Geochemistry Projects of the British Columbia Geological Survey

by R.E. Lett and J. Doyle

KEYWORDS: geochemistry, copper, gold, soils, databases,
Spanish Mountain

INTRODUCTION

Geochemistry traditionally plays a significant role in
British Columbia mineral exploration and in the past has
been responsiblefor the discovery of several economically
viable deposits. Drainage sediment, soil and rock surveys
were among the geochemical techniquesfirst used by min-
ing companiesand later by government agencies. Research
by the Government of Canada and the need to identify new
strategic mineral resources encouraged thefederal and pro-
vincial governmentsto start aregional geochemical survey
(RGS) over BC in 1976. This survey was a part of a Na-
tional Geochemical Reconnaissance (NGR) program that
now covers much of Canada. Regional stream sediment
surveyswere subsequently undertaken by the BC Geol ogi-
cal Survey (BCGS) and most recently by Geoscience BC,
an agency that hasalso carried out an ambitious program of
reanalyzing archived drainage samples for new elements
with aquaregiadigestion followed by inductively coupled
plasma-mass spectrometry (ICP-MS) and instrumental
neutron activation analysis (Jackaman, 2008). BCGS geo-
chemistry projects have changed in scope over time from
the management of large regional data collectionsto more
focus on research aimed at improving geochemical pros-
pecting methods for minerals. In addition to research, there
has also been an emphasis on updating geochemical data-
baseswith resultsfrom new surveysto make databases con-
tinuously useful to the mining community. This paper re-
portson geochemical research activitiesand related project
work that has been carried out in the past year.

GEOCHEMICAL DATABASES

Regional Geochemical Survey Database

An atlas of contoured maps showing the spatial varia-
tion of As, Au, Cu, Co, Fe, Mn, Mo, Ni, Pb, U and Znin
stream sediment, lake sediment and moss-mat sediments
wasreleased in 2008 by Lett et al. (2008). The element val-
ues used to create the maps were captured from a
Microsoft® Access database that contains location co-or-
dinates, field records and analyses for over 56 000 stream
sediment, lake sediment and moss-mat sediment samples
collected at an average density of one sample per 13 km?.
Updates of information from more detailed drainage and

This publication is also available, free of charge, as colour
digital filesin Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http: /mmww.empr.gov.bc.ca/Mining/Geosci ence/PublicationsCata
logue/Fieldwork/Pages/default.aspx.
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Geoscience BC regional surveys have produced aversion
of the database containing records for 59 633 sample sites.
Stream sediment, lake sediment and moss-mat sediment
sample coverage is shown on Figure 1. Geology codes are
included inthe most recent database by linking samplesites
to the geological polygons of the BC digital geology map
published by Massey et al. (2005). One advantage of in-
cluding stratigraphic and rock-type codes for each sample
inthedatabaseisthat the element datacan beeasily used for
cal culating drainage sediment thresholdsthat morerealisti-
cally reflect bedrock geology. Another tool for refining the
interpretation of drainage sediment geochemistry isadigi-
tal catchment basin atlas, like the one created by Cui et al.
(2009) for drainage sediment survey siteson Vancouver |s-
land. The atlas has revived an earlier BCGS project by
Sibbick (1994) who recalculated geochemical thresholds
for drainage sediment samples taken on Vancouver Island
based on the predominant rock type within the limits of the
stream catchment basin.

Till Geochemical Database

Since 1991, the BCGS and the Geological Survey of
Canada (GSC) have analyzed over 5000 drift samples col-
lected acrossthe province. Much of these geochemical data
are available to the public in digital form. Ferbey (2008)
summarized the spatial coverage of BCGS drift prospect-
ing surveys and Jackaman (2007) compiled BCGS and
GSC till geochemical survey datafor parts of the BC inte-
rior affected by the mountain pine beetle infestation. Lett
(2008) created a database of combined BCGS and GSC
drift geochemical datafrom central BC and Vancouver |s-
land with previously unpublished analyses of till samples
collected around Mount Milligan (MINFILE 093N 191,
MINFILE, 2008). Figure 2 shows the distribution of till
sample sites and the outlines of the geochemical survey ar-
eas. The analytical methods used to producethetill sample
data are instrumental neutron activation analysis (INAA),
agua regia digestion followed by inductively coupled
plasma-emission spectroscopy (ICP-ES), ICP-ES with
[ithium metaborate fusion and loss on ignition (LOI). Not
all of the samples have been analyzed by these four tech-
niques. Inthedatabase, thetill sampleshavebeen classified
by bedrock geology at the sample site based on published
BCGS geology maps (Massey et al., 2005) and also by
surficial sediment type (e.g., lodgment till, melt-out till,
colluvium) from the descriptions in the source publication
for the geochemical data.

