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Introduction

For many years, Geoscience BC has been engaged in the
reanalysis of archived Regional Geochemical Survey
(RGS) sample material, aswell asin the collection of new
samples to cover areas where historical sample coverage
was not adequate. A number of projectsin the past have ex-
amined waysto add val ueto these new regional geochemis-
try datasets, including the use of catchment analysistolevel
the geochemical data for dominant bedrock types in the
catchments, and to assesswhether the catchment areas used
for sampling were appropriate. Arneand Bluemel (2011) is
an example of a project using a catchment analysis ap-
proach previously sponsored by Geoscience BC with the
then newly acquired QUEST-South stream sediment geo-
chemical data. A summary of the approach used can be
found in that paper. Such approaches are designed to iden-
tify second- and third-order geochemical anomalies often
overlooked during aroutineanalysisof thedataby account-
ing for the effects of metal scavenging by secondary Fe and
Mn oxides, as well as variable background levels for im-
portant pathfinder elementsdueto theexposure of different
bedrock typesin catchment basins. In thisway, theanalysis
adds value to the existing datasets by providing additional
information not readily available to most prospectors and
geologists working for small exploration companies.

The approach to catchment analysis proposed herein is
aligned with the concept of productivity described by
Hawkes (1976) and further expanded on by Pan and Harris
(1990) and Moon (1999). Bonham-Carter and Goodfellow
(1986) demonstrated that catchment lithol ogy wasthemain
control on observed variation in stream sediment datafrom
the Nahanni region, Yukon. Other effects, such as catch-
ment area, possible adsorption of some elements onto sec-
ondary Feor Mnoxides, or onto organic material, and water
pH were considered to be minor by comparison. A similar
conclusion was reached by Carranzaand Hale (1997) in a
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study of the main controls on stream sediment geochemis-
try in the Philippines. Bonham-Carter et al. (1987) applied
a similar approach to stream sediment data from the
Cobequid Highlands of Nova Scotiaand further concluded
that use of the dominant rock type in the catchment basins
was not as effective as taking into account the areal extent
of al rock typesin the catchment. One of the fundamental
assumptions of these approaches is that similar erosion
ratesaffect al lithological units, althoughthisisunlikely to
be the case in many instances, particularly in areas of
variable relief.

The moss-mat stream sediment dataset sel ected for evalua-
tion was assembled as part of the Northern Vancouver Is-
land Exploration Geoscience project by Geoscience BC in
co-operation with the I sland Coastal Economic Trust. This
project consisted of collecting new samples (Jackaman,
2013a) and reanalyzing historical RGS samples from the
same area (Jackaman, 2011, 2014). The location of the
study area, along with the distribution of sample points, is
illustratedin Figure 1. Datafromthisterrain should beideal
for the automated generation of catchment basins. Raw Cu
in the historical RGS dataset from Vancouver Island has
previously been demonstrated to be a poor predictor of Cu
mineralization within individual catchment basins due to
the widespread distribution of mafic volcanic rocks in the
region contributing to high background Cu levels(Sibbick,
1994).

Thisproject will assesstheimpact of various approachesto
estimating background geochemical levelsfor stream sedi-
ment (moss mat) samples from the northern Vancouver |s-
land study area. New Cu anomalies should be apparent in
the map productsto be generated for this study once the ef-
fectsof elevated background Cu have been addressed. Data
for other elements important for mineral exploration that
also show variable backgrounds levels related to bedrock
geology (e.g., Ni and Ba), or tend to be easily adsorbed onto
the surfaces of secondary Fe and Mn oxides in the stream
sediments (e.g., Zn and As), will also be easier to interpret
intermsof anomaliesthat might be related to unrecognized
mineralization within the catchment basins. It ishoped that
therelease of these new map productswill stimulatefurther
mineral exploration in the study area.
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Figure 1. Location of study area showing the distribution of moss-mat
Northern Vancouver Island Exploration Geoscience project.

Validation of historical RGS samplelocation points against
the terrain resource information management (TRIM) hy-
drology for the areaisnearly completed. Catchment basins
will be defined for these sampl es shortly, followed by attri-
bution with bedrock geology and interpretation of the geo-
chemical data by the end of the year. The catchment basins
will be made available as digital geographic information
system (GIS) files along with the compiled geochemical
data and the bedrock geology for each catchment. A series
of map products in both portable document format (PDF)
and as GIS data files will also be supplied. Completion of
this project is anticipated in early 2015.

