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Introduction

The Interior Plateau region of central British Columbia has
experienced a major outbreak of mountain pine beetle,
which has decimated pine forests in the region causing a
significant economic downturn in forestry-dependent com-
munities (e.g., Abbott et al., 2009; Coops and Wulder,
2010; Woods et al., 2010; Wulder et al., 2010). Geoscience
BC’s Quesnellia Exploration Strategy (QUEST) Project is
designed to stimulate mining exploration and provide em-
ployment opportunities to those adversely affected by this
decline in forestry jobs (e.g., Nelsen et al., 2010). The
QUEST Project area has good potential for Cu-Au por-
phyry and volcanogenic massive sulphide (VMS) mineral-
ization, but mineral exploration activity has been hindered
in some areas due to the thick cover of surficial deposits.
Regional-scale till sampling can be carried out to assess the
mineral potential of areas covered with thick glacial depos-
its (Levson, 2001; McClenaghan et al., 2002; McClena-
ghan, 2005). Detailed investigations of till samples with el-
evated or anomalous values, at a regional scale, can help
identify potentially mineralized zones within covered bed-
rock units. The preferred sampling medium for till geo-
chemical surveys is basal till, as it is commonly considered
a first derivative of bedrock (Dreimanis, 1989; Levson,
2001). Knowledge of the glacial history, specifically the
ice-flow history and dominant transport direction, is vital to
the interpretation of geochemical survey data from the area.

The objective of this study is to use regional-scale major-,
minor- and trace-element till geochemical data (by induc-
tively coupled plasma—mass spectrometry [ICP-MS] fol-
lowing aqua-regia digestion, instrumental neutron activa-
tion analysis [INAA], gold grain counts and heavy mineral
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separations) to identify mineralized bedrock and predict
bedrock lithologies. These data will provide new explora-
tion targets and also provide geological context for compa-
nies to interpret their own geochemical and geological
datasets. This paper is a summary of a future Geoscience
BC publication that will include all data tables, statistical
analysis and proportional dot maps of elements analyzed.
In the interests of brevity, data for some of the elements men-
tioned here are not shown.

Bedrock and Quaternary Geology
Background

The study area occurs in the heart of the QUEST Project
area, northwest of the city of Prince George (Figure 1). The
majority of this area lies in the relatively low relief area of
the Interior Plateau (Mathews, 1986), including its subdivi-
sions, the Fraser Basin and Nechako Plateau. Itis character-
ized by glacial lake deposits, drumlinized drift, and glacio-
fluvial outwash and esker deposits (Holland, 1976).

Regional Quaternary Framework

The study area was repeatedly affected by the Cordilleran
Ice Sheet over approximately the last two million years
(Armstrong et al., 1965; Clague, 1989), the most recent be-
ing during the Fraser glaciation. The major sources of re-
gional ice that covered the study area advanced from accu-
mulation centres in the Coast, Skeena and Cariboo mountains
(Tipper, 1971a, b; Levson and Giles, 1997; Plouffe, 1997,
2000; Figure 1). The ice-flow history of the study area was
determined by compiling and combining ice-flow informa-
tion from existing maps (Tipper, 1971a; Clague, 1998a, b;
Blais-Stevens and Clague, 2007), together with observa-
tions made in the field (Sacco etal., 2010). Ice-flow indica-
tors measured in the field by Ward etal. (2009) and Sacco et
al. (2010) were mainly microflow indicators such as
grooves, striations and rat tails. The dominant ice flow
(Saccoetal., 2010; Figure 2) was determined by combining
data from macroforms (drumlins, flutings, streamlined bed-
rock) and microforms (striations, grooves, rat tails). These
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Figure 1. Northern British Columbia with dominant ice-flow directions (shown by the black arrows and short black lines) for the Late
Wisconsinan Fraser glaciation (modified from Stumpf et al., 2000). Light blue areas indicate the approximate distribution of deglacial lake
sediments, which can be a hindrance to drift prospecting. Red dashed line delineates the study area, which is shown in detail in Figure 2.

data suggest that it was mainly ice from the Coast Moun-
tains to the west and south, and to a lesser extent ice from
the Cariboo Mountains, that covered the area. Little infor-
mation exists on ice flow during the glacier’s advance into
the area, but it is likely that ice flowed eastward from the
Coast Mountains and was subsequently deflected to the
northeast by interaction with ice flowing north from
sources in the Coast and Caribou mountains to the south.
The dominant ice flow, and thus main sediment transport,
was northeasterly with minor deviations to a more north-
erly direction in the north and a more easterly direction in
the southern portions of the study area. Evaluation of till
geochemical anomalies should concentrate on these domi-
nant flow directions. Striation and till fabric data indicate
ice flow was more westerly during deglaciation, which
would also influence interpretation of anomalies. More in-
formation on the glacial history is given in Sacco et al.
(2010).
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Regional Bedrock Framework

The study area straddles four of the terranes that make up
the Canadian Cordillera (Cache Creek, Slide Mountain,
Quesnel, Kootenay) while the most northeastern corner of
it extends into the Rocky Mountain assemblage (Figure 2).
A complex assemblage of intrusive and extrusive rocks of
the Slide Mountain terrane occurs in the east. The Cache
Creek terrane is composed of Pennsylvanian and Permian
limestone in the southwestern portion of the study area,
with basalts occurring just to the south. The Rocky Moun-
tain assemblage in the northeastern corner of the study area
comprises Silurian to Devonian sandstone and quartzite.
The Quesnel terrane dominates the study area and is com-
posed primarily of Late Triassic to Early Jurassic arc volca-
nic rocks of the Witch Lake succession and volcaniclastic
rocks of the Cottonwood River succession, both part of the
Nicola Group (Logan et al., 2010). The Nicola Group was
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previously referred to as the Takla Group (Struik, 1994),
following first usage. It was correlated with Takla Group
rocks to the west within the Stikine terrane. The Nicola
Group comprises: a) mainly basaltic to dacitic volcaniclas-
tic rocks and subordinate coherent volcanic rocks, each
with augite-porphyry textures (particularly characteristic
of the Quesnel terrane), which form an eastern facies of al-
kaline to subalkaline augite-phyric basaltic andesite; b) co-
eval and partly comagmatic plutons ranging from calcalka-
line (in the west) to alkaline (in the east); and c¢) sedimen-
tary rocks, including shale, limestone and epiclastic
deposits.

