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INTRODUCTION

Geo chem is try tra di tion ally plays a sig nif i cant role in
Brit ish Co lum bia min eral ex plo ra tion and in the past has
been re spon si ble for the dis cov ery of sev eral eco nom i cally
vi a ble de pos its. Drain age sed i ment, soil and rock sur veys
were among the geo chem i cal tech niques first used by min -
ing com pa nies and later by gov ern ment agen cies. Re search
by the Gov ern ment of Can ada and the need to iden tify new
stra te gic min eral re sources en cour aged the fed eral and pro -
vin cial gov ern ments to start a re gional geo chem i cal sur vey
(RGS) over BC in 1976. This sur vey was a part of a Na -
tional Geo chem i cal Re con nais sance (NGR) pro gram that
now cov ers much of Can ada. Re gional stream sed i ment
sur veys were sub se quently un der taken by the BC Geo log i -
cal Sur vey (BCGS) and most re cently by Geoscience BC,
an agency that has also car ried out an am bi tious pro gram of
reanalyzing ar chived drain age sam ples for new el e ments
with aqua regia di ges tion fol lowed by in duc tively cou pled
plasma-mass spec trom e try (ICP-MS) and in stru men tal
neu tron ac ti va tion anal y sis (Jackaman, 2008). BCGS geo -
chem is try pro jects have changed in scope over time from
the man age ment of large re gional data col lec tions to more
fo cus on re search aimed at im prov ing geo chem i cal pros -
pect ing meth ods for min er als. In ad di tion to re search, there
has also been an em pha sis on up dat ing geo chem i cal da ta -
bases with re sults from new sur veys to make da ta bases con -
tin u ously use ful to the min ing com mu nity. This pa per re -
ports on geo chem i cal re search ac tiv i ties and re lated pro ject
work that has been car ried out in the past year.

GEOCHEMICAL DATABASES

Regional Geochemical Survey Database

An at las of con toured maps show ing the spa tial vari a -
tion of As, Au, Cu, Co, Fe, Mn, Mo, Ni, Pb, U and Zn in
stream sed i ment, lake sed i ment and moss-mat sed i ments
was re leased in 2008 by Lett et al. (2008). The el e ment val -
ues used to cre ate the maps were cap tured from a
Microsoft® Ac cess da ta base that con tains lo ca tion co-or -
di nates, field re cords and anal y ses for over 56 000 stream
sed i ment, lake sed i ment and moss-mat sed i ment sam ples
col lected at an av er age den sity of one sam ple per 13 km2.
Up dates of in for ma tion from more de tailed drain age and

Geoscience BC re gional sur veys have pro duced a ver sion
of the da ta base con tain ing re cords for 59 633 sam ple sites.
Stream sed i ment, lake sed i ment and moss-mat sed i ment
sam ple cov er age is shown on Fig ure 1. Ge ol ogy codes are
in cluded in the most re cent da ta base by link ing sam ple sites 
to the geo log i cal poly gons of the BC dig i tal ge ol ogy map
pub lished by Massey et al. (2005). One ad van tage of in -
clud ing strati graphic and rock-type codes for each sam ple
in the da ta base is that the el e ment data can be eas ily used for 
cal cu lat ing drain age sed i ment thresh olds that more re al is ti -
cally re flect bed rock ge ol ogy. An other tool for re fin ing the
in ter pre ta tion of drain age sed i ment geo chem is try is a dig i -
tal catch ment ba sin at las, like the one cre ated by Cui et al.
(2009) for drain age sed i ment sur vey sites on Van cou ver Is -
land. The at las has re vived an ear lier BCGS pro ject by
Sibbick (1994) who re cal cu lated geo chem i cal thresh olds
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 Geo log i cal Sur vey of
Can ada (GSC) have an a lyzed over 5000 drift sam ples col -
lected across the prov ince. Much of these geo chem i cal data
are avail able to the pub lic in dig i tal form. Ferbey (2008)
sum ma rized the spa tial cov er age of BCGS drift pros pect -
ing sur veys and Jackaman (2007) com piled BCGS and
GSC till geo chem i cal sur vey data for parts of the BC in te -
rior af fected by the moun tain pine bee tle in fes ta tion. Lett
(2008) cre ated a da ta base of com bined BCGS and GSC
drift geo chem i cal data from cen tral BC and Van cou ver Is -
land with pre vi ously un pub lished anal y ses of till sam ples
col lected around Mount Milligan (MINFILE 093N 191;
MINFILE, 2008). Fig ure 2 shows the dis tri bu tion of till
sam ple sites and the out lines of the geo chem i cal sur vey ar -
eas. The an a lyt i cal meth ods used to pro duce the till sam ple
data are in stru men tal neu tron ac ti va tion anal y sis (INAA),
aqua regia di ges tion fol lowed by in duc tively cou pled
plasma-emis sion spec tros copy (ICP-ES), ICP-ES with
lith ium metaborate fu sion and loss on ig ni tion (LOI). Not
all of the sam ples have been an a lyzed by these four tech -
niques. In the da ta base, the till sam ples have been clas si fied 
by bed rock ge ol ogy at the sam ple site based on pub lished
BCGS ge ol ogy maps (Massey et al., 2005) and also by
surficial sed i ment type (e.g., lodg ment till, melt-out till,
colluvium) from the descriptions in the source publication
for the geochemical data.