Method

Historical and recent moss-mat sediment geochemical data
and samplelocation metadatawere obtained from previous
Geoscience BC papers. Original field and analytical data
obtained by Gravel and Matysek (1989) were taken from
Jackaman (2013a). Datafrom thereanalyses of the original
sampleshby inductively coupled plasma—mass spectrometry
(ICP-MYS) following an aqua-regia digestion at ALS Min-
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stream sediment samples reanalyzed and collected as part of the

erals (North Vancouver, British Columbia) were also
obtained from Jackaman (2013a). These data were supple-
mented by the addition of Pt and Pd data by |ead-collection
fire assay from the reanalysis of the original RGS samples
in Jackaman (2011). A total of 721 new moss-mat samples
were collected for the Northern Vancouver |sland Explora-
tion Geoscience project area in 2012 (Jackaman, 2013).
These samples were analyzed using both ICP-MS follow-
ing an aqua-regiadigestion at ALS Mineralsand by instru-
mental neutron activation analysis (INAA) at Becquerel
Laboratories Ltd. (Mississauga, Ontario). Data on water F
contents, pH and conductivity, aswell as sediment loss-on-
ignition (LOI) and F were al so obtained for these new sam-
ples. The archived RGS samples were also reanalyzed by
INAA at Becquerel Laboratories Ltd. and the results are
reported in Jackaman (2014). The sources of datacompiled
for this study are summarized in Table 1.

The stream sediment samples from the northern Vancouver
Island study areawere obtained from moss mats. The high
flow velocities of many streams in this region meant that
very littlefine-grained material could berecovered through
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Table 1. Summary of data sources and type compiled for this project, northern Vancouver Island.
Abbreviations: ICP-MS, inductively coupled plasma—mass spectrometry; INAA, instrumental neutron

activation analysis; LOI, loss-on-ignition.

Number Data

Source Data type
Geoscience BC Report COriginal analyses 1120
2013-11 Appendix B
{MEMPR RGS 21-25)
Geoscience BC Report Reanalyses 1120
2011-04
Geoescience BC Report New samgples 721
2013-11 Appendix A
Genscience BC Report Reanalyses 1107
2014-03

1841

oniginal field metadata; Au by fire assay with
charge weights; LOI, F in sediment and water, U
in water, pH

aqua-regia ICP-MS; Pt and Pd by fire assay with
charge weights

agua-regia ICP-MS; INAA with charge weights,
L1, F in sediment and water, pH, conductivity
INAA with charge weights

Total number of samples

the collection of traditional stream sediment samplesfrom
local traps (Gravel and Matysek, 1989). M oss mats, how-
ever, contained abundant fine-grained sediment and pref-
erentially trapped heavy minerals, and so were the pre-
ferred sampling material for both the 1988 and 2012
surveys. The samples were disaggregated after drying to
remove the organic material and then the sediment was
sieved to =177 um.

Cui (2010) emphasized the necessity of validating the his-
torical RGS sample locations, which were manually lo-
cated on NTS 1:50 000 topographic map sheets, against the
hydrology layer using the current 1:20 000 scale TRIM top-
ographic and hydrological dataavailablein British Colum-
bia, astheentire approach ispredicated on theattribution of
sample datato the correct watershed. Catchment basinsfor
thevalidated samplelocationsare provided by Y. Cui of the
British Columbia Geological Survey using the automated
methodology described in Cui et al. (2009). This approach
involves a three-stage computation:
1) identify the root watershed for each stream sediment
sample site
2) retrieve all watersheds upstream of the root watershed
3) dissolve the upstream watershed boundaries to yield a
single catchment for each sample

This approach differs from that used by Sibbick (1994).
The catchments defined for that analysis were digitized
manually from NTS 1:50 000 topographic maps; however,
the catchment basins for samples with nested catchments
were truncated at the next upstream sample, meaning that
the catchment areafor some RGS samplesin that study will
be underestimated compared to this study’s approach. In
addition, the contribution of bedrock typesto the geochem-
istry of the stream sediment samplesfrom areaslocated up-
stream from other samples on the same drainage system
would not be taken into account using these root catch-
ments only. A previous comparison of catchment areas de-
rived using the two methods indicates good agreement for
the bulk of the catchments, but reveal s considerabl e scatter
between a significant number of catchments determined
manually and those derived using the automated procedure
described by Cui et al. (2009). In someinstances, thediffer-
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encesareontheorder of several ordersof magnitude. These
differences either reflect the different approachesto evalu-
ating nested catchments or differencesin placement of the
samples on the different hydrology layers (NTS 1:50 000
versus TRIM).

