.3

 0
.6 

0.6
0.6

0.5
 0

.6 
0.6

0.4
0.7

 0
.4 

0.5
 1

.0
0.6

0.5
 0

.4 
0.2

0.1
0.2

0.6
 0

.1 
0.6

0.7
0.0

 0
.2 

0.7
0.1

0.5
-0

.3 
0.3

 0
.3

0.6
0.0

 0
.7 

0.0
0.7

0.4
La

 
0.0

 0
.2 

0.1
0.1

0.4
0.8

 0
.3 

0.7
-0

.4
-0

.3 
0.2

 1
.0 

0.7
0.8

0.5
 0

.7 
0.6

0.6
0.8

 0
.8 

0.4
 0

.6
1.0

0.9
 0

.4 
0.1

-0
.2

0.5
0.7

 0
.2 

0.8
0.9

-0
.3 

0.2
 0

.9
-0

.1
0.9

-0
.4 

0.4
 0

.1
1.0

-0
.2 

0.5
 -0

.1
0.6

0.4
Lu

 -
0.1

 0
.2 

0.1
0.1

0.5
0.7

 0
.3 

0.7
-0

.2
-0

.4 
0.3

 0
.9 

0.7
0.8

0.4
 0

.6 
0.6

0.6
0.7

 0
.8 

0.4
 0

.5
0.9

1.0
 0

.2 
0.0

-0
.1

0.4
0.7

 0
.3 

0.8
0.8

-0
.3 

0.3
 0

.9
0.0

0.9
-0

.4 
0.4

 0
.0

0.9
-0

.1 
0.5

 -0
.1

0.5
0.4

Mg
 -0

.2 
0.0

 0
.2

-0
.1

0.0
0.2

 0
.2 

0.2
-0

.4
0.5

 -0
.1 

0.3
 0

.3
0.3

0.3
 0

.4 
0.0

0.3
0.2

 0
.1 

0.1
 0

.4
0.4

0.2
 1

.0 
0.2

0.0
0.1

0.2
 -0

.1 
0.3

0.4
0.1

 0
.2 

0.3
0.0

0.3
0.5

 0
.2 

0.4
0.3

-0
.1 

0.3
 0

.2
0.3

0.0
Mn

 -0
.1 

0.0
 0

.0
0.0

-0
.1

0.1
 0

.4 
0.2

-0
.1

0.2
 -0

.1 
0.1

 0
.3

0.0
0.2

 0
.1 

0.1
0.5

0.1
 -0

.1 
0.1

 0
.2

0.1
0.0

 0
.2 

1.0
0.1

-0
.1

0.2
 0

.0 
0.1

0.1
0.1

 0
.1 

0.1
0.0

0.0
0.1

 0
.1 

0.2
0.1

0.1
 0

.2 
0.1

0.2
0.0

Mo
 -0

.1 
-0

.1 
0.1

0.1
0.3

-0
.1 

0.1
 -0

.1
0.3

0.1
 0

.4 
-0

.2 
-0

.1
0.0

0.1
 0

.0 
0.3

0.1
-0

.1 
-0

.3 
0.3

 0
.1

-0
.2

-0
.1 

0.0
 0

.1
1.0

-0
.2

0.3
 0

.2 
-0

.1
-0

.1
0.4

 0
.6 

-0
.1

0.5
-0

.2
0.2

 -0
.1 

0.3
-0

.2
0.1

 0
.3 

0.5
0.3

0.4
Na

 
0.0

 0
.1 

0.2
0.1

0.1
0.6

 0
.0 

0.3
-0

.1
-0

.4 
0.1

 0
.5 

0.3
0.5

0.2
 0

.2 
0.2

0.2
0.6

 0
.5 

0.0
 0

.2
0.5

0.4
 0

.1 
-0

.1
-0

.2
1.0

0.3
 0

.2 
0.2

0.3
-0

.3 
-0

.1 
0.5

-0
.2

0.5
-0

.3 
0.2

 -0
.2

0.4
0.3

 0
.1 

-0
.1

0.3
0.1

Ni
 -

0.1
 0

.1 
0.1

0.2
0.7

0.6
 0

.4 
0.5

-0
.2

-0
.3 

0.6
 0

.6 
0.6

0.7
0.5

 0
.6 

0.8
0.5

0.5
 0

.5 
0.7

 0
.6

0.7
0.7