Stratigraphically overlying these terranes are a series of over-
lap assemblages ranging from Upper Cretaceous to Mio-
cene sedimentary rocks and Cretaceous to Pliocene volca-
nic rocks. The latter includes the dominantly Miocene Chil-
cotin basalts and Eocene felsic volcanic rocks. Intrusive
rocks, paragneiss and metasedimentary rocks of the Wol-
verine metamorphic complex were exposed during Eocene
extension. The metamorphism and plutonism occurred in
the late Cretaceous and Paleogene, and the protolith for the
paragneiss and metasedimentary rocks are likely Precam-
brian and Early Paleozoic (Struik, 1994). Recent compila-
tion has assigned these rocks to the Kootenay terrane (Lo-
gan et al., 2010).

Within the study area, the BC Ministry of Forests, Mines
and Lands mineral inventory database (MINFILE; BC
Geological Survey, 2010) lists twelve Cu showings, six Au
showings, one platinum group elements (PGE) showing,
two Hg showings and two past-producing Au and Pt depos-
its (Figure 2).

The two past producers are the McDougall River and Mc-
Leod River placer deposits (MINFILE 093] 007, 093] 012;
BC Geological Survey, 2010). Both deposits occur in the
northeastern part of the study area, underlain primarily by
Mississippian Slide Mountain Group. Cariboo Northern
Development Co. Ltd. and Northern Reef Gold Mines Ltd.
worked the McDougall River placer mineralization from
around 1931 to 1935, with total production of approxi-
mately 1750 g (62 oz.). From 1981 to present, the area has
received renewed interest, including heavy mineral, soil,
silt and rock sampling; geological mapping; airborne very
low frequency (VLF) and magnetometer surveys; and ground
VLF and magnetometer surveys by a variety of companies.
At McDougall River, Au and Pt were extracted from shal-
low gravel deposits on both banks of the river, with addi-
tional clasts retrieved from cracks and crevices in the bed-
rock. Local sheared rocks and quartz veins may be the
source of the placer Au and PGE. Heavy mineral samples
have yielded high Au and Ag contents, and many of the
placer Au grains recovered are angular to wiry, consistent
with minimal transport from a local bedrock source. The
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coincident electromagnetic (EM) and magnetic anomalies
could represent the local source for Au.

The two Hg showings (Mount Prince Southeast and North-
west, MINFILE 093] 010, 093] 011) in the southwestern
part of the study area are associated with the Pinchi fault.
Both showings are characterized by small volumes of cin-
nabar hosted by carbonate-altered and sheared Takla Group
mafic volcanic rocks, commonly associated with quartz
stringers. Most of the other mineral showings in the study
area are small with minimal associated exploration activity.

Mount Milligan is a Cu-Au porphyry developed prospect
(MINFILE 093N 194) to the northwest of the study area in
the Quesnel terrane. In this area, Triassic to Lower Jurassic
volcanic and subordinate sedimentary rocks of Nicola
Group are interpreted to be the extrusive phase of the
Hogem intrusive suite. Many Cu-Au mineral showings are
associated with the Hogem batholith and smaller coeval in-
trusions. The Nicola Group in the Mount Milligan area is
informally subdivided into a lower, predominantly sedi-
mentary Inzana Lake succession, and an upper, predomi-
nantly volcaniclastic Witch Lake succession. The Witch
Lake succession hosts the Mount Milligan deposit, and is
characterized by augite-phyric volcaniclastic and coherent
basaltic andesite, with subordinate epiclastic beds. Re-
gional mapping and petrographic studies in the Mount
Milligan area indicate that the Witch Lake basaltic andesite
and associated sedimentary rocks have been subjected to
strong potassic alteration up to 4 km from the deposit.
Witch Lake succession volcanic rocks were intruded by
syn- and post-depositional gabbro, diorite, granodiorite,
monzonite and syenite (Logan et al., 2010).

Field and Analytical Methods
Field Sampling

Basal till samples were collected at a total of 712 sites.
Basal till in this area is a dense, dark grey, matrix-supported
diamicton and is composed of 25-40% gravel-sized mate-
rial (clasts) with a typically sandy silt matrix. Overall sam-
ple density is about 1 sample/7.5 km® but there are some
zones with no samples and some zones with higher density.
In some areas, sampling was not possible because of road
deactivation or lack of roads, and/or a lack of suitable sam-
ple media, such as in areas of eolian, glaciofluvial and glac-
iolacustrine deposits. In addition, no sampling occurred with-
in Carp Lake Provincial Park (Figure 2).

The sampling regime included collecting three separate
samples, approximately 800-900 g each, at each sample
site for: a) analysis of the clay-sized (hereafter referred to as
clay) fraction by aqua-regia digestion followed by induc-
tively coupled plasma—mass spectrometry (ICP-MS) at
Acme Analytical Laboratories Ltd. (Vancouver, BC); b)
analysis of the clay plus silt-sized (hereafter referred to as
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clay+silt) fraction by instrumental neutron activation anal-
ysis (INAA) at Activation Laboratories Inc. (Ancaster, On-
tario); and c¢) archiving at the Geological Survey of Canada
(GSC). In addition, at every 4-5 sites, a >10-15 kg sample
was collected for heavy mineral separation and gold grain
counts. The heavy mineral separations and counts were
conducted at Overburden Drilling Management Limited
(Nepean, Ontario). The <0.25 mm fraction of the heavy
mineral concentrates were then analyzed by INAA at Bec-
querel Laboratories Inc. (Mississauga, Ontario).

Analytical Methods

The clay+silt fraction of till samples (on average, 24 g of
material was used) were analyzed for 35 elements by INAA
(1D Enhanced) at Activation Laboratories Ltd. The INAA
method has been described previously by Hoffman (1992)
and details of the procedure can be found in Activation
Laboratories Ltd. (2010). The following description sum-
marizes the procedure. An aliquot and an internal standard
(one for every eleven samples) are irradiated with flux
wires at a thermal neutron flux of 7x 10" n-cm™s™. Aftera
seven-day decay, the samples are counted on a high purity
Ge detector. Using the flux wires, the decay-corrected ac-
tivities are compared to a calibration. The standard in-
cluded is only a check on accuracy and is not used for cali-
bration purposes. From 10 to 30% of the samples are
rechecked by remeasurement. For all analytes, except Au, a
1 galiquotisused. For Aua30 gsize, ifavailable, is used.

Samples were processed to extract the clay at Acme Analyt-
ical Laboratories Ltd. (Vancouver, BC). Typically, between
0.5 and 0.8 kg of till were processed, which yielded approx-
imately 5 g of clay, on average. The clay splits were ana-
lyzed by ICP-MS for 36 elements (1DX) following leach-
ing in a hot (95°C) aqua-regia digestion. Up to 5 g of clay is
processed to overcome nugget effects for Au.