SPANISH MOUNTAIN PROJECT

A geochemical study of the Spanish Mountain Au-
deposit rock wasinitiated in 2008 asaUniversity of Victo-
ria undergraduate thesis project (Figure 3). Gold mineral-
ization at Spanish Mountainisunusual for BCinthat the Au
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Figure 1. Regional Geochemical Survey stream sediment, lake sediment and moss-mat sediment sites in
British Columbia.
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Figure 2. Outline of till prospecting survey areas (from Ferbey, 2008) and location of regional till sample
sites, British Columbia. Abbreviations: GSC, Geological Survey of Canada; MEMPR, Ministry of Energy,
Mines and Petroleum Resources.
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ismost closely associated withablack argilliteunit withina
metasedimentary facies of the Quesnel Terrane. The de-
posit may be orogenic or sedimentary-hosted Au based ona
comparison to similar depositsin China, the United States
and Russia(Largeetal., 2007). At Spanish Mountain, there
isextensive Fe-Mg carbonate and serecite alteration, vary-
ing Zn, Cu, Sh, Pb, As and Mg concentrations in the bed-
rock that is associated with the Au mineralization. Among
guestions that still remain unanswered are the relationship
between the carbonate alteration and the Au mineraliza-
tion. During the summer of 2008, bedrock and diamond-
drillcore samples were collected for optical petrography,
mineral identification by x-ray diffraction, major oxide,
minor and trace-element analysis and laser ablation analy-
sis. The geochemical analysisislargely complete and thin
sections have been examined. Project details are
documented in Paterson, Lett and Telmer (2009).

SOIL GEOCHEMICAL ORIENTATION
STUDIES

Background

Preliminary results of detailed geochemical orienta-
tion surveys carried out over the Mouse Mountain and
Shiko Lake mineral occurrences aswell asthe Soda Creek
areawere reported by L ett and Sandwith (2008; Figure 3).
The surveyswere carried out to establish the optimum soil
sampling and analytical techniquesto detect porphyry Cu-
Au mineralization that is commonly covered by glacially
transported overburden. Samples from the major soil hori-
zons (F-H, B, C) were taken from vertical profiles along

traverses crossing each area. The samples were analyzed
for elements by several commercia selective extraction
methods to determine which combination of soil horizon
and analytical method would give the greatest anomaly
contrast (signal to noise ratio) for ore indicator and path-
finder elements. Samplesfor preparation and analysiswere
taken from the decomposed humus (F-H) horizon just be-
neath the surface vegetation litter; the upper B-horizon soil
just under the eluviated (Ae) horizon (where visible); the
lower B-horizon soil close to the transition from the B- to
C-horizon soil; and fromthe C-horizon soil. The C-horizon
soil isglacial sediment that is most commonly atill. An ad-
ditional sample at each profile was collected at a depth of
20—25 cm, independent of the horizon, for Mobile Metal
lon™ (MMI) analysis. A typical soil proflle is shown in
Figure 4.

The methods used to study the soil geochemistry have
been previously described by Lett and Sandwith (2008).
Hereis abrief summary of each analytical method:

e Aquaregiadigestion followed by ICP-MS analysis of
the<0.18 mmfraction of the B-horizon soil sampleand
the <0.063 mm fraction of the C-horizon soil sample
for 37 elements, including Au and Cu, at AcmeAnalyt-
ical Laboratories Ltd. (Vancouver, BC). F-H—horizon
soil samples were milled before ICP-MS analysis.

e INAA of the <0.18 mm fraction of the B-horizon soil
sample and the <0.063 mm fraction of the C-horizon
soil sample for 33 elements, including Au, at Activa-
tion Laboratories Ltd. (Ancaster, ON).

e Enzyme Leach®™ and Bio Leach® analysis of the
<0.18 mmfraction of the B-horizon soil samplefor ele-
mentsincluding Br and I. Bio Leach®™ isaproprietary

1 Soda Creek
2 Mouse Mountain

3 Spanish Mountain

4 Shiko Lake

C Horizon

Figure 3. The location of the Spanish Mountain project area and geochemical orientation sur-
vey areas.
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Figure 4. Atypical soil profile from
Mouse Mountain, British Colum-
bia, with the horizons identified.
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selective extraction developed by Activation Labora Table 1. Elements determined by aqua regia diges-

toriesLtd. that utilizesbacterial decomposition of min- tion followed by inductively coupled plasma-mass
era sulphides. The bacteria cell membranes rupture spectrometry (ICP-MS) analysis, instrumental neu-
when organlsms die leaving a diagnostic organlc and tron actlvatlon analysis (INAA) Enzyme Leach™", Bio

Leach®" and Mobile Metal lon*" (MMI) analyses Wlth
instrumental detection limits. The - indicates that an
element was not determined or that all values were

inorganic geochemical signature. Bio Leach®™ dis-
solves the dead bacteria remnants in the surface soils

and detects the geochemical signature of the sulphide below the instrumental detection limit.
minerals (E. Hoffman, pers comm, 2008).

