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INTRODUCTION

This Geofile reports additional analytical data for
regional geochemical survey samples collected in the
Toodoggone River (NTS 94E) and McConnell Creek
(NTS 94D) map sheets (Figure 1). These surveys, carried
out in 1996, generated 1997 stream sediment samples
from 1885 sites over a 25 000 square kilometre area. The
samples were analysed for 35 elements by a combination
of aqua regia digestion-atomic absorption spectrometry,
by instrumental neutron activation and for loss on ignition
at 500°C. Survey results were reported in British
Columbia Ministry of Energy and Mines Open files
(Jackaman, 1997 a and b). In 1997 the sediment samples
were re-analysed for 30 elements with separate
hydroxylamine hydrochloride and sodium acetate leaches
followed by inductively coupled plasma emission
spectrometry (ICP/ES).

[| Completed 1:250 000 Stream
| SedimentWater Surveys

Re-analysed sediment
samples

Figure 1. Toodoggone River (NTS 94E) and McConnell Creek
(NTS 94D) Map Sheets

Selective geochemical extractions can be used to
distinguish between geogenic and anthopogenic derived

elements (Hall, 1998) and can also enhance geochemical
anomaly contrast by selectively removing the most
mobile metal fraction from a mineralized source. Sodium
acetate buffered to pH 5 will extract metals adsorbed to
the surface of clay and secondary oxide phases in soil and
drainage sediment and can dissolve carbonate minerals.
Acid hydroxylamine hydrochloride solution will extract
metals that have been scavenged by non-crystalline iron
and manganese oxides. Each reagent, if applied
independently, will extract metals from several phases
including the one for which the reagent is specific. Hence,
single selective extractions are more useful for improving
contrast and thereby rating geochemical anomalies than
for discriminating between metals associated with mineral
phases. Leaches can be made more specific for a
determining the amount of metal bound to particular
mineral phase in samples using a sequential extraction
scheme in which each reagent is applied sequentially to a
sample.

BACKGROUND INFORMATION

Details about the regional geochemical surveys
covering the area from which the reanalysed samples
were taken can be found in British Columbia Ministry of
Energy and Mines Open files (Jackaman, 1997 a and b).
The Open Files have information about sampling and
analytical methods, a bedrock geological legend and a
preliminary evaluation of the survey results. Copies of the
Open File texts are reproduced in Appendix A of this
Geofile. Diakow et al., 2005 and Schiarizza and Tan,
2005 have published the results of geological mapping
and mineral deposit studies in the Toodoggone district.

ANALYTICAL METHODS

A 0.5-gram split of each archive sample was leached
with 5 mL of 1M sodium acetate-acetic acid solution (pH
5) at 25°C for one hour. The suspension was shaken every
ten minutes and the sediment allowed to settle for one
hour before decanting the clear solution. This solution
was analysed for 30 elements by inductively coupled
plasma emission spectrometry (ICP/ES) using a Jarrel



Ash spectrometer. A second 0.5-gram split of each sample
was leached with 10 mL of 0.25 M hydroxylamine
solution in 5 percent hydrochloric acid at 60°C for one
hour. The sediment was allowed to settle for five hours
before decanting the clear solution. This solution was
also analysed for 30 elements by inductively coupled
plasma emission spectrometry (ICP/ES). Detection limits
are given in Table 1 and all of the analytical results are
listed in Appendix B. Acme Analytical Laboratories,
Vancouver, BC, carried out the selective extraction
analysis.

TABLE 1. DETECTION LIMITS FOR ELEMENTS
DETERMINED IN SODIUM ACETATE AND
HYDROXYLAMINE HYDROCHLORIDE
EXTRACTIONS

Element NaOAC HydroxCl  Units
Aluminum 0.01 0.01 %

Antimony 2 2 ppm
Arsenic 2 2 ppm
Barium 2 2 ppm
Boron 3 3 ppm
Bismuth 2 2 ppm
Cadmium 0.2 0.2 ppm
Calcium 0.01 0.01 %

Chromium 1 1 ppm
Cobalt 1 1 ppm
Copper 1 1 ppm
Gold 2 2 ppm
Iron 0.01 0.01 %

Lead 3 3 ppm
Lanthanum 1 1 ppm
Magnesium 0.01 0.01 %

Manganese 2 2 ppm
Molybdenum 1 1 ppm
Nickel 1 1 ppm
Phosphorus 0.001 0.001 %

Potassium 0.01 0.01 %

Silver 0.3 0.3 ppm
Sodium 0.01 0.01 %

Strontium 1 1 ppm
Thorium 2 2 ppm
Titanium 0.01 0.01 %

Tungsten 2 2 ppm
Uranium 5 5 ppm
Vanadium 1 1 ppm
Zinc 1 1 ppm

and Table 3 |lists precision for
hydrochloride determined elements.

hydroxylamine

For many of the elements determined by sodium
acetate the %RSD values are zero because all of the
values are below detection limit. Where element
concentrations are above detection limit (e.g. Ba, Ca)
poor precision (i.e. large %RGS values) for the sodium
acetate leach suggests varying extraction of elements
from standard replicates. Precision is improved for the
standards analysed by the hydroxylamine hydrochloride
leach because of the greater concentration of elements
extracted relative to the detection limit.