Heavy mineral concentrates (HMC) were separated on
large till samples at Overburden Drilling Management
Limited. A total of 122 samples of 10—15 kg were panned
for gold grains, platinum group metals (PGM) and uran-
inite. Bulk samples were disaggregated, followed by sepa-
ration of the >2 and <2 mm fractions. The <2 mm fraction is
then pre-concentrated on a shaking table, with the
<0.25 mm fraction subsequently separated using heavy lig-
uid (specific gravity of 3.2 g/cm’). Panned Au, uraninite
and PGM are then examined under optical microscope to
provide grain counts as well as grain morphology. More de-
tailed descriptions of the methods are provided in Averill
(2001) and McClenaghan et al. (2002). Sulphide and cinna-
bar grains were also counted, although where the number of
grains was >20, these counts are estimates.

The selected results of the analyses are discussed below;
those elements with the most significance to potential min-
eralization in this project area are discussed. A future Geo-
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science BC publication will include all of the data for all of
the elements analyzed.

To quantify the accuracy and precision of these analytical
data, a combination of field duplicates, analytical dupli-
cates and reference standards are used. For every 20 sam-
ples collected in the field, one field duplicate is collected,
one analytical duplicate is split and inserted into the sample
sequence at the lab, and one reference standard (either an
in-house BCGS standard or a certified Canada Centre for
Mineral and Energy Technology [CANMET] standard) is
inserted. For the aqua-regia digestion followed by ICP-MS
method, precision for most analytes is <5% relative stan-
dard deviation (RSD) at 10 times the detection limit. Closer
to the detection limit, most analytes still have RSD values
of <10%. Similarly, for analytes above the detection limit,
the INAA data are generally very good with precision gen-
erally <5% RSD, and accuracy generally <3%, except W at
5%.

Results

Au, As, Ag and Hg Contents

Gold contents in the clay fraction show clearly anomalous
values around the 98" percentile (10 ppb), although there is
also a subtle change in slope around the 90" percentile, or
8 ppb (Figure 3a). Gold contents in the clay fraction range
from less than detection (0.5 ppb) to 294 ppb (average =
5.1+11 ppb, n="704). For the clay+silt fraction, anomalous
Au contents occur above the 80" percentile (~8 ppb; Figure
3a); most samples below this threshold were below the de-
tection limit by this method (2 ppb). In the clay+silt frac-
tion, Au contents range up to 635 ppb. Anomalous Au con-
tents occur in the northeastern and northwestern parts of the
map area for both size fractions, largely coincident with
known Au showings (Figures 4a, b). There are also anoma-
lous Au contents, in particular in the clay+silt fraction, to
the south, and to a lesser extent, to the east of Carp Lake.
There are no known Au showings here. Gold shows the best
correlation with Cu (r = 0.410).

Arsenic is typically considered a pathfinder element for
Au. In this study, threshold As contents in till are ~32 and
26 ppm, at the 95™ and 98™ percentiles for the clay and
clay+silt fractions, respectively (Figure 3a). Arsenic con-
tents are anomalous in both the northeastern and northwest-
ern sections of the study area (Figures 4c, d), largely coinci-
dent with Au anomalies. However, As contents do not
appear to be anomalous south of Carp Lake; in contrast,
there are moderately anomalous As contents in the west-
central part of the study area, primarily in the clay+silt frac-
tion. Au and As show a moderately positive correlation (r=
0.372) for the clay fraction based on the R-mode factor
analysis, statistically significant at the 99.9% confidence
interval. By contrast, the correlation between As and Au for
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the clay+silt fraction is poor (r=0.112), despite the evident
spatial association (Figures 4b, d).

Silver contents for the clay fraction range from less than de-
tection (0.1 ppm) to 1.1 ppm (average = 0.21 +£0.14 ppm,
n = 520), with anomalous values >0.5 ppm (~95™ percen-
tile; Figure 3a). Silver shows a moderately positive, statisti-
cally significant correlation (r = 0.313) with Au, with
anomalous values in the northeastern and northwestern
parts of the study area (Figure 4e), being coincident with
the Au anomalies. Silver for the clay+silt fraction was be-
low the 5 ppm detection limit for all samples.

Mercury was only detected in the clay fraction, although
heavy mineral concentrate data (see below) indicates many
samples have significant quantities of cinnabar grains. In
the clay fraction, Hg ranges from 0.02 to 1.0 ppm (average
=0.29 +0.13 ppm). In the cumulative frequency plot there
are no major breaks in slope, consistent with a close to nor-
mal distribution (Figure 3a). Setting the threshold at the
95" percentile (0.51 ppm), anomalous Hg contents occur in
the west-central portion of the study area (Figure 4f), north
of the two known Hg showings. Several till samples are
also anomalous in Hg in the areas with Au, As and Ag
anomalies in the northeastern and northwestern parts of the
study area. Mercury values do not, however, correlate well
with Au values (r = 0.083), but do correlate moderately
with As values (r = 0.360).

Cu, Mo and Sb Contents

Copper was analyzed only for the clay fraction samples and
ranges from 33 to 408 ppm (average =125 +38 ppm). Based
on the cumulative probability plot, Cu contents in the clay
fraction are anomalous at the 90" percentile (165 ppm; Fig-
ure 3a). Anomalous Cu contents occur in the northwestern
corner of the study area, with smaller anomalies in the
northeastern corner (Figure 4g). There is a positive concen-
tration correlation between Cu and a number of other
analytes such as Fe (r=0.712), Sc (r=0.654), V (r=0.656),
As (r=0.538), Au (r=0.410), Co (r=0.341) and Mo (r =
0.313). These element associations indicate that Cu in the
clay fraction of the till in the northwestern and northeastern
parts of the study area is associated with Cu-Au
mineralization.

Molybdenum was analyzed for both size fractions. All clay
samples returned Mo contents above the detection limit,
ranging from 0.3 to 12 ppm (average=1.74+1.12 ppm). By
contrast, the clay+silt fraction had only 132 samples above
detection limit (1 ppm), ranging from 3 to 28 ppm. For the
clay fraction, the anomalous threshold is around the 97
percentile (3.5 ppm; Figure 3a), whereas for the clay+silt
fraction, all samples with detectable Mo can be considered
anomalous at the 85™ percentile (=3 ppm; Figure 3a). The
two size fractions show different spatial relationships. For
the clay fraction, anomalous Mo contents occur mainly in

Geoscience BC Report 2011-1

the northeastern section of the study area; Mo contents are
not anomalous in the northwestern section (Figure 4h). The
highest Mo content is for a sample in the west-central part
of the study area. By contrast, the clay+silt fraction has
anomalous Mo contents scattered over much of the study
area, with the most consistently elevated contents in the
east-central and southern areas. Notably, Mo contents in the
clay+silt fraction are below detection for the northwestern
area where high Cu, Au and As values occur.