e Soil GasHydrocarbons™ (SGH) analysis for C5-C17 o Cnyme Blo
organic compounds that have been absorbed on B- Element ICP-MS INAA - MMI™® - Leach™ Leach
horizon soil samples (Activation Laboratories Ltd.). (ppm) (ppm) (ppb)  (pPD)  (PPD)

e MMI analysis, a method described by Mann et al. /Z? Zlg%b ope i o2 o2
(1998), of soil samples for metals including Cu, Pb, As 0.1 05 10 1 05
Zn, Ni, Cd, Au, Agand Cowith aproprietary selective Au 2ppb  2ppb 0.1 0.05 0.05
extraction (SGS Minerals Services laboratory, To- Ba 05 50 10 1 1
ronto, ON). Be - - - 2 0.07

Bi 0.02 - 1 0.8 0.1

e Lossonignition (LOI) at 500°C of the <0.18 mm frac- Br - 05 - 5 5
tion of the B-horizon soil samplesat Acme Analytical Ca 100 10000 10 - -
Laboratories Ltd. gg 0.01 ; 51) g-i 8-82

e Mineral grain identification, Au grain shape (re- cl - - - 2 -
shaped, modified, pristine) and the number of Au Co 0.1 1 5 1 0.1
grainsin heavy mineral concentrates (specific gravity Cr 05 5 100 20 2
>3.3) recovered from C-horizon soil samplesat Over- T o0 o
burden Drilling Management (Nepean, ON). Dy N ] 1 01 0.01

Er - - 0.5 0.1 0.01
Summary of Results e o 2 05 01 0.01
Lett and Sandwith (2008) concluded from an examina- ga 02 - : oo
tion of the geochemical data generated mainly by aqua Ge ] ] ; 05 0.05
regiadigestion-ICP-MS analysis of soil samples from the Hf . 1 . 0.1 0.04
three orientation survey areas that anomalous Cu and Au Hg 5ppb  1ppb - 1 0.05
with Ag, V and Co in the C- and lower B-horizon soil ap- Ho - - - 0.1 0.01
peared to be geochemical pathfinders for porphyry Cu-Au ' - - - 2 1
mineralization. However, results suggested that the geo- " s os 1 o7 o
chemistry of the shallow, upper B-horizon soil is less re- L? ) ) 5 ’ 02
lated to the underlying parent till geochemistry than the C- Lu ] ] ) 01 0.01
horizon soil is because of greater modification by various Mg 100 ; 1 _
soil-forming and hydromorphic processes. Much of the Mn 1 - - 1 0.1
geochemical data that was unavailable last year has now Mo 0.01 1 5 1 2
been assembled allowing a more complete analysis of the Nb - - 05 1 0.2
information but only the soil geochemical and Au mineral N o1 e e 0 9%
data from the Mouse Mountain and Shiko Lake mineral Pb 0.01 ) 10 1 o1
properties will be reviewed in this paper. A more detailed Pr 1 0.1 0.01
project report analyzing all of the datawill be published in Pt - - 1 1 0.5
2009 as a BCGS GeoFile. Pd - - 1 1 05
Sixty-three elements, losson ignition and soil pH have ES . o ° 1 00615
been determined by agu areg|ad|gest|on—l CP-MS, INAA, Sb 002 04 1 01 0.2
MM, Enzyme Leach™ and Bio Leach®. Detection limits Sc 0.1 0.1 5 100 0.5
for each element by each method are summarized in Ta- Se 0.1 3 - 5 1
ble 1. However, only Ag, As, Au, Ba, Co, Cr, La, Mo, Ni, Sm - 0.1 1 0.1 0.03
Sb, Sr, U and Zn have been measured by all of the methods Sn - 200 1 08 -
andinthecaseof Cuand PbtherearenoINAA results. Bro- fr 03 0 10 ! 0.1
. ¢ SM ; a - 0.5 1 0.1 0.01
mine and | determined by Enzyme Leach®™ and Bio To ) 05 1 01 001
Leach™ are of particular interest since halogens can mi- Te 0.02 ; 10 1 1
grate relatively easily through thick overburden and cover Th 0.1 - 05 0.1 0.02
rock and may bepathfindersfor deeply buried, metallic and Ti 10 - 3 100 -
hydrocarbon deposits. Kendrick et al. (2001) discuss the Tl 0.02 - 05 0.1 0.2
implication of Br:Cl and 1:Cl ratios in fluid inclusions to w o1 os 1 o oo
identifying the source of Cu-porphyry mineralizing fluids. v , ) - 1 1
Williamsand Gunn (2002) specul atethat the presenceof el- W 02 1 1 1 0.01
evated halogens in Enzyme Leach®™ solutions from soil Y - - 5 05 002
samples collected over Au deposits may reflect the pres- Yb - 0.5 1 0.1 0.02
ence of oxidation haloesover deeply buried epithermal Au Zn 0.1 50 20 10 2
mineralization. Dunn et al. (2007) studied the variation of o - - 5 1 05
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F, Cl, Br and | in soil and vegetation over three mineral
propertiesin central BC. At the Mount Polley porphyry Cu
mine, they found that | wasthe most effective halogen path-
finder for theconcea ed Cu-Aumineralization. Theauthors
concluded that while further research into methods for
halogen analysis in geochemical samples was needed,
these elements proved effective tracers for buried
mineralization. They also concluded that the halogen
signatures varied depending on the style of the
mineralization.