TABLE 2. PERCENT RSD FOR ELEMENTS IN
LKSD 1 & STSD 2 ANALYSED BY SODIUM
ACETATE-ICPES

QUALITY CONTROL

Analytical precision (reported as percent relative
standard deviation - %RSD) for hydroxylamine
hydrochloride and sodium acetate determined elements
have been calculated from the replicate analyses of the
CANMET reference standards LKSD 1 and STSD 2.
These standards were analysed with the samples. Table 2
lists precision for sodium acetate determined elements

Element LKSD1 LKSD1 STSD 2 STSD 2
Mean %RSD Mean % RSD
Al_% 0.01 0 0.01
Ag_ppm 0.3 0 0.3
As_ppm 2 0 2
Ba_ppm 13 55 21 13
B_ppm 3 0 3
Bi_ppm 2 0 2
Cd_ppm 0.2 0 0.3 27
Ca_% 1.39 53 0.35 12
Cr_ppm 1 0 1 0
Co_ppm 1 0 1
Cu_ppm 1 0 1.2 30
Au_ppm 2 0 2 0
Fe_% 0.022 35 0.01
Pb_ppm 3 0 3 0
La_ppm 1 0 1.2 30
Mg_% 0.05 15 0.03 15
Mn_ppm 88 50 32 23
Mo_ppm 3 27 1 0
Ni_ppm 1 0 1
P_% 0.001 0 0.001 0
K_% 0.02 39 0.025 35
Na_% 0.01 0 0.01 0
Sr_ppm 16 38 25
Th_ppm 2 0 2 0
Ti_% 0.01 0 0.01
U_ppm 6 22 5 16
V_ppm 1 0 1 0
W_ppm 2 0 2 0
Zn_ppm 6 76 1 38




TABLE 3. PERCENT RSD FOR ELEMENTS IN

LKSD 1 & STSD 2 ANALYSED BY
HYDROXYLAMINE HYDROCHLORIDE-ICPES

Element LKSD1 LKSD1 STSD 2 STSD 2
Mean %RSD Mean % RSD
Al_% 0.13 20 0.92 11
Ag_ppm 0.3 0.6 20
As_ppm 12 9 18
Ba_ppm 80 75
B_ppm 5 20 3
Bi_ppm 25 49 4.1 47
Cd_ppm 0.6 15 0.9 10
Ca_% 6.83 3 0.89 8
Cr_ppm 2.7 31 12.3 20
Co_ppm 4 11 9 11
Cu_ppm 4 33 19 11
Au_ppm 2 2 0
Fe_% 0.37 1.3 13
Pb_ppm 37 17 57
La_ppm 7 14 20
Mg_% 0.36 5 0.40 16
Mn_ppm 323 4 533
Mo_ppm 1 0 1
Ni_ppm 5 10 17 14
P_% 0.056 4 0.078 5
K_% 0.02 19 0.03 15
Na_% 0.01 0 0.02 20
Sr_ppm 63 3 80
Th_ppm 2 0 2
Ti_% 0.01 0 0.01
U_ppm 0 12 35
V_ppm 16 17 12
W_ppm 0 2 0
Zn_ppm 63 5 87 10
RESULTS

Appendix B contains all of the analytical results for
the sodium acetate and hydroxylamine hydrochloride

extractions. Statistics (mean, median, standard deviation,
maximum, percentiles) for all data and for samples
subdivided according the geological units identified in the
legend reproduced in Appendix A are listed in Appendix
C. Figure 2 is a sample location map. Regional geology
and location of major mineral deposits (e.g. Kemess) are
shown in Figure 3.

A preliminary interpretation of the selective
extraction results has focused on the key ore indicator
elements e.g. Cu, Mo and Zn. Element concentrations
area shown as colour-coded drainage basin and as
symbols on maps plotted from the sodium acetate and

hydroxylamine data. On each map the anomaly contrast
(element value: 95 percentile value ratio) for each
sediment sample site is displayed as symbols of varying
size and colour. Element concentrations at the 95 and 99
percentile are shown as colour coded drainage basins. The
maps are designed to identify sample sites where the
geochemical anomaly contrast suggests a mineralized
source. For example, sediment from streams close to
Kemess North and the Baker Mine has sodium acetate Cu
anomaly contrast greater than 30. There are also two sites
with high sodium acetate Cu contrast in the northern part
of the Toodoggone River map sheet near the TK prospect
(Figure 4). These sites are also highlighted by the high
hydroxylamine hydrochloride Cu contrast (Figure 10).

When comparing results for the two selective
extractions it should be empahsised that the more rigorous
hydroxylamine hydrochloride will also liberate not only
the metals bound to secondary Fe-Mn oxides in the
sample, but also more weakly bound metal typically be
removed by sodium acetate. Thus, sodium acetate contrast
is a more direct indictor of the most mobile hydromorphic
component in a sediment sample.

The largest cluster of sample sites with high sodium
acetate Zn contrast (Figure 5) is in the area between the
Mets and Shaster deposits and there are isolated sites
where the Zn contrast exceeds 4 in the western part of the
area. Samples with high hydroxylamine hydrochloride Zn
contrast have a similar pattern to sodium acetate (Figure
12). There is a broad belt of drainages with higher
hydroxylamine hydrochloride (47 to 117 ppm) Zn in the
southwest part of the McConnell Creek map sheet through
an area largely underlain by Bowser Group sediments.