SPANISH MOUNTAIN PROJECT

A geo chem i cal study of the Span ish Moun tain Au-
deposit rock was ini ti ated in 2008 as a Uni ver sity of Vic to -
ria un der grad u ate the sis pro ject (Fig ure 3). Gold min er al -
iza tion at Span ish Moun tain is un usual for BC in that the Au 
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This pub li ca tion is also avail able, free of charge, as col our
dig i tal files in Adobe Ac ro bat® PDF for mat from the BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
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Fig ure 1. Re gional Geo chem i cal Sur vey stream sed i ment, lake sed i ment and moss-mat sed i ment sites in
Brit ish Co lum bia.

Fig ure 2. Out line of till pros pect ing sur vey ar eas (from Ferbey, 2008) and lo ca tion of re gional till sam ple
sites, Brit ish Columbia. Ab bre vi a tions: GSC, Geo log i cal Sur vey of Can ada; MEMPR, Min is try of En ergy,
Mines and Pe tro leum Re sources.



is most closely as so ci ated with a black argillite unit within a 
metasedimentary fa cies of the Quesnel Terrane. The de -
posit may be orogenic or sed i men tary-hosted Au based on a 
com par i son to sim i lar de pos its in China, the United States
and Rus sia (Large et al., 2007). At Span ish Moun tain, there
is ex ten sive Fe-Mg car bon ate and serecite al ter ation, vary -
ing Zn, Cu, Sb, Pb, As and Mg con cen tra tions in the bed -
rock that is as so ci ated with the Au min er al iza tion. Among
ques tions that still re main un an swered are the re la tion ship
be tween the car bon ate al ter ation and the Au min er al iza -
tion. Dur ing the sum mer of 2008, bed rock and di a mond-
drillcore sam ples were col lected for op ti cal pe trog ra phy,
min eral iden ti fi ca tion by x-ray dif frac tion, ma jor ox ide,
mi nor and trace-el e ment anal y sis and la ser ab la tion anal y -
sis. The geo chem i cal anal y sis is largely com plete and thin
sections have been examined. Project details are
documented in Paterson, Lett and Telmer (2009).

SOIL GEOCHEMICAL ORIENTATION
STUDIES

Background

Pre lim i nary re sults of de tailed geo chem i cal ori en ta -
tion sur veys car ried out over the Mouse Moun tain and
Shiko Lake min eral oc cur rences as well as the Soda Creek
area were re ported by Lett and Sandwith (2008; Fig ure 3).
The sur veys were car ried out to es tab lish the op ti mum soil
sam pling and an a lyt i cal tech niques to de tect por phyry Cu-
Au min er al iza tion that is com monly cov ered by gla cially
trans ported over bur den. Sam ples from the ma jor soil ho ri -
zons (F-H, B, C) were taken from ver ti cal pro files along