Theinvestigation by Arne and Bluemel (2011) used asim-
ple approach to leveling stream sediment data for catch-
ment geology by using the dominant bedrock type. The
dominant bedrock type was identified in a GIS query of
published bedrock geology and catchments derived using
an automated analysis of TRIM terrain data by the British
Columbia Geological Survey, as previously described.
Considerable effort on the QUEST-South project was ex-
pendedin manually validating thel ocations of 8536 histori-
cal RGS samples using archived field maps. In the case of
the 721 newly acquired northern Vancouver Island stream
sediment samples availablefor this study, the locations are
assumed to have been well positioned using modern satel-
lite technology. The locations of 1120 historical samples
collected in 1988, however, need to bevalidated against the
TRIM hydrology layer.

The approach used by Arneand Bluemel (2011) will not al-
waysbe appropriatein large catchment basinswhere multi-
plerock types are to be anticipated, nor doesit account for
variable erosion rates within the catchment. A spatially in-
significant rock unit may contribute disproportionately to
the geochemistry of a stream sediment sample from the
catchment if itisrelatively enriched in aparticular element.
A more accurate approach would be to estimate a back-
ground valuefor each catchment and element of interest us-
ing background valuesfor individual lithological unitsand
then apply aweighting to these val ues based on the propor-
tion of each unit exposed within the catchment. Such
weightings assume a constant supply of sediment from
each rock type and may require adjustment to account for
local variationsin relief and erosion weights. Topography
and variable weathering effectsfor different rock typesare
no doubt important factors in controlling the geochemical
input from each rock type in acatchment basin, but such a
detailed study isbeyond the scope of thisinvestigation. An
intermediate approach that iscomputationally efficientisto
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use the presence of a particular lithological unit or unitsto
assess catchment basins in a pass/fail approach. This may
be as effective as using the entire catchment geology
(Bonham-Carter et a., 1987).

The approach used in this study isto estimate background
stream sediment valuesfor asmany lithological unitsinthe
study area as possible in catchments underlain by asingle
lithological unit but not known to contain mineralization
enriched in the elements of interest. Where insufficient
catchments meet these criteria, it may be necessary to in-
clude catchment basins outside the study areato obtain suf-
ficient data or to statistically filter anomalous data from
mineralized catchmentsfrom the entire dataset. Geochemi-
cal values from till in the study area (Jackaman, 2013b)
may also be used where a significant amount of till occurs
within the catchment. A theoretical background value for
key elements will be calculated for each catchment using
the estimated proportion of variouslithological unitsand a
weighted average calculated from the background geo-
chemical valuesfor the units (weighted background val ue,
WBYV; or catchment background values), a procedure that
inherently assumes constant sediment supply fromall areas
of the catchment.

Observed stream sediment data will be compared to the
WBYV and the differences recorded in terms of the number
of standard deviations above the WBYV in order to level the
data and define anomalous catchments. In practice, these
calculationscan be performed using robust multipleregres-
sion following the approach recommended by Rose et al.
(1970), Bonham-Carter and Goodfellow (1986), and
Carranzaand Hale (1997). Unlike the traditional approach
to productivity, there will be no attempt to estimate the size
or element enrichment associated with atheoretical mineral
deposit within the catchment, asthisapproachisalso influ-
enced by the position of the deposit within the catchment
relative to the stream sediment sample location. The ap-
proach will bevalidated by comparing the resultsto known
mineral occurrences and deposits to see if there is an im-
provement in predictive capability compared to more
traditional andlesscomputationally intensive approaches.