A belt of northwest trending samples sites with high
sodium acetate Ni contrast in the Toodoggone River map
sheet (Figure 6) are mainly underlain by Cretaceous
quartz monzonite intrusives and the high Ni contrast may
reflect mineralization of more mafic rocks associated with
these intrusive bodies. Hydroxylamine hydrochloride Ni
contrast shows a similar pattern to sodium acetate Ni with
additional anomalies outlined in the McConnell Creek
map sheet (Figure 14). Less than 5 sites have sodium
acetate Pb contrast greater than 1 (Figure 7). Most of sites
where hydroxylamine hydrochloride Pb contrast is greater
than 5 are in the belt east of the Mets-Shaster mine
(Figure 13). Sites have sodium acetate Co contrast
greater than 1 (Figure 8) and hydroxylamine
hydrochloride Co contrast greater than 5 (Figure 15) are
in the northwest-southeast belt that corresponds to the
higher contrast Ni. There are also several sites with high
(contrast >5) Co and Ni (contrast >3) in the northeast part
of the Toodoggone River map sheet that may be reflect
mineralization in the Upper Triassic Stuhnini Group.
Figure 9 show that sediment sample sites with high Cd
sodium acetate contrast (> 11) have a similar distribution
to Zn. Only three sites have hydroxylamine hydrochloride
contrast Mo > 5 (Figure 11) and two of these close to the
Shaster — Kemess mines. Figure 16 showns the
distribution ~ of  higher  contrast  hydroxylamine



hydrochloride Mn. There are Mn anomaly clusters around
the Shaster — Kemess mines and to the northwest of this
area Sediment sites where both Cu and Mo
hydroxylamine hydrochloride contrast is greater than 2
are shown in Figure 17. There are two sites, one close to
Kemess North and the other close to the TK Cu-Mo
prospect near the northern boundary of the Toodoggone
River map sheet that are highlighted by the higher
contrast Cu-Mo anomalies.

CONCLUSIONS

Results of partial extraction of elements from stream
sediment samples in the Toodoggone River - McConnell
Creek map sheets has revealed that:

1. Hydroxylamine hydrochloride  contrast
reveals two distinct Cu-Mo anomaly clusters
in the Toodoggone River map sheet. One
cluster is related to the Kemess North mine
and the other is near the TK Cu-Mo
prospect. There are three other sample sites
in both map sheets with high (> 11) sodium
acetate Cu contrast.

2. The largest cluster of sediment samples with
high sodium acetate Zn and Cd anomaly
contrast is in the area between the Mets and
Shaster deposit.

3. Most sediment samples with high Co and Ni
anomaly contrast in both sodium acetate and
hydroxylamine hydrochloride are in an area
underlain by intrusive rocks in the northeast
part of the Toodoggone River map sheet.
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INTRODUCTION

Open File BC RGS 46 was published in July, 1997 as part of the British Columbia Regional
Geochemical Survey (RGS) Program. This Open File includes analytical data and field observations
compiled from a reconnaissance-scale stream sediment and water survey conducted in NTS map sheet

Toodoggone River (94E) during the 1996 field season. This survey was managed and funded by the British
Columbia Ministry of Employment and Investment.

Analytical results and field observations compiled by the RGS Program are used in the development of
a high quality geochemical database suitable for mineral exploration, resource assessment and as an aid to
metallogenic studies and geological interpretations. Sample collection, preparation and analysis are closely

monitored by Ministry staff to ensure consistency and conformance to national standards as described by
Ballantyne (1991).

ACKNOWLEDGMENTS

Contracts were awarded on a competitive bid process to the following companies for sample collection,
preparation and analysis. The contracts were managed by Ministry staff.
COLLECTION : McElhanney Consulting Services Ltd., Vancouver, B.C.
PREPARATION : Rossbacher Laboratories Ltd., Burnaby, B.C.

ANALYSIS : CanTech Laboratories Ltd., Calgary, ALTA. (Sediments and Waters)
Activation Laboratories Ltd., Ancaster, ONT. (Sediments)

OPEN FILE FORMAT

Open File BC RGS 46 includes a data booklet, a map booklet and a 3.5" floppy diskette. The open file
data booklet is divided into the following sections. Refer to notes preceding each section for important

information on data presentation format.
e Survey details.
e Listings of field and analytical data.
e Listings of analytical duplicate data.

o Areal distribution of geological formations within catchment basins.
e Summary statistics.

e Threshold tables.

e Sample evaluation charts.
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Figure 1. Survey location map.

The open file map booklet is divided into the following sections :

Sample location overlay and map.

Bedrock geology overlay and map.

Mineral occurrence map.

Catchment basin maps for individual metals and elements.
Base metal anomaly map.

Precious metal anomaly map.

The open file diskette (3.5", high-density) includes :

o Raw analytical and field data in comma delimited format.
o Digital catchment basin polygons and attributes (DXF format).
o Document files detailing data format specifications and survey details.

British Columbia Regional Geochemical Survey

BC RGS 46/ NTS 94E - Toodoggone River ... 1



Ministry of Employment and Investment

Geological Survey Branch

SAMPLE COLLECTION

Helicopter-supported sample collection was carried out during the summer of 1996. A total of 963
stream sediment and 961 stream water samples were systematically collected from 909 sites. Average sample
site density was 1 site per 12.5 square kilometres over the 11,500 square kilometre survey area. Field
duplicate samples (54 total pairs) were routinely collected in each analytical block of twenty samples.
Samples were not collected in Spatsizi Plateau Wilderness Park and Tatlatui Provincial Park.

The majority of primary and secondary drainage basins having catchment areas of less than 10 square
kilometres were sampled. Sediment samples weighing 1 to 2 kilograms were obtained from the active
(subject to annual flooding) stream channel and placed in kraft paper bags. Samples were primarily
composed of fine-grained material mixed with varying amounts of coarse sand, gravel and organic material.
Contaminated or poor-quality sample sites were avoided by choosing an alternate stream or by sampling a
minimum of 60 metres upstream from the source of contamination. Surface water samples were collected in
250 millilitre bottles; precautions were taken to exclude suspended solids when possible. Standard field
observations regarding sample media, sample site and local terrain were also recorded. To assist follow-up,
aluminum tags inscribed with the sample site identification number were fixed to permanent objects at each
sample site.