Tables 2, 3, 4 and 5 show the mean, median, 95th per-
centile and maximum value sta-
tistics calculated from Au, Ag,
Cu and Co soil geochemical data
for Mouse Mountain and Shiko
Lake. These elements are se-

trast in both areasisgreater than MMI Ag contrast and | CP-
MS Ag contrast (Table 3). Cobalt soil chemistry issimilar
to Cuinthat the highest valuesare in the C-horizon and the
lowest in the F-H—horizon. Cobalt contrast is similar in
both areas for all methods.

A two-samplet-test can beapplied to determineif there
isadtatistical difference at the 0.05 significance level be-
tween population means. Population means were deter-
mined for samples representing the major soil horizons;
samples were analyzed by agua regia digestion—CP-MS
and INAA. An analysis of variance (F-test) is applied

Table 2. Mean, median, 95" percentile, maximum values for Au determined by several different
analytical methods (aqua regia digestion followed by inductivelkﬂl coupled plasma-mass spec-
trometry [ICP-MS], Mobile Metal lon*" [MMI], Enzyme Leach®
have been calculated from the analyses of 27 Mouse Mountain and 29 Shiko Lake samples.

and Bio Leach®"). Statistics

lected because they are among

common geochemical path- Mouse Mountain Shiko Lake
finders for Cu-Au porphyry min- Soil o, Cheyme Bio ., Chayme Bio
eralization. The geochemical Horizon ICP-MS MMI Leach Leach ICP-MS MMI Leach Leach
datafor each areais divided into A Au Au A Al Au Au Al
subsets representing F-H—, upper (ppb) (Ppb)  (pPP)  (PPb) (ppb) (PPb)  (PPP)  (pPb)
B-, lower B- and C-horizons. F-H Mean 63 - - - 50 - - -
There are no MMI, Enzyme F-H Median 03 - - - 03 - - -
Leach™ and Bio Leach™ statiss ~ FH  95%ile 87 - - - 08 - - -
tics for the F-H—and C-horizons ~ F-H Max 1170 - - - 1430 - - -
because these selective extrac- Upper B Mean 1.8 - 0.03 0.03 13.3 - 0.03 0.07
: . ] Upper B Median 1.1 - 0.03 0.03 2.9 0.03 0.03
tions were only applied to the B Upper B 95%ile 46 - 0.09 0.03 49.0 0.06 0.20
horizon. Mean and percentileval- Uober B M 129 010 0.05 138.7 014 0.48
ed thatalmostall of theel- [ 2heT o o . ' ' o 1 ' '
uesrev : . . Lower B Mean 35 02 0.04 0.03 240  1.60 0.03 0.08
ements are higher in the Shiko | owerB Median 20 02 003 003 36 060 003 003
L ake datasubset comparedtothe  Lower B 95%ile 13.3 0.6 0.10 0.03 1286  3.26 0.05 0.21
Mouse Mountain data subset and Lower B Max 24.0 0.7 0.13 0.03 239.1  20.10 0.10 0.27
they are all higher in the C- c Mean 31 - - - 335 - - -
horizon. For example, the mean c Median 26 - - - 59 - - -
and 95th percentile Cu valuesat € 95%ile 57 - - - 662 - - -
Shiko Lake increase fromthe F- € Max 68 - - - 2835 - : -
c Number  21.0 - - - 320 - - -

H-horizonthrough theupper B to

the lower B to reach a maximum
in the C-horizon (Table 4). Geo-
chemical anomaly contrast (the
ratio of the maximum element
valueto the 95th percentilevalue)
for elements measured in selec-

Table 3. Mean, median, 95" percentile, maximum values for Ag determined by several different
analytical methods (aqua regia digestion followed by inductivelkﬁl coupled plasma-mass spec-
trometry [ICP-MS], Mobile Metal lon*™ [MMI], Enzyme Leach®" and Bio Leach®™). Statistics
have been calculated from the analyses of 27 Mouse Mountain and 29 Shiko Lake samples.

tive extractions is generally

greater than the contrast for ele- Mouse Mountain : Shiko Lake :
ments determined by aqua regia Soil ., Chayme  Bio o, Cheyme Bio
digestion—-ICP-MS. However, Horizon 'C':MS MZ’” Leich Leich 'C':MS MZ/“ Leich Le"fh
contrast iselement dependent and g g Y Y g g g g
extraction dependen?.) For exam- (ppb)  (ppb)  (ppb)  (ppb) (ppb) (ppb)  (ppb)  (ppb)
ple, theMMI Au contrastin Shiko F-H Mean 234.0 - - 305 -