Antimony was measured for both size fractions, with clay
contents ranging from 0.1 to 5.6 ppm (average = 0.80
+0.48 ppm), and clay+silt contents ranging from 0.5 to
13.1 ppm (average=1.84 +0.87 ppm). Threshold values are
around the 95" percentile for both fractions, at 1.5 and
2.7 ppm for the clay and clay+silt fractions, respectively
(Figure 3a). Spatially, the two size fractions show similar
distributions, with the most anomalous contents occurring
in the northeastern section of the study area (Figure 41).

Pb, Bi, Zn and Cd Contents

Lead was only analyzed in the clay fraction, and ranges from
6.6 to 64 ppm (average = 14.7 +5.2 ppm). Lead shows a
near normal distribution, although there is a subtle inflec-
tion in the cumulative probability plot near the 85™ percen-
tile (Figure 3a); setting the threshold value at the 95™ per-
centile gives anomalous Pb at >24 ppm. The strongest
correlations with Pb are shown by K (r = 0.591), La (r =
0.501), Bi(r=0.668), Th (r=0.720) and U (r=0.621). The
spatial distribution of anomalous Pb concentrations is dis-
tinct from the other ore-related elements, with the highest
Pb contents in the north-central part of the map area, be-
tween the northeastern and northwestern areas that are
anomalous in Au, Cu and As (Figure 4j). Bismuth (Figure
4k) shows a similar spatial distribution to Pb, along with U,
Th and the rare earth elements (REE). Bismuth ranges from
less than detection (0.1 ppm) to 2.7 ppm (average = 0.33
+0.26 ppm), with a threshold around the 95" percentile
(0.8 ppm; Figure 3b).

Zinc contents were analyzed in both size fractions and Cd
was only analyzed in the clay fraction. Zinc contents in clay
range from 83 to 531 ppm (average = 185 +42 ppm) com-
pared to 60 to 400 ppm in clay+silt (average = 167 +49 ppm,
with around 280 samples below detection). Cadmium
shows similar spatial distribution to Zn, and ranges from
0.1 to 4.0 ppm (average = 0.75 £ 0.48 ppm). Both metals
show the largest anomalies (threshold at the 95™ percentile
= 245 ppm Zn for clay, 250 ppm Zn for clay+silt and
1.6 ppm Cd for clay; Figure 3b) along the eastern side of the
map area (Figure 41, m), although Cd also shows several
anomalous values in the west-central portion of the study
area. Both Zn and Cd have strong positive correlations with
Mo (r = 0.743 and 0.586, respectively), As (r = 0.421 and
0.364, respectively) and Sb (r = 0.464 and 0.334, respec-
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tively), as well as with each other (r=0.719). Although Zn
correlates poorly with major elements, Cd is strongly corre-
lated with Ca (r = 0.595).

Rare Earth Elements, U, Th, K, Ca, Mg, Na,
Cr, Hf, Co, Mn and Ni Contents

REE (La, Ce, Nd, Sm, Eu, Yb), U, Th, K, Ca, Mg, Na, Ni
and Cr broadly show spatial relationships that are consis-
tent with changes in the dominant underlying bedrock li-
thology (e.g., Figure 4n). Thus incompatible elements (i.e.,
REE, U, Th, K, Hf), which are usually associated with
mafic alkalic rocks, are elevated in the northern part of the
study area where mafic alkalic rocks occur. In the large
HMC samples from this area of the map, >33% of the clasts
that are >2 mm are granitoid, indicating a greater preva-
lence of alkalic volcanic rocks and associated late-stage in-
trusive rocks. Conversely, whereas Co shows a strong cor-
relation with Mn in the clay fraction, Cr and Ni, which are
strongly adsorbed by Mn oxides and oxyhydroxides
(Nicholson and Eley, 1997; Leybourne et al., 2003), show
distribution patterns that follow the major mafic volcanic
bedrock units in the southern part of the study area (Fig-
ure 4n).

Heavy Mineral Concentrates:
Au, Pyrite and HgS

Alltill samples processed for heavy minerals (n=122) con-
tain visible Au. The number of Au grains per ~10 kg of sam-
ple ranges from 1 to 91 (Figure 5a) and the calculated Au
contents range from 1 to 4883 ppb (Figure 5b). Gold grains
were classified on the basis of size and morphology. Gold
grain morphologies are subdivided into three groups: pris-
tine, modified and reshaped, based on the classification
scheme of Dilabio (1990). The majority of Au grains in this
study are classified as reshaped (1098 of a total of 1347
grains or 81.5%), with less common modified grains (15%)
and rare pristine grains (3.5%). The threshold value for the
total number of Au grains is around 12 to 15 (80-85" per-
centile), based on changes in slope of a probability distribu-
tion.

Although they are only estimates, grain counts of pyrite and
cinnabar are useful. Pyrite counts range from zero to a high
0of~10 000 grains. Most of the till samples with elevated py-
rite grain counts (where anomalous values are approxi-
mately >50 grains) occur in the eastern and southern parts
of the study area (Figure 5c), distinctly south of the area
with anomalous metal values (northeastern corner of the
study area; Figures 4a—i, k-m). By contrast, cinnabar
counts range from 0 to 400, with anomalous cinnabar grain
counts (approximately >60 grains) in the western part of the
study area, with a trend of decreasing values to the south-
ecast (Figure 5d).
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Till Geochemical Exploration
Epigenetic Au-Cu Mineralization

In the northeastern part of the study area, there are a number
of Au and Cu-Au showings, as well as two small past-pro-
ducing placer deposits (discussed previously). Gold recov-
ered from the placer deposits was described as wiry to an-
gular (MINFILE 093] 007), suggesting that the placer gold
had not been transported far from source. Samples of the
clay fraction were analyzed by aqua-regia digestion fol-
lowed by ICP-MS, whereas the silt+clay fraction was ana-
lyzed by INAA, thus the ICP-MS results will be less biased
by the nugget effect. Gold in the clay fraction occurs either
as clay-sized gold grains, most likely a result of glacial
comminution and/or small-scale hydromorphic gold dis-
persion and adsorption to clay and oxyhydroxide mineral
surfaces in the clay fraction. Other than a small number
(~3) of highly anomalous Au values in the ICP-MS results,
there is a relatively strong correlation (r = 0.410) between
Cu and Au; this suggests that much of the Au is associated
with Cu-sulphide minerals. The pathfinder elemental asso-
ciations determined here (Sb, As, Se, T1, Cd, Zn) are consis-
tent with this style of mineralization. This association is co-
herent with descriptions of many of the showings in the
northeastern section of the study area; showings of quartz
veins with Cu+Au, Ag and/or PGE (MINFILE 093] 007,
093] 012,093J 027,093J 037), likely of epigenetic origin.
The main cluster of till samples with anomalous values is
essentially spatially coincident with many of the showings.
The dominant ice flow towards the northeast can be used
for further prospecting.