SAMPLE PREPARATION

At a field camp, sediment samples were air dried at a temperature range of 30°C to less than 50°C.
Material finer than 1 millimetre was recovered by sieving each sample through a -18 mesh (<177 pm) ASTM
screen. Field-dried sediment samples were shipped to Rossbacher Laboratories Ltd. (Burnaby, B.C.) for final
sample preparation. The samples were air dried and the -80 mesh fraction was obtained by dry sieving.
Quality control reference standards and analytical duplicate samples were inserted into each analytical block
of twenty sediment samples. Any remaining -80 mesh sediment and a representative sample of +80 to -18
mesh fraction was archived for future analyses.

At the Ministry laboratory, quality control reference standards and analytical blanks were inserted into
each analytical block of twenty water samples.

STREAM SEDIMENT ANALYSIS

CanTech Laboratories (Calgary, Alberta) analyzed the sediment samples for antimony, arsenic,
bismuth, cadmium, cobalt, copper, fluorine, iron, lead, manganese, mercury, molybdenum, nickel, silver,
vanadium, and zinc. Reported detection limits for each element are listed in Table 1.

Antimony was determined by aqua regia digestion - hydride generation atomic absorption spectroscopy.
A 0.5-gram sample was placed in a test tube with 3 millilitres of concentrated nitric acid and 9 millilitres of
hydrochloric acid. The mixture was allowed to stand overnight at room temperature prior to being heated to
90°C for 90 minutes. The mixture was cooled and a 1 millilitre aliquot was diluted to 10 millilitre with 1.8M

hydrochloric acid. The solution was analyzed for antimony by hydride generation atomic absorption
spectroscopy as described by Aslin (1976).

Arsenic and bismuth were determined by aqua regia digestion - hydride generation atomic absorption
spectroscopy. A 1-gram sample was digested with 3 millilitres of concentrated nitric acid for 30 minutes at
90°C. Concentrated hydrochloric acid (1 mL) was added and the digestion was continued at 90°C for an
additional 90 minutes. A 1-millilitre aliquot was diluted to 10 millilitres with 1.5M hydrochloric acid in a
clean test tube. The diluted sample solution was added to a sodium borohydride solution and the hydride
vapour passed through a heated quartz tube in the light path of an atomic absorption spectrometer.

Cadmium, cobalt, copper, iron, lead, manganese, nickel, silver and zinc were determined by aqua regia
digestion - flame atomic absorption spectroscopy. A 1-gram sample was reacted with 3 millilitres of
concentrated nitric acid for 30 minutes at 90°C. Concentrated hydrochloric acid (1 mL) was added and the
digestion was continued at 90°C for an additional 90 minutes. The sample solution was then diluted to 20
millilitres with metal-free water and mixed. The solution was analyzed for metals using atomic absorption
spectroscopy. Background corrections were made for lead, nickel, cobalt and silver.

Fluorine was determined by specific ion electrode as described by Ficklin (1970). A 0.25-gram sample
was sintered with a 1-gram flux consisting of 2 parts by weight of sodium carbonate and 1 part by weight of
nitric acid. The residue was then leached with water and the sodium carbonate was neutralized with 10
millilitres 10% citric acid. The resulting solution was diluted to 100 millilitres with water to a pH of 5.5 to
6.5. Fluoride was measured using a fluoride ion electrode and reference electrode.

Molybdenum and vanadium were determined by atomic absorption spectroscopy using a nitrous oxide
acetylene flame. A 0.5-gram sample was reacted with 1.5 millilitres of concentrated nitric acid at 90°C for 30
minutes. Concentrated hydrochloric acid (0.5 mL) was added and the digestion continued for an additional
90 minutes. After cooling, 8 millilitre of 1250 ppm aluminium solution was added and the sample solution
diluted to 10 millilitre before determination of molybdenum and vanadium by atomic absorption
spectroscopy.

Mercury was determined by aqua regia digestion - flameless atomic absorption spectrometry. A 0.5-
gram sample was reacted with 20 millilitres of concentrated nitric acid and 1 millilitre concentrated
hydrochloric acid in a test tube for 10 minutes at room temperature and then for 2 hours in a 90°C water bath.
After digestion, the sample was cooled and diluted to 100 millilitres with metal-free water. The mercury
present was reduced to the elemental state by the addition of 10 millilitres of 10% weight per volume
stannous sulphate in sulphuric acid. The mercury vapor was flushed by a stream of air into an absorption cell
mounted in the light path of an atomic absorption spectrometer. Measurements were made at 253.7
nanometres. This method is described in detail by Jonasson et al. (1973).

British Columbia Regional Geochemical Survey
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Loss on ignition was determined using a 0.5-gram sample. The sample was weighed into a 30 millilitre
beaker, placed in a cold muffle-furnace and heated to 500°C over a period of 2 to 3 hours. The sample was
allowed to cool at room temperature for 4 hours before weighing.

A representative split of each sediment sample was analyzed for antimony, arsenic, barium, bromine,
cerium, cesium, chromium, cobalt, gold, hafnium, iron, lanthanum, lutetium, molybdenum, nickel, rubidium,
samarium, scandium, sodium, tantalum, terbium, thorium, tungsten, uranium, ytterbium and zirconium using
thermal, instrumental neutron activation analysis (INAA) by Activation Laboratories (Ancaster, Ontario).
Instrumental neutron activation analysis involves irradiating the sediment samPIes, which range from 10 to
46 grams (average 24 g), for 30 minutes with neutrons (flux density of 7x10" neutrons/cmzlsecond). After
approximately 1 week, the gamma-ray emissions for the elements were measured using a gamma-ray
spectrometer with a high resolution, coaxial germanium detector. Counting time was approximately 15
minutes per sample. Table 1 lists the detection limits reported for elements determined by this method.