tra verses cross ing each area. The sam ples were an a lyzed
for el e ments by sev eral com mer cial se lec tive ex trac tion
meth ods to de ter mine which com bi na tion of soil ho ri zon
and an a lyt i cal method would give the great est anom aly
con trast (sig nal to noise ra tio) for ore in di ca tor and path -
finder el e ments. Sam ples for prep a ra tion and anal y sis were
taken from the de com posed hu mus (F-H) ho ri zon just be -
neath the sur face veg e ta tion lit ter; the up per B-ho ri zon soil
just un der the eluviated (Ae) ho ri zon (where vis i ble); the
lower B-ho ri zon soil close to the tran si tion from the B- to
C-ho ri zon soil; and from the C-ho ri zon soil. The C-ho ri zon
soil is gla cial sed i ment that is most com monly a till. An ad -
di tional sam ple at each pro file was col lected at a depth of
20–25 cm, in de pend ent of the ho ri zon, for Mo bile Metal
IonSM (MMI) analysis. A typical soil profile is shown in
Figure 4.

The meth ods used to study the soil geo chem is try have
been pre vi ously de scribed by Lett and Sandwith (2008).
Here is a brief sum mary of each an a lyt i cal method:

· Aqua regia di ges tion fol lowed by ICP-MS anal y sis of
the <0.18 mm frac tion of the B-ho ri zon soil sam ple and 
the <0.063 mm frac tion of the C-ho ri zon soil sam ple
for 37 el e ments, in clud ing Au and Cu, at Acme An a lyt -
i cal Lab o ra to ries Ltd. (Van cou ver, BC). F-H–ho ri zon
soil sam ples were milled be fore ICP-MS anal y sis.

· INAA of the <0.18 mm frac tion of the B-ho ri zon soil
sam ple and the <0.063 mm frac tion of the C-ho ri zon
soil sam ple for 33 el e ments, in clud ing Au, at Ac ti va -
tion Lab o ra to ries Ltd. (Ancaster, ON).

· En zyme LeachSM and Bio LeachSM anal y sis of the
<0.18 mm frac tion of the B-ho ri zon soil sam ple for el e -
ments in clud ing Br and I. Bio LeachSM is a pro pri etary
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Fig ure 3. The lo ca tion of the Span ish Moun tain pro ject area and geo chem i cal ori en ta tion sur -
vey ar eas.

F-H–horizon
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Fig ure 4. A typ i cal soil pro file from
Mouse Moun tain, Brit ish Co lum -
bia, with the ho ri zons iden ti fied.



se lec tive ex trac tion de vel oped by Ac ti va tion Lab o ra -
to ries Ltd. that uti lizes bac te rial de com po si tion of min -
eral sulphides. The bac te ria cell mem branes rup ture
when or gan isms die leav ing a di ag nos tic or ganic and
in or ganic geo chem i cal sig na ture. Bio LeachSM dis -
solves the dead bac te rial rem nants in the sur face soils
and de tects the geo chem i cal sig na ture of the sul phide
min er als (E. Hoffman, pers comm, 2008).

· Soil Gas Hy dro car bonsSM (SGH) anal y sis for C5–C17
or ganic com pounds that have been ab sorbed on B-
horizon soil sam ples (Ac ti va tion Lab o ra to ries Ltd.).

· MMI anal y sis, a method de scribed by Mann et al.
(1998), of soil sam ples for met als in clud ing Cu, Pb,
Zn, Ni, Cd, Au, Ag and Co with a pro pri etary se lec tive
ex trac tion (SGS Min er als Ser vices lab o ra tory, To -
ronto, ON).

· Loss on ig ni tion (LOI) at 500oC of the <0.18 mm frac -
tion of the B-ho ri zon soil sam ples at Acme An a lyt i cal
Lab o ra to ries Ltd.

· Min eral grain iden ti fi ca tion, Au grain shape (re -
shaped, mod i fied, pris tine) and the num ber of Au
grains in heavy min eral con cen trates (spe cific grav ity
>3.3) re cov ered from C-ho ri zon soil sam ples at Over -
bur den Drill ing Man age ment (Nepean, ON).