 0
.2 

0.2
0.3

0.3
1.0

 0
.4 

0.6
0.6

0.0
 0

.7 
0.7

0.2
0.6

-0
.3 

0.3
 0

.2
0.6

0.0
 0

.8 
0.1

0.7
0.8

P 
-0

.1 
0.1

 0
.1

0.2
0.7

0.3
 0

.1 
0.2

0.4
-0

.3 
0.5

 0
.2 

0.1
0.4

0.3
 0

.1 
0.5

0.2
0.2

 0
.2 

0.4
 0

.1
0.2

0.3
 -0

.1 
0.0

0.2
0.2

0.4
 1

.0 
0.2

0.1
-0

.2 
0.4

 0
.3

0.2
0.3

-0
.3 

0.0
 0

.0
0.2

0.2
 0

.3 
-0

.1
0.4

0.5
Pb

 -
0.2

 0
.1 

0.1
0.0

0.5
0.7

 0
.3 

0.9
-0

.3
-0

.3 
0.2

 0
.8 

0.8
0.7

0.3
 0

.7 
0.6

0.5
0.6

 0
.6 

0.4
 0

.6
0.8

0.8
 0

.3 
0.1

-0
.1

0.2
0.6

 0
.2 

1.0
0.8

-0
.2 

0.2
 0

.8
-0

.1
0.8

-0
.4 

0.4
 0

.1
0.9

-0
.2 

0.5
 -0

.1
0.5

0.4
Rb

 -0
.1 

0.2
 0

.1
0.0

0.4
0.7

 0
.3 

0.8
-0

.5
-0

.2 
0.2

 0
.9 

0.8
0.7

0.5
 0

.8 
0.6

0.6
0.7

 0
.7 

0.4
 0

.7
0.9

0.8
 0

.4 
0.1

-0
.1

0.3
0.6

 0
.1 

0.8
1.0

-0
.2 

0.2
 0

.8
-0

.1
0.8

-0
.3 

0.4
 0

.2
0.9

-0
.2 

0.5
 -0

.1
0.5

0.3
S 

-0
.2 

-0
.2 

0.1
0.0

-0
.1

-0
.3 

-0
.1 

-0
.2

0.3
0.4

 0
.1 

-0
.3 

-0
.2

-0
.3

-0
.2 

-0
.2 

-0
.1

0.0
-0

.3 
-0

.4 
0.0

 0
.0

-0
.3

-0
.3 

0.1
 0

.1
0.4

-0
.3

0.0
 -0

.2 
-0

.2
-0

.2
1.0

 0
.3 

-0
.3

0.5
-0

.3
0.5

 -0
.2 

0.1
-0

.3
0.1

 0
.1 

0.5
-0

.1
0.1

Sb
 -

0.2
 0

.0 
0.2

0.3
0.5

0.1
 0

.3 
0.2

0.2
0.0

 0
.7 

0.1
 0

.2
0.3

0.3
 0

.2 
0.6

0.2
0.1

 0
.1 

0.6
 0

.2
0.2

0.3
 0

.2 
0.1

0.6
-0

.1
0.7

 0
.4 

0.2
0.2

0.3
 1

.0 
0.2

0.4
0.2

0.0
 0

.1 
0.2

0.1
0.1

 0
.5 

0.3
0.5

0.7
Sc

 
0.0

 0
.1 

0.1
0.1

0.5
0.8

 0
.3 

0.8
-0

.3
-0

.4 
0.3

 0
.9 

0.8
0.9

0.5
 0

.7 
0.7

0.6
0.8

 0
.7 

0.5
 0

.7
0.9

0.9
 0

.3 
0.1

-0
.1

0.5
0.7

 0
.3 

0.8
0.8

-0
.3 

0.2
 1

.0
0.0

0.9
-0

.5 
0.4

 0
.0

0.9
-0

.1 
0.6

 -0
.2

0.6
0.4

Se
 -

0.2
 -0

.1 
0.1

0.1
0.3

-0
.1 

-0
.1 

-0
.2

0.4
0.2

 0
.5 

-0
.1 

-0
.1

0.1
0.2

 -0
.1 

0.2
0.1

-0
.1 

-0
.1 

0.3
 0

.1
-0

.1
0.0

 0
.0 

0.0
0.5

-0
.2

0.2
 0

.2 
-0

.1
-0

.1
0.5