Repeat analysis by INAA have been performed on a separate split for all samples reporting gold values
exceeding 41 ppb and for samples reporting low gold values in combination with anomalous concentrations
of one or more pathfinder elements. Results of repeat analysis plus analytical duplicate gold data is listed as
Au2.

STREAM WATER ANALYSIS

Water samples were analyzed for pH, sulphate, fluoride and uranium by CanTech Laboratories.
Reported detection limits for each element are listed in Table 1.

pH of waters was measured by a combination glass-reference electrode and a Fisher Accumet pH meter
using an aliquot of sample in a clean dry beaker.

Sulphate in waters was determined by a turbidimetric method. A 20-millilitre aliquot of the sample was
mixed with barium chloride and an isopropyl alcohol - hydrochloric acid - sodium chloride reagent. The
turbidity of the resulting barium sulphate suspension was measured with a spectrophotometer at 420
nanometres.

The determination of fluoride in waters involved mixing an aliquot of the sample with an equal volume
of total ionic strength adjustment buffer (TISAB 11 solution). The fluoride was measured using a Corning 101
meter with an Orion fluoride electrode.

Uranium in waters was determined by laser-induced fluorescence analysis. A 5-millilitre sample was
spiked with 0.5-millilitres of fluran solution for 24 hours and irradiated by a laser to induce fluorescence.
Uranium was determined with a Scintrex UA-3 uranium analyzer.

TABLE 1 ANALYTICAL SUITE OF ELEMENTS

Analytical Reported

Element Method Detection Limit Unit
Antimonv Sh AAS-H/INAA 0.2/0.1 oom
Arsenic As AAS-H/INAA 0.2/0.5 ppm
Barium Ba INAA 50 ppm
Bismuth Bi AAS-H 0.2 ppm
Bromine Br INAA 0.5 ppm
Cadmium Cd AAS 0.2 ppm
Cerium Ce INAA 3 ppm
Cesium Cs INAA 1 ppm
Chromium Cr INAA 5 ppm
Cobalt Co AAS/INAA 2/1 ppm
Copper Cu AAS 2 ppm
Fluorine F ION 40 ppm
Gold Au INAA 2 ppb
Hafnium Hf INAA 1 ppm
Iron Fe AAS/INAA 0.02/0.01 %
Lanthanum La INAA 0.5 ppm
Lead Pb AAS 2 ppm
Loss on Ignition LOI GRAV 0.1 %
Lutetium Lu INAA 0.05 ppm
Manganese Mn AAS 5 ppm
Mercury Hg AAS-F 10 ppb
Molybdenum Mo AAS/INAA 2/1 ppm
Nickel Ni AAS/INAA 2/20 ppm
Rubidium Rb INAA 5 ppm
Samarium Sm INAA 0.1 ppm
Scandium Sc INAA 0.1 ppm
Silver Ag AAS 0.2 ppm
Sodium Na INAA 0.01 %
Tantalum Ta INAA 0.5 ppm
Terbium Th INAA 0.5 ppm
Thorium Th INAA 0.2 ppm
Tungsten W INAA 1 ppm
Uranium U INAA 0.5 ppm
Vanadium \Y AAS 5 ppm
Ytterbium Yb INAA 0.2 ppm
Zinc Zn AAS 2 ppm
pH pH GCE 0.1
Sulphate S04 TURB 1 ppm
Fluoride FW ION 20 ppb
Uranium uw LIF 0.05 ppb

AAS atomic absorption spectroscopy INAA  instrumental neutron activation analysis

AAS-H  hydride generation AAS GRAV  weight differential

AAS-F  flameless AAS ION specific ion electrode

GCE glass combination electrode TURB turbidimetric

LIF laser-induced fluorescence

British Columbia Regional Geochemical Survey
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RGS DATA EVALUATION

Meaningful interpretations of geochemical data require an ability to discriminate real trends, related to
geological and geochemical conditions, from those that result from spurious factors such as sampling and
analytical error. To monitor and assess accuracy and precision of analytical results, control reference
standards, analytical duplicates and field duplicates are routinely used. Each analytical block of twenty
sediment samples consists of :

e Seventeen routine samples.

e One field duplicate sample collected adjacent to one of the 17 routine
samples (listed in Appendix A).

e One analytical duplicate sample; a subsample taken from one of the 17
routine samples prior to analysis (listed in Appendix B).

e One control reference standard sample containing sediment of known
element concentrations.
Analytical blocks of corresponding water samples contain two control reference standard samples but
no analytical duplicate samples.

Scatterplots of analytical results of field duplicate pairs and analytical duplicate pairs are presented for
Cu, Pb, Ni, Zn (AAS sediment data) and Au, As (INAA sediment data). A total of 112 field duplicate pairs
and 112 analytical duplicate pairs from the total 1997 data set were included in this analysis. Field duplicate
data and analytical duplicate data (Figures 2a,b) show very good reproducibility (r > 0.9), particularly for
those trace elements with concentration levels well above detection limits. This gives a high degree of
confidence in the quality of both the field sampling and the analytical methods. Poor reproducibility for gold
is primarily due to the influence of the particle sparsity effect (see section: Interpretation of Gold Data).

INTERPRETATION OF GOLD DATA

Understanding gold geochemical data from regional stream sediment surveys requires an understanding
of the chemical and physical characteristics of gold in the surficial environment.