Summary of Results

Lett and Sandwith (2008) con cluded from an ex am i na -
tion of the geo chem i cal data gen er ated mainly by aqua
regia di ges tion–ICP-MS anal y sis of soil sam ples from the
three ori en ta tion sur vey ar eas that anom a lous Cu and Au
with Ag, V and Co in the C- and lower B-ho ri zon soil ap -
peared to be geo chem i cal pathfinders for por phyry Cu-Au
min er al iza tion. How ever, re sults sug gested that the geo -
chem is try of the shal low, up per B-ho ri zon soil is less re -
lated to the un der ly ing par ent till geo chem is try than the C-
ho ri zon soil is be cause of greater mod i fi ca tion by var i ous
soil-form ing and hydromorphic pro cesses. Much of the
geo chem i cal data that was un avail able last year has now
been as sem bled al low ing a more com plete anal y sis of the
in for ma tion but only the soil geo chem i cal and Au min eral
data from the Mouse Moun tain and Shiko Lake min eral
prop er ties will be re viewed in this pa per. A more de tailed
pro ject re port an a lyz ing all of the data will be published in
2009 as a BCGS GeoFile.

Sixty-three el e ments, loss on ig ni tion and soil pH have
been de ter mined by aqua regia di ges tion–ICP-MS, INAA,
MMI, En zyme LeachSM and Bio LeachSM. De tec tion lim its
for each el e ment by each method are sum ma rized in Ta -
ble 1. How ever, only Ag, As, Au, Ba, Co, Cr, La, Mo, Ni,
Sb, Sr, U and Zn have been mea sured by all of the meth ods
and in the case of Cu and Pb there are no INAA re sults. Bro -
mine and I de ter mined by En zyme LeachSM and Bio
LeachSM are of par tic u lar in ter est since halo gens can mi -
grate rel a tively eas ily through thick over bur den and cover
rock and may be pathfinders for deeply bur ied, me tal lic and 
hy dro car bon de pos its. Kendrick et al. (2001) dis cuss the
im pli ca tion of Br:Cl and I:Cl ra tios in fluid in clu sions to
iden ti fy ing the source of Cu-por phyry min er al iz ing flu ids.
Wil liams and Gunn (2002) spec u late that the pres ence of el -
e vated halo gens in En zyme LeachSM so lu tions from soil
sam ples col lected over Au de pos its may re flect the pres -
ence of ox i da tion ha loes over deeply bur ied epi ther mal Au
min er al iza tion. Dunn et al. (2007) stud ied the vari a tion of
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Ta ble 1. El e ments de ter mined by aqua regia di ges -
tion fol lowed by in duc tively cou pled plasma-mass
spec trom e try (ICP-MS) anal y sis, in stru men tal neu -
tron ac ti va tion anal y sis (INAA), En zyme LeachSM, Bio
LeachSM and Mo bile Metal IonSM (MMI) anal y ses with
in stru men tal de tec tion lim its. The - in di cates that an
el e ment was not de ter mined or that all val ues were
be low the in stru men tal de tec tion limit.

ICP-MS INAA MMISM

Enzyme 

LeachSM

Bio 

LeachSM

(ppm) (ppm) (ppb) (ppb) (ppb)