 0
.4 

0.0
1.0

-0
.1

0.2
 -0

.1 
0.1

-0
.2

0.1
 0

.3 
0.4

0.2
0.3

Sm
 0

.0 
0.2

 0
.1

0.1
0.5

0.8
 0

.3 
0.7

-0
.3

-0
.4 

0.2
 1

.0 
0.7

0.8
0.4

 0
.7 

0.6
0.6

0.7
 0

.8 
0.4

 0
.5

0.9
0.9

 0
.3 

0.0
-0

.2
0.5

0.6
 0

.3 
0.8

0.8
-0

.3 
0.2

 0
.9

-0
.1

1.0
-0

.5 
0.4

 0
.0

0.9
-0

.2 
0.4

 -0
.2

0.5
0.3

Sr
 -

0.2
 -0

.1 
0.1

-0
.2

-0
.3

-0
.5 

0.0
 -0

.4
0.0

0.9
 -0

.3 
-0

.4 
-0

.4
-0

.4
-0

.1 
-0

.2 
-0

.5
-0

.1
-0

.5 
-0

.4 
-0

.2 
-0

.3
-0

.4
-0

.4 
0.5

 0
.1

0.2
-0

.3
-0

.3 
-0

.3 
-0

.4
-0

.3
0.5

 0
.0 

-0
.5

0.2
-0

.5
1.0

 -0
.2 

0.4
-0

.4
0.0

 -0
.2 

0.4
-0

.3
-0

.3
Ta

 -
0.1

 0
.1 

0.0
0.1

0.3
0.4

 0
.2 

0.5
-0

.3
-0

.2 
0.2

 0
.5 

0.4
0.4

0.3
 0

.4 
0.3

0.3
0.4

 0
.4 

0.3
 0

.3
0.4

0.4
 0

.2 
0.1

-0
.1

0.2
0.3

 0
.0 

0.4
0.4

-0
.2 

0.1
 0

.4
-0

.1
0.4

-0
.2 

1.0
 0

.0
0.5

-0
.1 

0.3
 -0

.1
0.3

0.2
Te

 -
0.1

 0
.1 

0.0
0.1

0.2
0.0

 0
.3 

0.0
-0

.2
0.3

 0
.1 

0.0
 0

.1
0.1

0.1
 0

.2 
0.2

0.1
0.0

 -0
.1 

0.2
 0

.3
0.1

0.0
 0

.4 
0.2

0.3
-0

.2
0.2

 0
.0 

0.1
0.2

0.1
 0

.2 
0.0

0.1
0.0

0.4
 0

.0 
1.0

0.0
-0

.1 
0.3

 0
.2

0.2
0.1

Th
 

0.0
 0

.2 
0.1

0.0
0.4

0.8
 0

.3 
0.8

-0
.4

-0
.3 

0.2
 0

.9 
0.8

0.8
0.5

 0
.8 

0.6
0.5

0.8
 0

.8 
0.4

 0
.6

1.0
0.9

 0
.3 

0.1
-0

.2
0.4

0.6
 0

.2 
0.9

0.9
-0

.3 
0.1

 0
.9

-0
.2

0.9
-0

.4 
0.5

 0
.0

1.0
-0

.2 
0.5

 -0
.2

0.5
0.3

Ti
 

-0
.2 

0.0
 0

.1
0.2

0.0
0.0

 -0
.1 

-0
.3

0.2
-0

.1 
0.2

 -0
.2 

-0
.2

-0
.1

0.0
 -0

.2 
0.0

-0
.1

0.1
 -0

.1 
0.0

 0
.0

-0
.2

-0
.1 

-0
.1 

0.1
0.1

0.3
0.0

 0
.2 

-0
.2

-0
.2

0.1
 0

.1 
-0

.1
0.1

-0
.2

0.0
 -0

.1 
-0

.1
-0

.2
1.0

 0
.1 

0.1
0.2

0.1
Tl

 
-0

.2 
0.1

 0
.0

0.1
0.6

0.4
 0

.4 
0.3

-0
.2

-0
.1 

0.6
 0

.5 
0.5

0.6
0.6

 0
.5 

0.6
0.4

0.4
 0

.3 
0.7

 0
.7

0.5
0.5

 0
.3 

0.2
0.3

0.1
0.8

 0
.3 

0.5
0.5

0.1
 0

.5 
0.6