Lake soil samples is 6 as com- F-H Median 187 - - 205 -

pared to 1.3 for Bio Leach™ Au ~ FH  95%ile 498 - - 855 -

whereastheBio Leach™ Cucon-  FH  Max 665 - - 1200 - - -
ot i3 13 conparcd o 5 for  Umrt e 12 ST R S S
MMI Cu (Tables 2, 4). One wet- Upper B 95%ile 271 0.10 0.10 388 - 0.1 0.1
land samplefrom ShikoLakehas 0015 ax 578 - 0.10 0.60 700 - 0.1 0.1
been excluded fromthestatistical | owers Mean 68 163 010 0.2 174 326 01 01
analysisbecausethehighCuand  LowerB Median 68  13.0 0.10 0.10 128 280 0.1 0.1
Co contents in the organic-rich Lower B 95%ile 132 310 0.10 0.21 461 686 0.1 0.3
material are not typical of the Lower B Max 171 41.0 0.10 0.40 696  74.0 0.1 1.0
well-drained soil chemistry. Un- € Mean 68 - - - 12 - - -
likeAu, AgishighestintheF-H-  C Median 53 - - 8 -

horizon and generally decreases € 95%ile 155 - - 212 - - -
with depththroughtheB- intothe & o ] ] o ] -
C-horizon. Bio Leach®™ Ag con-
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Table 4. Mean, median, 95" percentile, maximum values for Cu determined by several different
analytical methods (aqua regia digestion followed by inductiveIM coupled plasma-mass spec-

and Bio Leach®"). Statistics
have been calculated from the analyses of 27 Mouse Mountain and 29 Shiko Lake samples.

trometry [ICP-MS], Mobile Metal lon*™ [MMI], Enzyme Leach®

Au, in the F-H-horizon tested
against the upper B-horizon.
Thereisno significant difference
for upper B-horizon elements

comparedtolower B-horizon ele-

Mouse Mountain : Shiko Lake : ments, except for Ag and Zn at
Soil o, Cheyme Bio o 'oyme  Bio - Mouse Mountain. However,
Horizon ICI::—MS ML\:/II Leié:h Leaclg:h ICI::—MS M:\:/II Lezzl:ch Lei;:h lower B-horizon elements com-
u u u u u u u u H
(om) (ob) (pb)  (Gpb)  (epb) (bb) (ob)  (ph) b et ne o o T
F-H Mean 126 - - - 327 - - - and V are significantly different
F-H Median 109 - - - 138 - - - for Mouse M ountain samplesand
F-H 95%ile 244 - - - 168.7 - - - Ag, As,Mn, Pband Zn are signif-
F-H Max 297 - y - 2120 - - y icantly different for Shiko Lake
Upper B Mean 261 - 238 3410 1246 - 740  593.7 samples. The between-horizon
Upper B Median 23.6 - 23.0 348.0 49.6 28.5 426.0 element differences for Mouse
Upper B 95%ile 345 - 410  565.0 3293 2498 11358 . .
Upper B Max 923 - 410 6800 13272 - o880 27800  Mountain compared to Shiko
Lower B Mean 275 3777 309 4149 1050 11420 460 7480  Lakemostlikely reflect thevary-
Lower B Median 270 3850 280 4450 573 6600 250 5240  ing effect of local topography,
Lower B 95%ile 39.9 5475 526  569.6 2800 13330 1760 2220 drainage and climate on soil
Lower B Max 495 7500 61.0  595.0 483.0 6070.0 2050 2830.0 chemistry. For example, Rose et
C Mean 488 - - - 1751 - - - al. (1979) show that thedepthto a
c Median 404 - - - 84.4 - Cu-enriched B-horizon soil on
c 95%ile 89.9 - - - 631.1 - the slope of a hill is greater than
c Max 1235 - - - 1096.4 -

that on a ridge crest due to in-

Table 5. Mean, median, 95" percentile, maximum values for Co determined by several different
analytical methods (aqua regia digestion followed by inductively coupled plasma-mass spec-
trometry [ICP-MS], Mobile Metal lon®™ [MMI], Enzyme Leach®" and Bio Leach®"). Statistics have
been calculated from the analyses of 27 Mouse Mountain and 29 Shiko Lake samples.

creased soil development on the
hillside.

A t-test also determined if
thereweresignificant differences
in the population means of Au,
As, Br, Cu, I, Mo, Mn, Pb, V and

Mouse Mountain Shiko Lake Znextracted by Enzyme L each™
. Enzyme  Bio Enzyme  Bio and Bio Leach™ from upper B-
Soil SM SM SM SM SM SM 1 1

Horizon ICP-MS MMI®™™ Leach®™ Leach ICP-MS MMI®" Leach®™ Leach horizon soils compared to lower
Co Co Co Co Co Co Co Co B-horizon soils in both areas
(ppm)  (ppb)  (ppb)  (ppb) (ppb)  (ppb)  (ppb)  (ppb) (Figure 5). For the elements 9&‘
FH  Mean 39 - - . 53 - - terlmlneq by E_rf1;ymt|e L de.?fCh ;
F-H Median 32 - - - 37 - - only Zn is significantly different
F-H 95%ile 102 - . 134 - - for the upper B- and lower B-
F-H Max 112 - - - 138 - - - horizon soil samples from Shiko
Upper B Mean 9.1 19.4 69.1 180 - 41.0 735 Lake but for the elements deter-
Upper B Median 89 - 13.0 65.9 157 - 285 49.2 mined by Bio Leach™ thereisa
Upper B 95%ile 117 - 46 113 255 - 68 171.4 significant difference for Mn, Br
Upper B Max 243 - 47 126 778 - 276 291 and | at Shiko Lake and Zn at
rower s ean g'g 52'3 2(13'1 24'2 17'2 7;-4 gg-g 25-2 both sites. Figure 6 summarizes
Lower B Median 6 435 165 rr s 495 : L the results of the t-test for ele-
Lower B 95%ile 111 158.2 426 1297 27.4 1502 83.4 218 ments extracted by MM com-