Ag 2 ppb 5 ppb 1 0.2 0.2
Al 100  - 1  -  -
As 0.1 0.5 10 1 0.5
Au 2 ppb 2 ppb 0.1 0.05 0.05
Ba 0.5 50 10 1 1
Be  -  -  - 2 0.07
Bi 0.02  - 1 0.8 0.1
Br  - 0.5  - 5 5
Ca 100 10000 10  -  - 
Cd 0.01  - 1 0.2 0.05
Ce  - 3 5 0.1 0.02
Cl  -  -  - 2  -
Co 0.1 1 5 1 0.1
Cr 0.5 5 100 20 2
Cs  - 1  - 0.1 0.01
Cu 0.01  - 10 3 0.5
Dy  -  - 1 0.1 0.01
Er  -  - 0.5 0.1 0.01
Eu  - 0.2 0.5 0.1 0.01
Fe 100 100 1  -  - 
Ga 0.2  -  - 1 0.1
Gd  -  - 1 0.1 0.03
Ge  -  -  - 0.5 0.05
Hf  - 1  - 0.1 0.04
Hg 5 ppb 1 ppb  - 1 0.05
Ho  -  -  - 0.1 0.01
I  -  -  - 2 1
In  -  -  - 0.1 0.1
La 0.5 0.5 1 0.1 0.01
Li  -  - 5 2 0.2
Lu  -  -  - 0.1 0.01
Mg 100  - 1  -  - 
Mn 1  -  - 1 0.1
Mo 0.01 1 5 1 2
Nb  -  - 0.5 1 0.2
Nd  - 5 1 0.1 0.03
Ni 0.1 20 5 3 0.2
Pb 0.01  - 10 1 0.1
Pr  -  - 1 0.1 0.01
Pt  -  - 1 1 0.5
Pd  -  - 1 1 0.5
Rb  - 15 5 1 0.1
Ru  -  -  - 1 0.05
Sb 0.02 0.1 1 0.1 0.2
Sc 0.1 0.1 5 100 0.5
Se 0.1 3  - 5 1
Sm  - 0.1 1 0.1 0.03
Sn  - 200 1 0.8  - 
Sr 0.5 50 10 1 0.1
Ta  - 0.5 1 0.1 0.01
Tb  - 0.5 1 0.1 0.01
Te 0.02  - 10 1 1
Th 0.1  - 0.5 0.1 0.02
Ti 10  - 3 100  - 
Tl 0.02  - 0.5 0.1 0.2

Tm  -  -  - 0.1 0.01
U 0.1 0.5 1 0.1 0.01
V 2  -  - 1 1
W 0.2 1 1 1 0.01
Y  -  - 5 0.5 0.02
Yb  - 0.5 1 0.1 0.02
Zn 0.1 50 20 10 2

Zr  -  - 5 1 0.5

Element



F, Cl, Br and I in soil and veg e ta tion over three min eral
prop er ties in cen tral BC. At the Mount Polley por phyry Cu
mine, they found that I was the most ef fec tive halo gen path -
finder for the con cealed Cu-Au min er al iza tion. The au thors 
con cluded that while fur ther re search into meth ods for
halo gen anal y sis in geo chem i cal sam ples was needed,
these el e ments proved ef fec tive trac ers for buried
mineralization. They also concluded that the halogen
signatures  var ied depending on the  s tyle  of  the
mineralization.

Ta bles 2, 3, 4 and 5 show the mean, me dian, 95th per -
cen tile and max i mum value sta -
tis tics cal cu lated from Au, Ag,
Cu and Co soil geo chem i cal data
for Mouse Moun tain and Shiko
Lake. These el e ments are se -
lected be cause they are among
com mon geo chem i  cal  path -
finders for Cu-Au por phyry min -
er al iza tion. The geo chem i cal
data for each area is di vided into
sub sets rep re sent ing F-H–, up per
B-, lower B- and C-ho ri zons.
There are no MMI, En zyme
LeachSM and Bio LeachSM sta tis -
tics for the F-H– and C-horizons
be cause these se lec tive ex trac -
tions were only ap plied to the B-
ho ri zon. Mean and per cen tile val -
ues re veal that al most all of the el -
e ments are higher in the Shiko
Lake data sub set com pared to the
Mouse Moun tain data sub set and
they are all higher in the C-
horizon. For ex am ple, the mean
and 95th per cen tile Cu val ues at
Shiko Lake in crease from the F-
H–ho ri zon through the up per B to 
the lower B to reach a max i mum
in the C-ho ri zon (Ta ble 4). Geo -
chem i cal anom aly con trast (the
ra tio of the max i mum el e ment
value to the 95th per cen tile value) 
for el e ments mea sured in se lec -
tive ex trac tions is gen er ally
greater than the con trast for el e -
ments de ter mined by aqua regia
di ges tion–ICP-MS. How ever,
con trast is el e ment de pend ent and 
ex trac tion de pend ent. For ex am -
ple, the MMI Au con trast in Shiko 
Lake soil sam ples is 6 as com -
pared to 1.3 for Bio LeachSM Au
whereas the Bio LeachSM Cu con -
trast is 13 as com pared to 5 for
MMI Cu (Ta bles 2, 4). One wet -
land sam ple from Shiko Lake has
been ex cluded from the sta tis ti cal
anal y sis be cause the high Cu and
Co con tents in the or ganic-rich
ma te rial are not typ i cal of the
well-drained soil chem is try. Un -
like Au, Ag is high est in the F-H–
ho ri zon and gen er ally de creases
with depth through the B- into the
C-ho ri zon. Bio LeachSM Ag con -