0.3
0.4

-0
.2 

0.3
 0

.3
0.5

0.1
 1

.0 
0.0

0.8
0.7

U 
0.0

 0
.0 

0.1
0.0

0.0
-0

.2 
-0

.1 
-0

.2
0.3

0.3
 0

.0 
-0

.2 
-0

.1
-0

.1
0.0

 -0
.1 

0.0
0.0

-0
.2 

-0
.2 

-0
.1 

0.0
-0

.1
-0

.1 
0.2

 0
.1

0.5
-0

.1
0.1

 -0
.1 

-0
.1

-0
.1

0.5
 0

.3 
-0

.2
0.4

-0
.2

0.4
 -0

.1 
0.2

-0
.2

0.1
 0

.0 
1.0

0.0
0.1

V 
-0

.2 
0.1

 0
.1

0.2
0.6

0.7
 0

.4 
0.3

-0
.2

-0
.2 

0.6
 0

.6 
0.5

0.7
0.6

 0
.5 

0.7
0.5

0.7
 0

.4 
0.6

 0
.7

0.6
0.5

 0
.3 

0.2
0.3

0.3
0.7

 0
.4 

0.5
0.5

-0
.1 

0.5
 0

.6
0.2

0.5
-0

.3 
0.3

 0
.2

0.5
0.2

 0
.8 

0.0
1.0

0.7
Zn

 -
0.1

 0
.1 

0.1
0.3

0.7
0.4

 0
.2 

0.3
0.0

-0
.3 

0.9
 0

.4 
0.3

0.5
0.4

 0
.3 

0.7
0.3

0.3
 0

.3 
0.7

 0
.4

0.4
0.4

 0
.0 

0.0
0.4

0.1
0.8

 0
.5 

0.4
0.3

0.1
 0

.7 
0.4

0.3
0.3

-0
.3 

0.2
 0

.1
0.3

0.1
 0

.7 
0.1

0.7
1.0

Ta
bl

e 
2.

 C
or

re
la

tio
n 

m
at

rix
 fo

r i
np

ut
 v

ar
ia

bl
es

 u
se

d 
in

 P
C

A
 o

n 
th

e 
R

G
S/

N
G

R
 la

ke
- a

nd
 st

re
am

-s
ed

im
en

t s
am

pl
es

.

N
ot

es
:

C
or

re
la

tio
n 

m
at

rix
 w

as
 c

al
cu

la
te

d 
us

in
g 

lo
g1

0-
tra

ns
fo

rm
ed

 a
nd

 le
ve

lle
d 

va
lu

es
 b

y 
w

ei
gh

tin
g 

ea
ch

 o
f t

he
 sa

m
pl

es
 b

y 
th

ei
r r

ob
us

tly
 e

st
im

at
ed

 M
ah

al
an

ob
is

 d
is

ta
nc

e 
to

 m
in

im
iz

e 
th

e 
im

pa
ct

 o
f o

ut
lie

rs
 o

n 
th

e 
pr

in
ci

pa
l c

om
po

ne
nt

s. 
Th

e 
M

ah
al

an
ob

is
 d

is
ta

nc
e 

(D
M

) i
s t

he
 d

is
ta

nc
e 

of
 a

 m
ul

tiv
ar

ia
te

 o
bs

er
va

tio
n 

to
 a

 c
en

tro
id

 o
r m

ul
tiv

ar
ia

te
 m

ea
n 

of
 a

 g
ro

up
 o

f 
ob

se
rv

at
io

ns
 a

nd
 is

 d
efi

 n
ed

 a
s f

ol
lo

w
s:

  D
M

2  =
 [x

 –
 μ

]' 
C

-1
[x

 –
 μ

] w
he

re
 x

 is
 a

 v
ec

to
r o

f a
n 

ob
se

rv
at

io
n,

 μ
 is

 th
e 

m
ea

n,
 a

nd
 C

 is
 th

e 
co

va
ria

nc
e 

m
at

rix
 (G

ru
ns

ky
, 2

00
7)

.