Gold is a soft, malleable element of high density (19.3 g/cm3). It is chemically inert and commonly
occurs in native form (pure gold) or as electrum (alloyed with silver). Sub-micron sized gold is often bound
to clays, adsorbed onto iron-manganese oxides or contained within organic colloids. At normal surface
temperatures, gold can dissolve under rare conditions of high oxidation potential and high acidity where ions
such as chloride, thiosulphate or cyanide are present. Normal background concentrations for gold in bedrock
vary, but are generally less than 5 ppb. Background levels encountered for stream sediments seldom exceed
10 ppb and commonly are near the detection limit of 2 ppb.

Gold generally occurs as rare, discrete particles. In many instances a geochemical subsample may or may not
contain a gold grain. This is known as the 'nugget effect’. Generally, larger geochemical sample sizes

Figure 2a. Scatterplots showing field duplicate pairs.

Figure 2b. Scatterplots showing analytical duplicate pairs.

British Columbia Regional Geochemical Survey
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are required to minimize the nugget effect and more accurately represent gold concentrations. (Clifton et al.,
1969; Harris, 1982). Neutron activation analyses for the RGS Archive program utilized samples weighing on
average 26-grams.

Follow-up investigations of gold anomalies should be based on careful consideration of related
geological and geochemical information and an understanding of the variability of gold geochemical data.
Once an anomalous area has been identified, field investigations should be designed to include detailed
geochemical follow-up surveys and collection of large, representative samples. Analysis of field and
analytical duplicate samples enables assessment of the reliability of gold results and permits better data
interpretation.

CATCHMENT BASINS

Catchment basins are defined by the topographic height of land that separates a stream from
surrounding streams. These polygons are assumed to represent the metal determination of a single stream
sediment or water sample collected at the catchment basin outlet. Beginning in 1990, several methodologies
for integrating catchment basin polygons with other digital geoscience data using geographic information
system (GIS) technology have been examined (Bartier and Kellar, 1991; Sibbick, 1994; Jackaman et al.,
1995; Matysek and Jackaman, 1996). Each study concluded that using the catchment basin of each sample
site to define its zone of influence (Bonham-Carter and Goodfellow, 1986; Bonham-Carter et al., 1987)
provided an effective technique for integrating digital geoscience data (e.g. geology) with stream sediment
and water geochemistry.

For this survey, a total of 909 catchment basins were delineated from NTS 1:50 000 maps by hand
tracing the sampled catchment basin boundaries. This line-work was digitized and each resulting catchment
basin polygon was labeled with its unique sample number. On occasion, nested polygons were produced
where two samples were taken from successive sites on the same stream; in these cases the downstream
polygon was defined to end at the upstream sample site. The corresponding field and analytical data were
joined to each digital polygon record for interpretation. Areas of each polygon, polygon perimeter and
percentage coverage of geological units underlying each basin were calculated using simple GIS subroutines.

Note that this is a discrete polygon method and therefore assumes within-polygon uniformity of the
geochemistry. However, within a basin, various other physical factors may influence the composition of the
stream sediment sample or contribute to within-basin variation. These include variations in rock and
sediment, topography, drainage network, channel patterns, vegetation, differential weathering of bedrock,
and precipitation. There are also factors that transcend drainage basin boundaries. Geological material from
beyond the catchment boundary may be present due to glacial transport or anthropogenic pollution. These
factors should be considered when interpreting catchment basin data.

A histogram of catchment basin areas is shown in Figure 3. Catchment basin areas range from less than
1 square kilometre to 37 square kilometres with a mean area of 5.29 square kilometres. Of the 909 sites, 530
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Figure 3. Histogram and box plot of catchment basin areas.

have catchment basins that cover an area of 5 square kilometres or less. Area coverage of the catchment
basins totals 4810.28 square kilometres or 42% of the survey land area. The remaining unsurveyed areas
represent broad valley floors which are characterized by meandering stream channels or swamps that do not
provide appropriate stream sediment material. Some drainages bounded by surveyed catchments were
intentionally excluded from sampling to maintain the intended sample density of the RGS program. Designed
to provide cost effective regional geochemical data, the RGS program does not define the geochemistry of
every first or second order stream within a map area.

In previous RGS Open Files, every RGS sample site was coded on the basis of its underlying geology at
the sample site. This coding was used to calculate univariate statistics for each element and for the
determination of thresholds. Unfortunately, classification of the sample site by its underlying geology may
not accurately represent the site and may result in the misidentification of anomalies. This is especially
significant when there are two or more geochemically different formations within a catchment basin. As a
result, the percentage of the formation with the greatest area within each RGS catchment basin was
determined. These are included as part of the data listing (Appendix A and C). Of the 909 RGS catchments,
48% are underlain solely by a single formation (i.e., EJgd (N = 112), HaSw (N = 98) and JH (N = 32)) and
52% by two or more formations.

British Columbia Regional Geochemical Survey
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Univariate statistics (Appendix D) were calculated on the total data set and subsets of ten or more
catchment basins underlain by a single formation. Percentiles, means, medians and standard deviations have
been provided to assist in determining threshold concentrations. For example, mean copper concentration in
the 94E RGS catchment basins is 57 ppm. Possible thresholds using the mean plus two standard deviations
are 368 ppm or 150 ppm using the 95th percentile concentration. More reliable estimates of background and
threshold values can be obtained for basins underlain by a single formation. For example, copper
concentrations in homogeneous HaSw catchment basins average 36 ppm while the mean plus two standard
deviations concentration is 68 ppm and 65 ppm at the 95th percentile concentration. In contrast copper in
homogenous uTrS basins average 168 ppm with a mean plus two standard deviations concentration of 508
ppm and a concentration of 370 ppm at the 95th percentile concentrations.