trast in both ar eas is greater than MMI Ag con trast and ICP-
MS Ag con trast (Ta ble 3). Co balt soil chem is try is similar
to Cu in that the highest values are in the C-horizon and the
lowest in the F-H–horizon. Cobalt contrast is similar in
both areas for all methods.

A two-sam ple t-test can be ap plied to de ter mine if there 
is a sta tis ti cal dif fer ence at the 0.05 sig nif i cance level be -
tween pop u la tion means. Pop u la tion means were de ter -
mined for sam ples rep re sent ing the ma jor soil ho ri zons;
sam ples were an a lyzed by aqua regia di ges tion–ICP-MS
and INAA. An anal y sis of vari ance (F-test) is ap plied
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ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM

Au 

(ppb)

Au 

(ppb)

Au   

(ppb)

Au   

(ppb)

Au 

(ppb)

Au 

(ppb)

Au   

(ppb)

Au   

(ppb)

F-H Mean 6.3  -  -  - 5.0  -  -  -
F-H Median 0.3  -  -  - 0.3  -  -  -
F-H 95%ile 8.7  -  -  - 0.8  -  -  -
F-H Max 117.0  -  -  - 143.0  -  -  -
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
Upper B 95%ile 4.6  - 0.09 0.03 49.0  - 0.06 0.20
Upper B Max 12.9  - 0.10 0.05 138.7  - 0.14 0.48
Lower B Mean 3.5 0.2 0.04 0.03 24.0 1.60 0.03 0.08
Lower B Median 2.0 0.2 0.03 0.03 3.6 0.60 0.03 0.03
Lower B 95%ile 13.3 0.6 0.10 0.03 128.6 3.26 0.05 0.21
Lower B Max 24.0 0.7 0.13 0.03 239.1 20.10 0.10 0.27
C Mean 3.1  -  -  - 33.5  -  -  -
C Median 2.6  -  -  - 5.9  -  -  -
C 95%ile 5.7  -  -  - 166.2  -  -  -
C Max 6.8  -  -  - 283.5  -  -  -

C Number 21.0  -  -  - 32.0  -  -  -

Mouse Mountain Shiko Lake

Soil 

Horizon

Ta ble 2. Mean, me dian, 95th per cen tile, max i mum val ues for Au de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics
have been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.

Ta ble 3. Mean, me dian, 95th per cen tile, max i mum val ues for Ag de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics
have been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.

ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM

Ag 

(ppb)

Ag 

(ppb)

Ag   

(ppb)

Ag   

(ppb)

Ag 

(ppb)

Ag 

(ppb)

Ag   

(ppb)

Ag   

(ppb)

F-H Mean 234.0  -  -  - 305  -  -  -
F-H Median 187  -  -  - 205  -  -  -
F-H 95%ile 498  -  -  - 855  -  -  -
F-H Max 665  -  -  - 1200  -  -  -
Upper B Mean 114  - 0.10 0.12 163  - 0.1 0.1
Upper B Median 74  - 0.10 0.10 141  - 0.1 0.1
Upper B 95%ile 271  - 0.10 0.10 388  - 0.1 0.1
Upper B Max 578  - 0.10 0.60 700  - 0.1 0.1
Lower B Mean 68 16.3 0.10 0.12 174 32.6 0.1 0.1
Lower B Median 68 13.0 0.10 0.10 128 28.0 0.1 0.1
Lower B 95%ile 132 31.0 0.10 0.21 461 68.6 0.1 0.3
Lower B Max 171 41.0 0.10 0.40 696 74.0 0.1 1.0
C Mean 68  -  -  - 112  -  -  -
C Median 53  -  -  - 85  -  -  -
C 95%ile 155  -  -  - 272  -  -  -
C Max 211  -  -  - 614  -  -  -