Porphyry Cu-Au

There is potential for porphyry Cu-Au—style mineralization
in the study area based on the presence of the Mount
Milligan porphyry Cu-Au developed prospect in correla-
tive rocks to the northwest of the study area. The till geo-
chemical data shows elevated values of Cu and Au and a
number of pathfinder elements (e.g., As, Hg, Sb) in the
northwestern part of the study area (Figures 4a, b, ¢, d, f, g,
i). These anomalous till samples strongly indicate sources
of mineralization up-ice, towards the southwest. There are
anumber of Cu and Cu-Au showings coincident and up-ice
of this area of elevated geochemical values (Figure 2). At
the Tsil showing (MINFILE 094C 180), in the northwest-
ern corner of the study area, there are reports of outcrops of
intermediate hornblende and feldspar porphyritic rocks ex-
hibiting quartz-carbonate alteration with pyrite, pyrrhotite
and rare chalcopyrite veins. The main cluster of Cu and Au
anomalies in the northwestern part of the study area directly
overlie the main cluster of Cu and Au showings in this area
(Figure 2).

Geoscience BC Summary of Activities 2010



L-1L0Z Hodey Og 99usl0s0eD)
=

B5°N
91
- 68
- 46
24
N
grains
124°W T ' N
0 5 10 20 ki
1 1 P Gold

v - ) 1w
0

- i Gold - calculated

- 3,662
- 2,442
(]
1,202 g
0
0,
0
3
0
]
L |
ppb 0
4.25°N

Figure 5. Proportional dot maps for a) gold grain counts from heavy mineral concentrates from 10 kg till samples, central British Columbia. Also presented are b) calculated gold contents (ppb)
of heavy mineral concentrates, which are based on gold grain counts. Data are overlaid on the bedrock geology map presented in Figure 2.
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Volcanogenic Massive Sulphide Deposits

VMS deposits occur to the southeast and to the northwest of
the study area along the trend of the major bedrock units.
There should be significant potential for VMS mineraliza-
tion in the study area, even though there are no VMS show-
ings or deposits listed in MINFILE. However, this study in-
dicates there is relatively little spatial correlation between
the major metals associated with VMS mineralization.
Lead anomalies are clearly distinct from both Cu and Zn.
The relatively low Pb contents in the till in the study area,
compared to other areas of VMS deposits (cf., Hall et al.,
2003; Parkhill and Doiron, 2003), could be related to three
factors:

e Given the preponderance of mafic volcanic rocks in this
part of BC, VMS mineralization, if present, would
likely be lead-poor given the generally juvenile nature
of the source of the volcanic rocks (Smith et al., 1995;
Patchett and Gehrels, 1998; Dostal et al., 1999; Erdmer
etal.,2002; Rossetal., 2005). Also, VMS deposits asso-
ciated with ocean floor and oceanic arc settings are lead-
poor compared to those associated with continental mar-
gins (Franklin et al., 1981; Galley et al., 2007).

e Only the clay fraction was analyzed for Pb, by aqua-
regia digestion followed by ICP-MS, and it is possible
that Pb is present in a less labile form or in a coarser size
fraction.

e [t is possible that the thick till units of the study area
have diluted the geochemical signature of underlying
bedrock lithologies resulting in subdued anomalies for
metals.

There is still potential for VMS-style mineralization in the
study area. The general lack of spatial correlation between
anomalous Cu and Zn may simply be a function of VMS-
related Cu anomalies being masked by greater Cu abun-
dances associated with porphyry Cu-Au and epigenetic
Au-Cu mineralization. Zinc shows poor correlations with
Ni, Cr and Mg indicating that anomalous Zn contents in the
till are not simply a function of weathering of mafic volca-
nic rocks. In addition to anomalous Zn along the eastern
portion of the study area (Figure 41), there are coincident
anomalies for Cd, Bi and TI, suggesting the potential for
concealed, presently unrecognized, Zn mineralization. The
HMC samples with the highest pyrite grain counts are also
from the east-central part of the map area (Figure 5c), fur-
ther suggesting the presence of VMS-style mineralization
in this area. More detailed work following up the source of
anomalous pyrite grain counts and Zn, Cd, Bi and Tl
contents in the till is warranted.

Mercury

Pinchi Lake mercury mine (MINFILE 093K 049) is lo-
cated on the Pinchi fault approximately 45 km to the north-
west of the two Hg occurrences in the southwestern portion
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ofthe study area (Figure 2). The Pinchi Lake mine operated
from 1940 to 1944 and 1968 to 1975, and was one of only
two mercury-producing mines in Canada (Plouffe, 1998).
The two Hg showings within the study area are associated
with the extension of the Pinchi fault, but anomalous cinna-
bar counts and Hg contents in the clay fraction are not spa-
tially associated with these showings (Figures 4f, 5d). Ele-
vated cinnabar grain counts occur to the north of the showings,
suggesting additional sources of fault-associated Hg min-
eralization up-ice from the cinnabar grains. Moderately el-
evated Hg in the clay fraction also occurs in the area of high
cinnabar grain counts. Follow-up work that includes an
analysis of the clay+silt fraction using an analytical method
with lower detection limits for Hg is warranted.