Presence of multiple formations within a catchment basin presents another challenge for establishing
thresholds. Multiple linear regression methods have been employed by Bonham-Carter and Goodfellow
(1986) and Bonham-Carter et al. (1987) to correct for the areal proportions of geologic units within a
catchment area.

ANOMALY RATING PROCEDURE

Stream sediments collected downstream from mineralized sources commonly exhibit enhanced
concentrations for ore and pathfinder elements. An interpretive technique has been developed by Matysek et
al. (1991) to highlight sample sites characterized by anomalous, multi-element signatures (Figure 4). As an
example of this methodology, sample evaluation charts (Appendix E) and 1:500 000 scale anomaly maps
(Map Booklet) have been produced which outline areas considered to have relatively higher base metal and
precious metal potential.

METHODOLOGY

Step 1 - Subset analytical data by Formation.

Element concentrations for stream sediment samples typically reflect the underlying geology found
within the sampled drainage basin. Considerable variability in element concentrations are associated with
different formations and must be considered in order to distinguish samples which most likely reflect
mineralized sources from formations characterized by high background values. Consequently, analytical data
is initially subset on the basis of the formation which has been calculated to have the greatest percentage of
area underlying each RGS catchment basin.

Step 2 - Calculate 90th, 95th and 98th percentiles (threshold values) for each formation.

The 90th, 95th and 98th percentiles are calculated for formations having 10 or more sample sites.
Formations coded with less than 10 sample sites list threshold values determined from the current provincial
RGS data set. The results are listed in a threshold table (Appendix E).

Step 3 - Assign anomaly ratings to each sample.

Element concentrations for each sample are then compared to the calculated threshold values and
assigned the following anomaly ratings :

e An anomaly rating of 1 for concentrations >= 90th but < 95th percentile.
e An anomaly rating of 2 for concentrations >= 95th but < 98th percentile.
e An anomaly rating of 3 for concentrations >= 98th percentile.

Sample evaluation charts graphically display the anomaly rating for individual elements. In addition, the
summed element ratings provide a measure of the anomalous multi-element nature of each sample. Anomaly
maps produced from the sample evaluation charts highlight the spatial relationships between anomalous
samples.

Utilizing the above technique, sample evaluation charts (Appendix D) and anomaly maps (Map
Booklet) have been generated to aid the user in identifying potential base metal and precious metal targets.
The element suite used for the identification of base and precious metal multi-element anomalies include Cu
-Pb-2Zn-Ag-Baand Au - Sb - As - Hg - Ag, respectively.

94E Data Set
SUBSET on GEOLOGY

STEP 1
|

Lithology 2 etc.

THRESHOLD CALCULATIONS STEP 2

Lithology 1

Cu 90 Pb 90
Cu 95 Pb 95 etc.
Cu 98 Pb 98

ANOMALY RATINGS

Sample Evaluation Charts
Multi-Element Anomaly Maps

BASE METALS PRECIOUS METALS
Cu-Pb-Zn-Ag-Ba Au -Sb - As - Hg - Ag

Figure 4. Anomaly rating flowchart.
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LATE SYN- to POSTACCRETIONARY LAYERED ROCKS
Upper Cretaceous? to Tertiary

MID to LATE CRETACEOUS
SUSTUT GROUP
Brothers Peak Fm.: fining upward sequence comprised of a lower section
dominated by chert and quartz pebble conglomerate interlayered with felsic
ash-tuff, overlain by a mudstone-siltstone sequence with coal layers (latest
Campanian to mid-Maastrichtian).

Tango Creek Fm.: predominately sandstone, siltstone and mudstone with
KTC conglomerate interbeds containing chert, volcanic and granitic clasts (Aptian

or Albian to Santonian).

Sifton Formation: poorly sorted pebble to boulder conglomerate, sandstone,
siltstone, shale, minor coal; fault trough deposits largely Eocene in age.

UPPER JURASSIC AND LOWER CRETACEOQOUS

BOWSER LAKE GROUP

JKBd Grey weathering pebble conglomerate, medium grained sandstone and

siltstone, carbonaceous siltstone and mudstone with minor coal, local marine
MIDDLE TO UPPER JURASSIC

fossils.
BOWSER LAKE GROUP

Green or brown weathering medium grained sandstone lesser siltstone and
S

minor conglomerate, marine fossils (shelf facies).
JBA

Ashman Formation: black siltstone; fine grained sandstone, orange
weathering siltstone and claystone beds and discontinuous chert-pebble
conglomerate (slope and submarine canyon facies).

POST TO EARLY SYN-ACCRETIONARY INTRUSIVE ROCKS
EOCENE

EARLY CRETACEOUS

MIDDLE JURASSIC

Balourdet pluton: biotite granite, undeformed.

Quartz monzonite; mainly foliated; includes the Thudaka Batholith.

Hornblende-biotite granodiorite quartz monzodiorite and lesser.

Bedrock Geology Legend (after Mihalynuk et al., 1996)

EARLY JURASSIC

EJd

Black Lake Plutonic Suite: Equigranular and porphyritic biotie-hornblende
granodiorite, quartz monzonite and quartz diorite.

Heterogeneous, medium to coarse-grained quartz diorite, hornblende diorite.

Quartz monzonite and granodiorite, locally megacrystic.

EJgm

Granodiorite, biotite hornblende quartz monzonite, quartz diorite; Pitman
Batholith.