An additional factor to be considered is the possibility of
scavenging cations by secondary iron oxides in the sam-
ples. Thisis known to be an important influence on stream
sediment data in areas of low relief (Bonham-Carter and
Goodfellow, 1986) and is suggested by a positive associa
tion of Feand elementssuch asV intheoriginal 1988 moss-
mat dataset from northern Vancouver Island. Elements af-
fected by suspected scavenging effects will have to be
treated through principal component analysisthat includes
the variables Fe and/or Mn, or by the generation of residu-
als to indicate the presence of anomalous metals within
particular catchments.
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Principal component analysiswill be used to assess avari-
ety of influences on the raw geochemical data (lithological
control, possible scavenging effects by secondary Fe and
Mn oxides or organic matter, commodity element associa-
tions related to mineral deposits). Regression analysis of
the data against the most important principal components
will highlight samples that are anomalous and alow anin-
dependent validation of the weighted background values.

The effectiveness of current sampling coverage will be as-
sessed through the evaluation of plots of metal concentra-
tion versus catchment area sampled to identify the catch-
ment area at which the effects of dilution appear to reduce
most stream sediment samplesto regional background lev-
els. This represents the maximum catchment area that
should be sampled. Samples that capture sediment from
larger catchmentsthan thisvalue can be considered to have
been undersampled and these areas provide opportunities
for follow-up sampling at ahigher density to assessmineral
potential. Regional background values for individual ele-
ments can also be compared to catchment background val-
uesto assesstheinfluenceof particular lithological unitson
the stream sediment data.

Comments on Data Quality

Theissueof dataprecisionfor theoriginal RGS Au datahas
previously been noted, most recently by Arne and
MacFarlane (2014). Gold was originally determined on the
RGS samplesfrom northern Vancouver Island using alead
collection fire assay with a 10 g (and occasionally a 5 g)
charge. Datafor 656 duplicate pairswere obtained from all
RGS samples collected on Vancouver Island in 1988 and
1989. The datafor 383 duplicate pairs having average val-
uesin excess of 10 ppb (i.e., an order of magnitude above
the 1 ppb lower limit of detection for a10 g charge) are pre-
sented in Figure 2. The data clearly suffer from poor
reproducibility with an indication of a negative biasin the
duplicate analyses. The average coefficient of variation for
these duplicate pairs is 102%, calculated using the root-
mean-squared (RMS) method described by Stanley and
Lawrie (2007).

Gold data obtained from the more recent ICP-MS
reanalyses are likely to have even greater variance given
the 0.5 g aliquot analyzed. The INAA Au analyses are
based on an average charge weight of 37.3 g for the new
sampleanalysesand 27.41 for thereanalysesby INAA. The
latter includes a wide range of aliquot weights, from just
over 50 gtolessthan 1 g, so the precision of individual val-
ueswill bevariable. The INAA Au data are assumed to be
superior totheoriginal RGS Au datagiven averagealiquots
three times what was originally analyzed. Only 8% of the
archived samples analyzed by INAA had sample weights
lessthan 10 g; therefore, the INAA datawill be used to pro-
vide the Au values for this study.

Geoscience BC Summary of Activities 2014
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Figure 2. Comparison of historical RGS Au data from analytical duplicates analyzed by fire assay in

1988 and 1989, Vancouver Island.

The quality of the PGE datais also variable depending on
which dataset is examined. The archived RGS samples for
all of Vancouver Island were analyzed for Pt and Pd by fire
assay using an average charge weight of 22.7 g and lower
limits of detection for Pd and Pt of 0.5 and 0.1 ppb, respec-
tively. The PGE data for the new samples collected on
northern Vancouver Island in 2012 have been analyzed by
ICP-MSusing a0.5 g aiquot with lower limits of detection
for Pd and Pt of 1 and 2 ppb, respectively. The fire assay
PGE data from the archived samples are therefore consid-
ered to be superior. Equal weighting should not be given to
all Pdand Pt resultsfrom the project areagiventhepossible
physical transport of PGE grains in the streams sampled
duetotheir high velocitiesand thereforeit islikely the data
were obtained from nonrepresentative samples.

Although data quality for the reanalysis of historical RGS
samples and the analysis of new samples collected in 2012
have previously been assessed, the quality-control data
were not made publicly available. The final report on this
project will include a brief assessment of the quality-con-
trol samples associated with the new data acquired by
Geoscience BC.
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