178
Geological Fieldwork 2014, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2015-1

Rukhlov, Han, Nelson, Hickin, and Ferri



Principal Component PC2 PC4
Eigenvectors1 Scaled coordinates4 Eigenvectors1 Scaled coordinates4

Au 0.11 0.27 -0.01 -0.01
Ag 0.19 0.46 0.12 0.18
Al -0.09 -0.21 -0.20 -0.28
As 0.07 0.16 0.31 0.43
Bi -0.12 -0.28 -0.02 -0.03
Br  INAA 0.15 0.36 -0.19 -0.27
Ca 0.09 0.22 -0.03 -0.05
Cd 0.28 0.67 0.04 0.06
Ce  INAA -0.12 -0.28 -0.04 -0.05
Co  INAA -0.07 -0.16 -0.03 -0.05
Cr  INAA 0.00 0.01 0.01 0.02
Ba  INAA 0.09 0.22 0.13 0.19
Cs  INAA -0.04 -0.10 0.05 0.07
Cu 0.14 0.32 0.05 0.07
Eu  INAA -0.12 -0.29 0.26 0.36
Fe  INAA 0.02 0.04 0.03 0.04
Ga -0.09 -0.21 -0.25 -0.35
Hf  INAA -0.12 -0.29 -0.01 -0.01
Hg 0.21 0.51 0.22 0.31
K 0.05 0.11 -0.09 -0.12
La  INAA -0.10 -0.25 -0.05 -0.08
Lu  INAA -0.06 -0.15 -0.02 -0.02
Mg 0.02 0.04 -0.16 -0.23
Mn 0.05 0.12 0.04 0.06
Mo 0.32 0.76 -0.03 -0.05
Na  INAA -0.13 -0.31 -0.35 -0.50
Ni 0.16 0.39 0.05 0.06
P 0.15 0.34 0.00 0.00
Pb -0.07 -0.16 -0.02 -0.03
Rb  INAA -0.08 -0.20 -0.02 -0.03
S 0.23 0.54 -0.24 -0.34
Sb 0.31 0.74 0.01 0.01
Sc  INAA -0.07 -0.16 -0.06 -0.09
Se 0.29 0.68 -0.15 -0.21
Sm  INAA -0.11 -0.27 -0.05 -0.07
Sr 0.10 0.24 -0.07 -0.10
Ta  INAA -0.04 -0.10 0.08 0.11
Tb  INAA -0.04 -0.10 0.23 0.33
Te 0.13 0.30 0.12 0.17
Th  INAA -0.13 -0.31 -0.01 -0.02
Ti 0.12 0.29 -0.31 -0.44
Tl 0.20 0.47 0.09 0.13
U  INAA 0.19 0.45 -0.21 -0.30
V 0.17 0.40 -0.06 -0.08
W 0.04 0.10 -0.34 -0.48
Zn 0.25 0.60 0.07 0.11
Eigenvalues2 5.6 2.0
Variation Score (%)3 12.3 4.3

Table 3. Results of robust PCA for the second and fourth principal components that best discriminate stream sediments 
associated with Carlin-type occurrences of the Rackla belt, east-central Yukon.

Notes:
1Contributions of input variables to the best-fi t line or principal component. 
2Variance of contributions within the principal component. 
3Proportion of variance captured by the principal component. 
4Loadings or lengths of the contributions from original variables scaled to the variance (eigenvalue) so that each principal component has a 
length of 1 (Fig. 14). 
The input variables are log10-transformed and levelled values of original analytical determinations by inductively coupled plasma mass 
spectrometry or emission spectrometry and instrumental neutron activation analysis (INAA). The second and fourth principal components 
scores in the sediment samples are calculated as follows:

PC2 = -0.12*Eu - 0.031*Tb + 0.046*W + 0.11*Au + 0.29*Ag - 0.15*Al + 0.084*As - 0.22*Bi + 0.14*Br + 0.099*Ca + 0.38*Cd - 0.22*Ce 
- 0.041*Co + 0.0086*Cr + 0.14*Ba - 0.016*Cs + 0.27*Cu + 0.031*Fe - 0.14*Ga - 0.24*Hf + 0.27*Hg + 0.058*K - 0.19*La - 0.12*Lu + 
0.017*Mg + 0.063*Mn + 0.40*Mo - 0.26*Na + 0.27*Ni + 0.23*P - 0.12*Pb - 0.097*Rb + 0.22*S + 0.44*Sb - 0.12*Sc + 0.34*Se - 0.22*Sm + 
0.11*Sr - 0.018*Ta + 0.19*Te - 0.26*Th + 0.098*Ti + 0.25*Tl + 0.24*U + 0.277*V + 0.40*Zn + 1.1484.