Cluster Analysis

Ak-means cluster analysis was performed on the geochem-
ical results from the clay fraction of the till samples (Fig-
ure 60). Cluster analysis helps to identify natural groupings
of geochemical data that may not be easily evident from
manual identification (cf., Grunsky, 2010). It is a way of
seeing elemental associations in a spatial context. K-means
clustering is a method of partitioning n observations into k
clusters, based on minimizing the sum of the squares from
the mean within each cluster, similar to principle compo-
nent analysis. In this analysis, data clusters are plotted as
colour symbols for two, three, five and seven clusters; k-
means cluster analysis requires independent estimates of
the number of clusters. The k-means clustering was per-
formed using the following elements: Mo, Cu, Pb, Zn, Ni,
Co, Mn, Fe, As, U, Au, Sr, Cd, Sb, V, Th, Ca, La, Cr, Mg,
Ba, Al, Na, K, Sc and Hg. These analyses graphically dem-
onstrate the spatial associations described above and reflect
differences in the bedrock geology and their potential styles
of mineralization. Two clusters broadly divides the study
area into a northern third and a southern two-thirds. This
two cluster subdivision correlates well with the till samples
in the north having higher Cu, Au, As, Hg, Sb, Ti, V, Hf,
REE, U, Th and Pb (blue squares, Figure 6a) and till sam-
ples in the southern two-thirds having higher Ca, Mg, Cr
and Ni (green diamonds, Figure 6a). As the number of clus-
ters is increased, there is an increase in coherent data clus-
ters that correspond to many of the element relationships,
and potential styles of mineralization, discussed above.
Thus, for five and seven clusters (Figures 6¢, d), the analy-
sis clearly separate tills in northwestern part of the study
arca thatare elevated in Cu-Au (green diamonds, Figure 6c¢;
solid blue squares, Figure 6d), from tills of the northeastern
part that are elevated in Cu-Au-Mo-Ag-Sb (pink crosses,
Figure 6¢; red diamonds, Figure 6d). Both of these areas are
distinct from the region between them, which is character-
ized by anomalous Pb and Bi contents in the till (blue open
squares, Figure 6c¢; red crosses, Figure 6d). The seven-
cluster plot also distinguishes the very southern block of'till

91



Z6

0102 SeNIANOY JO AIBLUWING g 82UsI0S089)

T 20k Two clusters © B8  Unclassified + 4

Figure 6. Results of cluster analysis of the clay fraction of till geochemical data (Mo, Cu, Pb, Zn, Ni, Co, Mn, Fe, As, U, Au, Sr, Cd, Sb, V, Th, Ca, La, Cr, Mg, Ba, Al, Na, K, Sc and Hg), central Brit-
ish Columbia. Samples were divided into a) two and b) three clusters. Data are overlaid on the bedrock geology map presented in Figure 2. Note that although the number of clusters is set for

each analysis, data that do not conform to a major cluster are assigned different symbols.

b)

20km Three clusters+<¢ 0  Unclassified 40

Og @oualoshan



L-1L0Z Hodey Og 99usl0s0eD)

20km Five clusters 4+ ¢+0<¢ Unclassified 0 +

20kM Saven clusters"t!%n Unclassified o

g aouansoan

€6

Figure 6 (continued). Results of cluster analysis of the clay fraction of till geochemical data (Mo, Cu, Pb, Zn, Ni, Co, Mn, Fe, As, U, Au, Sr, Cd, Sb, V, Th, Ca, La, Cr, Mg, Ba, Al, Na, K, Sc and
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clusters is set for each analysis, data that do not conform to a major cluster are assigned different symbols.
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samples (open blue squares), from the other southern till
(purple box crosses), based on the most southern group
having less elevated Cr, Ni and Mg contents (Figure 6d).

Conclusions

In part of the QUEST Project area, central BC, 712 till sam-
ples have been collected where thick glacial deposits cover
bedrock, hindering both bedrock mapping and mineral ex-
ploration programs. The study area occurs within the
Quesnel terrane, and is dominated by middle to upper Tri-
assic mafic volcanic rocks and volcaniclastic sedimentary
rocks of the Nicola Group. The large Mount Milligan Cu-
Au porphyry deposit occurs just to the northwest of the
study area in correlative rocks, part of a near linear,
northwest-trending series of Cu=Mo deposits that occur
within this terrane. Till geochemical data and heavy min-
eral grain count data highlight four areas that warrant
further work:

1) Inthenorthwestern part of the study area, there is a large
number of till samples with significantly anomalous Cu
and Au contents (and coincident but less significant As
and Ag anomalies). The underlying rocks are correla-
tive with those that host the Mount Milligan Cu-Au por-
phyry deposit. Consistent with the potential for por-
phyry Cu-Au style mineralization, there are a number of
showings associated with alkalic volcanic and porphy-
ritic rocks. This area also has elevated Hf, REE, Th, Ti,
Fe and V, reflecting Fe-rich alkalic igneous rocks in the
underlying and up-ice bedrock.

2) In the northeastern part of the study area, there are Au,
Cu, As, Ag, Sb and Cd anomalies in an area with several
epigenetic-type Cu-Au vein showings and two small-
scale past-producing Au (and Pt) placer mines.

3) In the east-central portion of the study area, till samples
have elevated Zn, Cd and Bi contents, as well as high py-
rite grain counts (up to 10 000 grains in a 10 kg sample).
There are no known showings or mineralization in this
part of the study area; the till geochemical results sug-
gest the possibility of concealed VMS-type mineraliza-
tion.

4) In the west-central portion and into the central portion
of the study area, Hg values and elevated cinnabar grain
counts suggest there is fault-associated Hg mineraliza-
tion up-ice, perhaps similar to the Pinchi Lake mercury
mine located to the west of the study area.

In these four areas, increased till sample density could pro-
vide some insight into the locations of potentially mineral-
ized bedrock. Till sampling can become more challenging,
however, as sample density increases appropriate sample
material can be difficult to find and access to good sample
sites can be limited. In such cases, prospecting (including
an examination of clasts in drift) and trenching could be
carried out to further test these areas.

94

Acknowledgments

Geoscience BC provided the majority of funding for this
project and the authors extend many thanks to C. Anglin
and C. Sluggett for helping to make this project happen.
The Mountain Pine Beetle (MPB) Program under the direc-
tion of C. Hutton (GSC, Natural Resources Canada) pro-
vided funding for a portion of the geochemical analyses for
samples taken in 2008. M. Casola, M. Dinsdale, K. Ken-
nedy, J. McDonald, C. Pennimpede, S. Reichheld, I. Sellers
and D. Vis provided able assistance in the field. Geochemi-
cal reference standards were provided by R.E. Lett, along
with helpful discussion on till geochemistry with the first
author. Review by T. Ferbey improved the manuscript.
J. Dawson spent an inordinate amount of time improving
the clarity of the manuscript.