Lower B Max 11.9 179 51 155 331 175 93 245 y .
c Mean 116 - B . 196 - ) ) pared é& those extracted by Bio
c Median 112 - - 155 - . - Leach™ from lower B-horizon
C 95%ile 184 - - 409 - - - soil samples. The figure shows
c Max 20 - - 635 - - - that As, Ba and Mo are signifi-

beforethet-test to determineif thedatafor each horizon has
an equal or unequal variance. Once thisis determined, the
appropriatet-testisused totest the null hypothesis(Ho) that
there is no significant difference between sample means
(Davis, 1973). Figure 5 summarizesthe results of thet-test
appliedtoelement (Au, Ag, As, Br, Co, Cu, Cr, Hg, Fe, Mn,
Mo, Ni, Pb, V, Zn) datafor the F-H-horizon comparedto el-
ement datafor the upper B-horizon; element datafor theup-
per B-horizon compared to element data for the lower B-
horizon; and element data for the lower B-horizon com-
pared to the element data for the C-horizon. In both areas,
there is a significant difference (at the 0.05 significance
level) between popul ation meansfor most elements, except
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cantly different at Mouse Moun-
tain and Au, Ba and Pb signifi-
cantly different at Shiko Lake.

At the Shiko Lake property, several traverseswere un-
dertaken by Lett and Sandwith (2008) and Petsel (2006)
with soil and soil-overburden samples taken at numerous
sites (Figure 7). The bedrock geology at Shiko Lake con-
sists of an early Jurassic intrusive complex emplaced in
hornfelsed metasedimentary rocks, volcaniclastic rocks
and massive plagioclase-pyroxene basalt. The intrusive
stock consists of an older biotite-pyroxene monzodiorite
phase and younger potassium-feldspar syenite and alkali-
feldspar syenite phases. Near the centre of the stock is
medium- to coarse-grained monzonite containing traces of
magnetite and sphene. Pyrite and fine-grained, pink,
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ICP-MS and INAA

Soil horizon

Mouse Mountain Au Ag As Br* Co Cu Cr* Hg Fe*Mn Mo Ni Pb V Zn
F-H - upper B

Upper B — lower B

LowerB-C

Shiko Lake Au Ag As Br* Co Cu Cr* Hg Fe*Mn Mo Ni Pb V Zn
F-H — upper B

Upper B — lower B

LowerB - C ] e | | |

Note: * - results from INAA

Enzyme Leach®™

Mouse Mountain Au V As Mo Cu Zn Pb Mn Br | |
UpperB-lowerB | | | | | | [ T [ | |

Shiko Lake Au V As Mo Cu Zn Pb Mn Br |
UpperB—lowerB8 [ [T [ [ I

Bio Leach®™
Mouse Mountain As Co Cu MnMo Ni Pb V Zn Br |
UpperB —lower8 [ I I T T

Shiko Lake As Co CuMnMo Ni Pb V Zn Br |
Upper B — lower B [ I

Figure 5. Summary of a t-test for the population means of selected
elements measured by aqua regia digestion followed by induc-
tively coupled plasma-mass spectrometry (ICP-MS) and instru-
mental neutron activation analysis (INAA). Comparisons were
made between the F-H-horizon and the upper B-horizon, the up-
per B- and lower B-horizon and the lower B-horizon and the C-
horizon. Also shown are results of a t-test for elements measured
by Enzyme Leach®™ and Bio Leach®" analysis. Comparisons were
made between the upper B-horizon and the lower B-horizon for the
two areas. A red square indicates a significant difference at the
0.05 significance level between the means. A blue square indi-
cates no difference. Ablank square indicates that there were insuf-
ficient values above detection limits for a test to be applied.