PC4 = 0.26*Eu + 0.17*Tb - 0.36*W - 0.0068*Au + 0.19*Ag - 0.34*Al + 0.39*As - 0.042*Bi - 0.18*Br - 0.036*Ca + 0.060*Cd - 0.070*Ce 
- 0.020*Co + 0.025*Cr + 0.20*Ba + 0.020*Cs + 0.092*Cu + 0.061*Fe - 0.39*Ga - 0.014*Hf + 0.28*Hg - 0.11*K - 0.096*La - 0.030*Lu 
- 0.17*Mg + 0.050*Mn - 0.041*Mo - 0.71*Na + 0.077*Ni + 0.0034*P - 0.039*Pb - 0.021*Rb - 0.24*S + 0.013*Sb - 0.10*Sc - 0.18*Se - 
0.10*Sm - 0.075*Sr + 0.034*Ta + 0.18*Te - 0.022*Th - 0.26*Ti + 0.12*Tl - 0.27*U - 0.087*V + 0.12*Zn + 0.6941.
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stream- and lake-sediment samples from the Kechika trough 
(Fig. 17). Applied to stream sediments of the Rackla belt, these 
geochemical models consistently confi rm the known Carlin-
type occurrences in the area (Fig. 18), thus validating their 
effectiveness for evaluating Carlin-type potential. The stream 
and lake sediments with a Carlin-type signal contain up to 272 
ppm As, 31 ppm Sb, 13.9 ppm Hg, 1.3 ppm Tl, 0.22 ppm Te, 

and 46 ppb Au (Rukhlov et al., 2014). The geochemical patterns 
and concentrations of pathfi nder elements in these sediments 
are comparable to those of mineralized halos near the Carlin 
deposits in Nevada (Patterson and Muntean, 2011).

5. Kechika trough: highlights and conclusions
Regional stream- and lake-sediment geochemical surveys 

Fig. 11. Discrimination diagram showing Carlin-type fi eld in terms of the second vs fourth principal components derived from the log-trasformed 
and levelled NGR and RGS data for lake and stream sediments from the Kechika trough and the Rackla belt using robustly estimated multi-
element correlation matrix (Table 2). The PC2 and PC4 total to 16.6% of variation score in the original dataset (Table 3).

Element
Method1

W
ICPMS

Ag
ICPMS

As
ICPMS

Au
ICPMS

Ca
ICPMS

Fe 
INAA

Hg
ICPMS

La
INAA

Sb
ICPMS

Sr
ICPMS

Te
ICPMS

Tl
ICPMS

Loading2 0.37 0.35 0.77 0.79 -0.14 0.31 0.85 -0.15 0.42 -0.18 0.58 0.83
Importance3 1 1 5 5 -1 1 5 -1 2 -1 3 5
Weight3 0.092 0.092 0.46 0.46 -0.092 0.092 0.46 -0.092 0.18 -0.092 0.27 0.46

Table 4. Model parameters for weighted sum index of Carlin-type signal in the RGS/NGR lake- and stream-sediment samples 
from the Kechika trough, and the Rackla belt.

Notes:
1ICPMS, aqua-regia extraction with inductively coupled plasma mass spectrometry fi nish; INAA, instrumental neutron activation analysis.
2Carlin-type Factor loadings derived from the factor analysis on >6,400 multi-element analyses of drill-core samples from the Jerritt Canyon 
district of CTGDs in Nevada (Patterson and Muntean, 2011). 
3Assigned relative importance values and their weights are based on the Carlin-type factor loadings. See text for details. 
The Carlin-type WS index score for each sample is calculated using the standardized analytical data on the stream and lake sediments as follows:

WS = 0.258*W + 0.0929*Ag + 0.469*As + 0.541*Au - 0.0972*Ca + 0.0948*Fe + 0.468*Hg - 0.0943*La + 0.187*Sb - 0.0937*Sr + 0.336*Te 
+ 0.436*Tl + 0.0730.
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Fig. 12. Robust PCA on the RGS data, Kechika trough, highlighting multi-element Carlin-type signatures in samples with second and fourth 
principal component scores similar to those from the Rackla belt. Other symbols as in Figure 2.
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Fig. 13. Robust PCA on the NGR data, Rackla belt, highlighting multi-element Carlin-type signatures in samples with second and fourth 
principal component scores similar to those in samples nearby the Carlin-type mineral occurrences in the area. Rock legend as in Figure 3.
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Fig. 15. Weighted sum index (WS) modelling of Carlin-type signature in the RGS sediments, Kechika trough (Table 4). Samples having the WS 
scores >98 percentile are highlighted. Rock legend as in Figure 2.