References

Abbott, B., Stennes, B. and Van Kooten, G.C. (2009): Mountain
pine beetle, global markets, and the British Columbia forest
economy; Canadian Journal of Forest Research, v. 39,
p- 1313-1321.

Activation Laboratories Ltd. (2010):1D (1D Enh) INAA; URL
<http://www.actlabs.com/page.aspx?page=496&app=226
&cat1=549&tp=12&lk=no&menu=64> [November 2010].

Armstrong, J.E., Crandell, D.R., Easterbrook, D.J. and Noble, J.B.
(1965): Late Pleistocene stratigraphy and chronology in
south-western British Columbia and north-western Wash-
ington; Geological Society of America Bulletin, v. 72,
p. 321-330.

Averill, S.A. (2001): The application of heavy indicator mineral-
ogy in mineral exploration with emphasis on base metal in-
dicators in glaciated metamorphic and plutonic terrains;
Geological Society Special Publications, v. 185, p. 69-81.

BC Geological Survey (2010): MINFILE BC mineral deposits da-
tabase; BC Ministry of Forests, Mines and Lands, URL
<http://minfile.ca/> [August 2010].

Blais-Stevens, A. and Clague, J.J. (2007): Surficial geology,
south-eastern portion of the Prince George map area British
Columbia; Geological Survey of Canada, Open File 5274,
scale 1:100 000.

Clague, J.J. (1989): Chapter 1: Quaternary geology of the Cana-
dian Cordillera; in Quaternary Geology of Canada and
Greenland, R.J. Fulton (ed.), Geology of Canada Series No.
L., p. 17-96.

Clague, J.J. (1998a): Surficial geology, Cluculz Lake, British Co-
lumbia; Geological Survey of Canada, Open File 3638,
scale 1:100 000.

Clague, J.J. (1998b): Surficial geology, West Road (Blackwater)
River, British Columbia; Geological Survey of Canada,
Open File 3639, scale 1:100 000.

Coops, N.C. and Wulder, M.A. (2010): Estimating the reduction in
gross primary production due to mountain pine beetle infes-
tation using satellite observations; International Journal of
Remote Sensing, v. 31, p. 2129-2138.

Dilabio, R.N.W. (1990): Classification and interpretation of the
shapes and surface textures of gold grains from till; in Cur-
rent Research, Part C, Geological Survey of Canada, Paper
90-1C, p. 323-329.

Geoscience BC Summary of Activities 2010


http://www.actlabs.com/page.aspx?page=496&app=226&cat1=549&tp=12&lk=no&menu=64
http://www.actlabs.com/page.aspx?page=496&app=226&cat1=549&tp=12&lk=no&menu=64
http://minfile.ca/

Gedscience BC

Dostal, J., Gale, V. and Church, B.N. (1999): Upper Triassic Takla
Group volcanic rocks, Stikine Terrane, north-central British
Columbia: geochemistry, petrogenesis, and tectonic impli-
cations; Canadian Journal of Earth Sciences, v. 36, p. 1483—
1494.

Dreimanis, A. (1989): Tills: their genetic terminology and classifi-
cation; in Genetic Classification of Glacigenic Deposits,
R.P. Goldthwait and C.L. Matsch (ed.), A.A. Balkema, Rot-
terdam, p. 17-83.

Erdmer, P., Moore, J.M., Heaman, L., Thompson, R.I., Daughtry,
K.L. and Creaser, R.A. (2002): Extending the ancient mar-
gin outboard in the Canadian Cordillera: record of Protero-
zoic crust and Paleocene regional metamorphism in the
Nicola horst, southern British Columbia; Canadian Journal
of Earth Sciences, v. 39, p. 1605-1623.

Franklin, J.M., Lydon, J.W. and Sangster, D.F. (1981): Volcanic-
associated massive sulfide deposits; Economic Geology,
75th Anniversary, p. 485-627.

Galley, A.G., Hannington, M. and Jonasson, I. (2007):
Volcanogenic massive sulfide deposits; in Mineral Deposits
of Canada: A Synthesis of Major Deposit-Types, District
Metallogeny, the Evolution of Geological Provinces, and
Exploration Methods, W.D. Goodfellow (ed.), Geological
Association of Canada, Special Publication no. 5, p. 141—
161.

Grunsky, E.C. (2010): The interpretation of geochemical survey
data; Geochemistry: Exploration, Environment, Analysis, v.
10, p. 27-74, doi:10.1144/1467-7873/09-210.

Hall, GE.M., Parkhill, M.A. and Bonham-Carter, GF. (2003):
Conventional and selective leach geochemical exploration
methods applied to humus and B horizon soil overlying the
Restigouche VMS deposit, Bathurst Mining Camp, New
Brunswick; in Massive Sulphide Deposits of the Bathurst
Mining Camp, New Brunswick, and Northern Maine,
W.D. Goodfellow, S.R. McCutcheon and J.M. Peter (ed.),
Economic Geology Monograph 11, p. 763-782.

Hoffman, E.L. (1992): Instrumental neutron-activation in
geoanalysis; Journal of Geochemical Exploration, v. 44, p.
297-319.

Holland, S.S. (1976): Landforms of British Columbia—a physio-
graphic outline; BC Ministry of Forests, Mines and Lands,
Bulletin 48, 138 p.

Levson, V.M. (2001): Regional till geochemical surveys in the Ca-
nadian Cordillera: sample media, methods and anomaly
evaluation; in Drift Exploration in Glaciated Terrain,
M.B. McClenaghan, P.T. Bobrowsky, G.E.M. Hall and
S.J. Cook (ed.), The Geological Society, Special Publication
no. 185, p. 45-68.

Levson, V.M. and Giles, T.R. (1997): Quaternary geology and till
geochemistry studies in the Nechako and Fraser Plateaus,
central British Columbia; in Interior Plateau Geoscience
Project: Summary of Geological, Geochemical and Geo-
physical Studies, L.J. Diakow, P. Metcalfe and J. Newell
(ed.), BC Ministry of Forests, Mines and Lands, Paper 1997-
2, p. 121-145.

Leybourne, M.1., Boyle, D.R. and Goodfellow, W.D. (2003): In-
terpretation of stream water and sediment geochemistry in
the Bathurst Mining Camp, New Brunswick: applications to
mineral exploration; in Massive Sulphide Deposits of the
Bathurst Mining Camp, New Brunswick, and Northern
Maine, W.D. Goodfellow, S.R. McCutcheon and J.M. Peter
(ed.), Economic Geology Monograph 11, p. 741-761.