Mobile Metal lon® and Bio Leach™

Mouse Mountain Au As Ba Co Cu Mo Ni_ Pb Zn
Lower B-horizon

Shiko Lake
Lower B-horizon

Au As Ba Co Cu Mo Ni Pb Zn

Figure 6. Summary of a t-test for the population means of selected
elements in the lower B-horizon. Two different analyses were com-
pared: Mobile Metal lon*™ (MMI) and Bio Leach®". Ared square in-
dicates a difference at the 0.05 significance level between the
means. A blue square indicates no difference. A blank square indi-
cates that there were insufficient values above detection limits for a
test to be applied.

guartz-syeniteveinsand dikesintrude the monzonite form-
ing an intrusive breccia. Chalcopyrite occursin the matrix
of the breccia with bornite and gold in veins or as coarse
disseminations, mainly in the youngest quartz syenite. Per-
vasive, fracture-controlled, potassium alteration and epi-
dote alteration of the vol caniclastic rocksisassociated with
the Cu mineralization. Potassium and epidote alteration is
cut by late-stage, calcite-filled veinlets (Logan and
Mihalynuk, 2005). Bedrock islargely covered by sandy till
deposited by a northwest ice advance. On the steeper
slopes, thetill has been mobilized and reworked into collu-
vium. Humo-ferric podzolic and brunisolic soils have de-
veloped on the better drained, sandy till whereas organic
and gleysolic soils are common in poorly drained depres-
sions.
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Figure 7. The main mineral zones of the Shiko Lake property (after
Petsel, 2006) with soil-overburden sampling sites (Petsel, 2006)
and soil profile sites (Lett and Sandwith, 2008).

At Shiko Lake, samples were collected at the sites
along al km traverselocated west of the North Zone (Fig-
ure7). Profileswere created by combining the soil analyses
from sites P65 to P70, sampled by Lett and Sandwith
(2008), with datareported by Petsel (2006). Petsel submit-
ted overburden samples for fire assay, atomic absorption
and aquaregiadigestionfollowed by | CP-ESanalyses. Fig-
ure 8a shows the results for Cu concentrations determined
by agua regia digestion-ICP-MS. There is a marked Cu
anomaly in the C-horizon, it occurs over an interval of
400 m between P65 to P68 reaching a peak value of
405 ppm Cu. The Cuanomaly contrast isgreatest for the C-
horizon and least for the F-H-horizon. The Cu peak in the
C-horizon also has a distinctive asymmetric shape with a
steep south-facing slope and a gentler north-facing slope.
The Cu profile in the C-horizon has a similar shape and
anomasl&l contrast to the MMI, Enzyme Leach® and Bio
Leach Cu profllesfrom thelower B-horizon (Figure 8b).
BioLeach™'| and Br profiles (Figure 8c) resemble Cu pro-
files although values for P68 are missing so the sharp peak
isabsent and the contrast is smaller than the contrast for Cu
inthe C-horizon. Thehalog SNPeaklsd|splaced tothenorth
of the MMI, Enzyme Leach® and Bio Leach™ peaks.

Samples from the same traverse were analyzed for Au
by aquaregiadigestion—| CP-MS. The Au profilefor the C-
horizon (Figure 9a) reveals an anomaly resembling the Cu
profile for the C-horizon (Figure 8a) but with a more sym-
metrical shape. Again, the Au contrast in the C-horizon is
larger than the Au contrast in the B-horizon (no Auwas de-
tected in the F-H-horizon soil samples). The larger Au
anomaly contrast in the C-horizon may, in part, reflect a
higher Au content in the <0.063 mm fraction of the sample
compared to the <0.18 mm fraction of the B-horizon soil
sample due to less dilution by sand-sized material. Also
shown in Figure 9a are the total number of Au grains and
pristine Au grains found in the heavy mineral concentrates
from the C-horizon samples from sites P65 to P70. A
nearby bedrock sourcefor the Cu-Au mineralization would
explain the high number of pristine (unweathered) Au
grains along with a geochemical Au anomaly in the
<0.063 mm fraction of the C-horizon. Figure 9b showsthat
for theMMI analysisthereisahigh contrast Auanomaly in
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Figure 8. Copper profiles along a traverse west of the North Zone,
Shiko Lake: a) aqua regia digestion followed by inductively
coupled plasma-mass spectrometry (ICP-MS) analysis for Cu |n
the F-H—, upper B-, lower B- and C-horizons; b) Mobile Metal lonM
(MMI), Enzyme Leach™ and Bio Leach®™ analyses for Cu in the
lower B-horizon; ¢) Bio Leach®™ analysis for Brand | in the upper B-
and lower B-horizons.

the lower B-horizon with a peak at P66 but thereis almost
no correspondmg mcrease in Au in either the Enzyme
Leach™ or Bio Leach™ analyses over the same interval.

The large MMI Au anomaly at P66 corresponds to the C-
horizon sample with the greatest number of total and pris-
tine Au grains counted in a heavy mineral concentrate. A
smaller MMI Au peak at P69 has a corresponding total and
pristine Au grain anomaly but only background levels of
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Figure 9. Gold profiles along a traverse west of the North Zone,
Shiko Lake: a) aqua regia digestion followed by inductively cou-
pled plasma-mass spectrometry (ICP-MS) analysis for Au in the
F-H-, upper B-, lower B and C- horlzons b) Mobile Metal lon®"
(MMI), Enzyme Leach®™ and Bio Leach®™ analyses for Au in the
lower B-horizon.