Fig. 14. Circle plot of scaled contributions (loadings) of each variable to PC2 and PC4 derived from robust PCA on the log10-trasformed and 
levelled RGS and NGR data for lake- and stream- sediments from the Kechika trough and the Rackla belt (Table 3). As, Hg, Tl, Te, Ba and 
Ag form a Carlin-type cluster (outlined). Analytes plotting closer to the unit circle (e.g., As, Hg and Tl) have higher loadings and are better 
represented by these components. Ca, Co, Cr, Cu, Fe, Lu, Mn, Ni, P, Sr, and V have relatively low loadings and are not labelled for clarity.
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Fig. 16. Weighted sum index (WS) modelling of Carlin-type signature in the NGR stream sediments, Rackla belt. Samples having the WS scores 
>98 percentile (highlighted) predict the Carlin-type occurrences in the area. Rock legend as in Figure 3.
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Fig. 17. RGS samples with interpreted Carlin-type signatures, Kechika trough (Appendix 4). Catchment basins for the anomalous stream-
sediment samples are smaller than their map symbols. Rock legend as in Figure 2.
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Fig. 18. NGR samples with interpreted Carlin-type signatures, Rackla belt (Appendix 4). Rock legend as in Figure 3.
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can be used to identify areas that have potential for Carlin-type 
deposits (Tucker et al., 2013). Interpretation of raw analytical 
data is enhanced by standardization methods that normalize 
analyses, and by levelling procedures to account for sample 
medium, catchment basin size, and bedrock geology.

Coincident elevated concentrations of As±Hg±Tl±Sb±Au 
in sediments may be related to Carlin-style mineralization. 
However, because of nearby MVT, VMS-SEDEX, intrusion-
related, and other types of base- and precious metal 
mineralization in the Kechika trough (Ferri et al., 1999) and the 
Rackla belt (Chakungal and Bennett, 2011) this interpretation 
is unclear.

Multi-element modelling of standardized RGS data using 
robust PCA and WS index scores and ‘indicator mineral’ 
regression analysis enhance the Carlin-type geochemical 
signal in sediments and independently confi rm known Carlin-
type deposits in the Rackla belt. Applied to the western fl ank 
of Kechika trough, these models highlight 11 lake and stream 
sediment samples that show the Carlin-type signatures (Fig. 
17). These samples are underlain by fi ne-grained siliciclastic 
and carbonate rocks in the footwall of a thrust. South of the 
study area, Lett (2001) reported up to 147 ppb Au, 20 ppm 
As, 975 ppb Ag and 59 ppm Sb in black siliciclastic rocks of 
the Gunsteel Formation, north of the Bear mineral occurrence 
(NTS 094F 024). The elevated gold- and pathfi nder-element 
bedrock anomalies, coupled with stratigraphic and structural 
similarities with the Rackla belt, suggest that Kechika trough 
holds potential for kindred Carlin-type deposits. The eastern 
margin of the Kechika trough has yet to be evaluated.

6. Exploration applications and future work
Carlin-type signals in low sample density stream and 

lake sediments mark new exploration targets in the Kechika 
trough. The Paleozoic and older fi ne-grained siliciclastic and 
carbonate rocks in this area also host numerous SEDEX Pb-
Zn-Ba deposits and at least one known intrusion-related W-Mo 
stockwork-skarn deposit (e.g., Ferri et al., 1999). Exploration 
work might focus on bedrock and surfi cial geology mapping 
of the target catchment basins, complemented by geochemical 
surveys to locate favourable replacement and breccia zones near 
long-lived faults. Realgar, orpiment, and stibnite overprinting 
auriferous As-rich pyrite are the best indicators of Carlin-type 
mineralization (Tucker et al., 2013). However, exploration in 
the northern part of Kechika trough (parts of NTS 94M and 
104P) has previously been limited by extensive drift cover 
and poor exposure. Drift prospecting and till geochemistry 
coupled with indicator mineralogy could aid interpretation of 
the geochemical anomalies. 
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