Geoscience BC Report 2011-1

Logan, J.M., Schiarizza, P., Struik, L.C., Barnett, C., Nelson, J.L.,
Kowalczyk, P., Ferri, F., Mihalynuk, M.G., Thomas, M.D.,
Gammon, P, Lett, R., Jackaman, W. and Ferbey, T. (2010):
Bedrock geology of the QUEST map area, central British
Columbia; Geoscience BC, Report 2010-5 and BC Ministry
of Forests, Mines and Lands, Geoscience Map 2010-1 and
Geological Survey of Canada, Open File 6476, URL
<http://www.geosciencebc.com/s/2010-005.asp> [Novem-
ber 2010].

Mathews, W.H. (1986): Physiographic map of the Canadian Cor-
dillera; Geological Survey of Canada, “A” Series Map
1710A, scale 1:5 000 000.

McClenaghan, M.B. (2005): Indicator mineral methods in mineral
exploration; Geochemistry: Exploration, Environment,
Analysis, v. 5, p. 233-245.

McClenaghan, M.B., Ward, B.C., Kjarsgaard, .M., Kjarsgaard,
B.A.,Kerr, D.E. and Dredge, L.A. (2002): Indicator mineral
and till geochemical dispersal patterns associated with the
Ranch Lake kimberlite, Lac de Gras region, NWT, Canada;
Geochemistry: Exploration, Environment, Analysis, v. 2, p.
299-320.

Nelsen, J.L., Scoble, M. and Ostry, A. (2010): Sustainable socio-
economic development in mining communities: north-
central British Columbia perspectives; International Journal
of Mining, Reclamation and Environment, v. 24, p. 163—
179.

Nicholson, K. and Eley, M. (1997): Geochemistry of manganese
oxides: metal adsorption in freshwater and marine environ-
ments; in Manganese Mineralization: Geochemistry and
Mineralogy of Terrestrial and Marine Deposits, K. Nichol-
son, J.R. Hein, B. Biihn and S. Dasgupta (ed.), Geological
Society Special Publication no. 119, p. 309-326.

Parkhill, M.A. and Doiron, A. (2003): Quaternary geology of the
Bathurst Mining Camp and implications for base metal ex-
ploration using drift prospecting; in Massive Sulphide De-
posits of the Bathurst Mining Camp, New Brunswick, and
Northern Maine, W.D. Goodfellow, S.R. McCutcheon and
J.M. Peter (ed.), Economic Geology Monograph 11.

Patchett, P.J. and Gehrels, GE. (1998): Continental influence on
Canadian Cordilleran terranes from Nd isotopic study, and
significance for crustal growth processes; Journal of Geol-
ogy, v. 106, p. 269-280.

Plouffe, A. (1997): Ice flow and late glacial lakes of the Fraser gla-
ciation, central British Columbia, in Current Research
1997-A, Geological Survey of Canada, p. 133—143.

Plouffe, A. (1998): Detrital transport of metals by glaciers, an ex-
ample from the Pinchi mine, central British Columbia; Envi-
ronmental Geology, v. 33, p. 183-196.

Plouffe, A. (2000): Quaternary geology of the Fort Fraser and
Manson River map areas, central British Columbia; Geolog-
ical Survey of Canada, Bulletin 554, 62 p.

Ross, GM., Patchett, P.J., Hamilton, M., Heaman, L., Decelles,
P.G,, Rosenberg, E. and Giovanni, M.K. (2005): Evolution
of the Cordilleran orogen (southwestern Alberta, Canada)
inferred from detrital mineral geochronology, geochemistry,
and Nd isotopes in the foreland basin; Geological Society of
America Bulletin, v. 117, p. 747-763.

Sacco, D.A., Ward, B.C., Maynard, D., Geertsema, M. and
Reichheld, S. (2010): Terrain mapping, glacial history and
drift prospecting in the northwest corner of McLeod Lake
map area (part of NTS 093]), central British Columbia; in
Geoscience BC Summary of Activities 2009, Geoscience
BC, Report 2010-1, p. 33—42, URL <http://www.geoscience

95


http://www.geosciencebc.com/s/2010-005.asp
http://www.geosciencebc.com/i/pdf/SummaryofActivities2009/SoA2009_Sacco.pdf

Gedscience BC

be.com/i/pdf/SummaryofActivities2009/SoA2009 Sacco.
pdf> [November 2010].

Smith, A.D., Brandon, A.D. and Lambert, R.S. (1995): Nd-Sr iso-
tope systematics of Nicola Group volcanic rocks, Quesnel
terrane; Canadian Journal of Earth Sciences, v. 32, p. 437—
446.

Struik, L.C. (1994): Geology of the Mcleod Lake map area (93J),
British Columbia; Geological Survey of Canada, Open File
2439, 18 p.

Stumpf, A.J., Broster, B.E. and Levson, V.M. (2000): Multiphase
flow of'the late Wisconsinan Cordilleran ice sheet in western
Canada; Geological Society of America Bulletin, v. 112, p.
1850-1863.

Tipper, H.W. (1971a): Glacial geomorphology and Pleistocene
history of central British Columbia; Geological Survey of
Canada, Bulletin 196, 89 p.

Tipper, H.W. (1971b): Multiple glaciations in central British Co-
lumbia; Canadian Journal of Earth Sciences, v. 8, p. 743—
752.

96

Ward, B., Maynard, D., Geertsema, M. and Rabb, T. (2009): Ice-
flow history, drift thickness and drift prospecting for a por-
tion of the QUEST Project area, central British Columbia
(NTS 093G, H [west half], J); in Geoscience BC Summary of
Activities 2008, Geoscience BC, Report 2009-1, p. 25-32,
URL <http://www.geosciencebc.com/i/pdf/Summaryof
Activities2008/SoA2008-Ward_original.pdf> [November
2010].

Woods, A.J., Heppner, D., Kope, H.H., Burleigh, J. and
Maclauchlan, L. (2010). Forest health and climate change: a

British Columbia perspective; Forestry Chronicle, v. 86, no.
4, p. 412-422.

Waulder, M.A., Ortlepp, S.M., White, J.C., Nelson, T. and Coops,
N.C. (2010): A provincial and regional assessment of the
mountain pine beetle epidemic in British Columbia: 1999-
2008; Journal of Environmental Informatics, v. 15, p. 1-13.

Geoscience BC Summary of Activities 2010


http://www.geosciencebc.com/i/pdf/SummaryofActivities2008/SoA2008-Ward_original.pdf
http://www.geosciencebc.com/i/pdf/SummaryofActivities2008/SoA2008-Ward_original.pdf