Auinthe<0.063 mmfraction of the C-horizon sample. Fig-
ure 10a shows that the concentration of Co in the soil,
determined by agqua regia digestion—-ICP-MS, is similar to
Cu athough the C-horizon Co contrast is smaller and the
anomaly shape more symmetrical between P68 and P70
than for Cu in the C-horizon. Selective extraction proflles
(Figure 10b) show that the MMI Co and Bio Leach®™ Co
anomaly peaks at P68 are displaced to the south of the C-
horizon Co S|El)eak. The MMI Co contrast is smaller than the
Bio Leach™" Co contrast athough the anomalies have a
similar pattern.

The characteristic down-ice asymmetric shape of the
C-horizon Cuanomaly, theabundance of pristine Augrains
inthe heavy mineral concentrate, Br and | patterns, and the
MMI Au contrast suggest a Cu-Au mineral source nearby
totheanomaly peak. Althoughiceflowed from southeast to
northwest regionally, thelocal iceflow could have been de-
flected by theridge between the North and Quarry zonesso
that till may have been deposited by a more north to south
ice flow. The source of mineralized rock detected by the
geochemistry could therefore be close to the contact be-
tween intrusive and vol caniclastic rocks (i.e., near P68 and
P69). A nearby diamond-drill hole (SH91-18) intersected
fine-grained, moderately hornfelsed siltstone with >5%
disseminated pyrite. The drill log records an overburden
thickness of 4.6 m (Petsel, 2006).
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Figure 10. Cobalt profiles along a traverse west of the North Zone,
Shiko Lake: a) aqua regia digestion followed by inductively cou-
pled plasma-mass spectrometry (ICP-MS) analysis for Co in the
F-H-, upper B-, lower B- and C-horizons; b) Mobile Metal lon®"
(MMI), Enzyme Leach®™ and Bio Leach® analyses for Co in the
lower B-horizon.

A second traverse at Shiko Lake extends more than
500 m across the North East mineralized zone. Figure 11a
shows Cu concentrations in the F-H—, upper B-, lower B-
and C-horizons using data from L ett and Sandwith (2008)
combined with the soil-overburden geochemistry reported
by Petsel (2006). Copper values were determined by agua
regiadigestion—| CP-M S analysis and the pattern is similar
to the pattern along the North Zone traverse (Figures 8a,
114). The Cu in the C-horizon shows the greatest anomaly
contrast compared to other horizons and there is an asym-
metric Cu peak at P60. Bio Leach™ Cu contrast is greater
thantheMM!| Cu contrast and Enzyme L each®™ Cu contrast
at P60, but there is a secondary MMI Cu anomaly at P56
(Figure11b). Thehighest Bio Leach® Brand | values (Fig-
ure 11c) occur in the lower B-horizon at P62 suggesting a
possible bedrock source for the Cuand Au. The Au pattern
in the C-horizon is similar to Cu and there is a sharp Au
peak at P60, which isalso the site of the greatest number of
total and pristine Au grainsin the C-horizon heavy mineral
concentrate (Figure 12a). A second Au peak at P56 in the
lower B-horizon but not the C-horizon hasacorresponding
marked MMI geochemical anomaly (Figure 12b). The
asymmetric shape of the Au and Cu peaks suggests the
sourceto be mineralized material intill, which hasbeen de-
posited by ice flowing from north to south. Since thisis at
variance to the regional ice-flow direction, a likely
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Figure 11. Copper profiles along a traverse across the North East
Zone, Shiko Lake: a) aqua regia digestion followed by inductively
coupled plasma-mass spectrometry (ICP-MS) analysis for Cu in
the F-H—, upper B-, lower B- and C-horizons; b) Mobile Metal lon®™
(MMI), Enzyme Leach®" and Bio Leach®" analyses for Cu in the
lower B-horizon; ¢) Bio Leach®" analysis for Br and | in the upper B-
and lower B-horizons.

explanationisthat thereare several sourcesof Aushown by
the multiple peaks along the profile.

CONCLUSIONS

e Regional geochemical survey and regional till survey
databases have been updated with new information in-
cluding spatial links of sample locations to bedrock

geology.
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e Aqua regia digestion—ICP-MS analyses of soil sam-
ples from traverses over the Mouse Mountain and
Shiko Lake porphyry Cu-Au mineral deposits show
that Cu and Au anomaly contrast is greater for the C-
horizon compared to the F-H— and B-horizons.

e At Shiko Lake, the asymmetric shape of the Cu anom-
aly inthe C-horizon soil and the large number of pris-
tine Au grainsin the C-horizon heavy mineral concen-
trates suggest a nearby mineral source for the soil
anomalies. However, local ice-flow direction may be
different from the regional direction due to deflection
by local bedrock topography and hence the azimuth
vector from the bedrock source cannot be determined
precisely.

e Thereisvery little variation i intl the element anomalies
determined by Enzyme Leach™ compared to anoma-
lies determined by other methods. Bio Leach™ analy-
sisrevealed higher contrast Cu and Co anomaliesthan
the anomalies from MMI analysis. However, for Au
the MMI has higher anomaly contrast than the other
selective extractions.

e In general, Bio Leach®™ Br and | show similar geo-
chemical patterns to metals although the anomaly
peaks appear displaced from the metal peaks.
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