EJgd

NORTH AMERICA MIOGEOCLINE & CASSIAR TERRANE
LATE TRIASSIC

Hornblende gabbro, dunite, peridotite, clinopyroxenite.
LTrum

UPPER DEVONIAN TO LOWER MISSISSIPPIAN
EARN GROUP

Coarse polymictic conglomerate.
DMEc

ORDOVICIAN to LOWER DEVONIAN
ROAD RIVER GROUP UNDIVIDED
Argillite, shale, siltstone, limestone, chert.
ODRR
UPPER CAMBRIAN AND ORDOVICIAN
KECHIKA AND LOWER ROAD RIVER GROUPS UNDIVIDED
Siltstone, shale, argillaceous limestone, calcareous shale, limestone.
CmOKR
CAMBRIAN AND ORDOVICIAN

KECHIKA GROUP

Limestone, argillaceous limestone, pale calcareous slate, phyllitic limestone,
CmOK calcareous phyllite, pyritic and carbonaceous slate and shale.

LOWER CAMBRIAN

ATAN GROUP
Limestone, quartzite, dolomite, shale, argillite, pebble conglomerate.

o
>

m

Limestone, siltstone, dolomite.

Impure quartzite, shale, local sandstone, conglomerate.

Quartzite, minor pebble conglomerate.
ICmAq

NEOPROTEROZOIC

INGENIKA GROUP

Stelkuz Formation: interbedded chloritic sandstone, shale, limestone,
phyllite, siltstone and quartzite; includes distinctive green and maroon to red
shale members.

Espee Formation: crystalline limestone, sandy limestone, dolostone, grey
slate.

Tsaydiz Formation: chlorite schist, minor grit lenses and marble.

HaT
Swannell Formation: quartz feldspar metagrit, pelitic schist.
HaSw
INGENIKA GROUP
Undivided Ingenika Group: quartzite, micaceous quartzite, phyllite, schist,
gneiss, limestone, shale, sandstone, sandy limestone, dolomite, chlorite-
muscovite schist, slate, argillite, micaceous crystalline limestone, pebble
conglomerate, red and green slate.

Hal

Impure marble, minor schist and metasandstone.

Pelitic schist, metagrit, psammite and marble.

Marble.

Pelitic schist.

Pure marble, calc-silicate rock.

Paragneiss, pelitic schist.

Rusty weathering metaquartzite, pelitic schist, paragneiss, marble.

INGENIKA GROUP ?

Rusty weathering wavy pelitic schist, minor psammite, marble.

Quartz lense schist, psammite, marble.

Marble.

Pure metaquartzite, amphibolite, minor pelitic schist, feldspathic
metaquartzite, paragneiss.

B.C. Regional Geochemical Survey - Toodoggone River (94E)



PALEOPROTEROZOIC

UPPER TRIASSIC
TAKLA GROUP

LATE TRIASSIC

MIDDLE TRIASSIC

HARPER RANCH SUBTERRANE

DEVONIAN TO PERMIAN

AGE UNKNOWN

STIKINIA

LOWER AND MIDDLE JURASSIC

HAZELTON GROUP:

Pliensbachian to Bajocian

Tochieka Gneiss: augen orthogneiss (1.85 Ga), amphibolite.

QUESNEL TERRANE

Undivided: coarse-bladed plagioclase porphyry, augite porphyry, tuff,
agglomerate; lesser limestone and tuff; includes actinolite and biotite schist
and amphibolite.

Turnagain Alaskan Ultramafic Complex: dunite, wherlite, clinopyroxenite,
hornblendite, serpentinite and small bodies of gabbro and peridotite.

Lunar Creek Alaskan Ultramafic Complex: gabbro, diorite, dunite, wherlite,
peridotite, clinopyroxenite; 237 Ma.

Undivided mafic to felsic volcanics, tuff, chert, phyllite, argillite, quartz-
sericite schist, crystalline limestone.

Quartzo-feldspathic gneiss; terrane assignment uncertain.

Hazelton Group Island Arc Volcanics and Derived Sediments Undivided:
predominantly andesite porphyry flows and tuffs, some basalt, breccia and
debris flows, locally significant accumulations of volcanic conglomerate.

SPATSIZI GROUP

SINEMURIAN TO LOWER PLIENSBACHIAN
TOODOGGONE FORMATION

Spatsizi Group: undifferentiated sedimentary and tuffaceous rocks.

Bedrock Geology Legend (after Mihalynuk et al., 1996)

Toodoggone formation: subaerial, calc-alkaline high-potassium island arc
pyroclastic rocks and lava flows that erupted synchronously during

13TD
subvolcanic emplacement of the Black Lake plutonic suite.

Saunders member: Grey-green, quartz-hornblende phyric dacite ash-flow
IJTSa tuff.

Attycelley member: Crudely layered volcaniclastic deposits including quartz-
IJTAt bearing tuffs and breccia; debris flows); local interspersed sandstone,

siltstone with limy lenses.

Conglomerate containing clasts derived from the Stuhini Group and Black
IJTAtc Lake plutons.

Biotite-pyroxene-hornblende phyric andesite lava flows and small
ITAdf subvolcanic intrusions.
ITAt Dacitic lava-flow dome and cogenetic ash-flow tuff and debris flow deposits.

McClair member: Heterogeneous succession of andesitic flows, tuffs and
minor volcanic derived sediments.

Metsantan member: Trachyandesite lava flows and autoclastic breccia.
Volcanic conglomerate and finer, bedded epiclastic rocks.

Debris flow deposits characterized by blocks of unit IJTMe.
Subvolcanic plug or flow dome with flanking talus breccia.

Moyez formation (informal): dacitic crystal tuff with volcanic conglomerate at