C Number 21  -  -  - 32  -  -  -

Mouse Mountain Shiko Lake

Soil 

Horizon



before the t-test to de ter mine if the data for each ho ri zon has 
an equal or un equal vari ance. Once this is de ter mined, the
ap pro pri ate t-test is used to test the null hy poth e sis (H0) that 
there is no sig nif i cant dif fer ence be tween sam ple means
(Da vis, 1973). Fig ure 5 sum ma rizes the re sults of the t-test
ap plied to el e ment (Au, Ag, As, Br, Co, Cu, Cr, Hg, Fe, Mn,
Mo, Ni, Pb, V, Zn) data for the F-H–ho ri zon com pared to el -
e ment data for the up per B-ho ri zon; el e ment data for the up -
per B-ho ri zon com pared to el e ment data for the lower B-
ho ri zon; and el e ment data for the lower B-ho ri zon com -
pared to the el e ment data for the C-ho ri zon. In both ar eas,
there is a sig nif i cant dif fer ence (at the 0.05 sig nif i cance
level) be tween pop u la tion means for most el e ments, ex cept

Au, in the F-H–ho ri zon tested
against the up per B-ho ri zon.
There is no sig nif i cant dif fer ence
for up per B-ho ri zon el e ments
com pared to lower B-ho ri zon el e -
ments, ex cept for Ag and Zn at
Mouse Moun tain.  How ever,
lower B-ho ri zon el e ments com -
pared to the C-ho ri zon el e ments
re veal that As, Cu, Cr, Fe, Mn, Ni
and V are sig nif i cantly dif fer ent
for Mouse Moun tain sam ples and 
Ag, As, Mn, Pb and Zn are sig nif -
i cantly dif fer ent for Shiko Lake
sam ples. The be tween-ho ri zon
el e ment dif fer ences for Mouse
Moun tain com pared to Shiko
Lake most likely re flect the vary -
ing ef fect of lo cal to pog ra phy,
drain age and cli mate on soil
chem is try. For ex am ple, Rose et
al. (1979) show that the depth to a
Cu-en riched B-ho ri zon soil on
the slope of a hill is greater than
that on a ridge crest due to in -
creased soil de vel op ment on the
hill side.

A t-test also de ter mined if
there were sig nif i cant dif fer ences 
in the pop u la tion means of Au,
As, Br, Cu, I, Mo, Mn, Pb, V and
Zn ex tracted by En zyme LeachSM

and Bio LeachSM from up per B-
ho ri zon soils com pared to lower
B-ho ri zon soils in both ar eas
(Fig ure 5). For the el e ments de -
ter mined by En zyme LeachSM,
only Zn is sig nif i cantly dif fer ent
for the up per B- and lower B-
horizon soil sam ples from Shiko
Lake but for the el e ments de ter -
mined by Bio LeachSM there is a
sig nif i cant dif fer ence for Mn, Br
and I at Shiko Lake and Zn at
both sites. Fig ure 6 sum ma rizes
the re sults of the t-test for el e -
ments ex tracted by MMI com -
pared to those ex tracted by Bio
LeachSM from lower B-ho ri zon
soil sam ples. The fig ure shows
that As, Ba and Mo are sig nif i -
cantly dif fer ent at Mouse Moun -
tain and Au, Ba and Pb sig nif i -

cantly different at Shiko Lake.

At the Shiko Lake prop erty, sev eral tra verses were un -
der taken by Lett and Sandwith (2008) and Petsel (2006)
with soil and soil-over bur den sam ples taken at nu mer ous
sites (Fig ure 7). The bed rock ge ol ogy at Shiko Lake con -
sists of an early Ju ras sic in tru sive com plex emplaced in
hornfelsed metasedimentary rocks, volcaniclastic rocks
and mas sive plagioclase-pyroxene ba salt. The in tru sive
stock con sists of an older bi o tite-pyroxene monzodiorite
phase and youn ger po tas sium-feld spar syenite and al kali-
feld spar syenite phases. Near the cen tre of the stock is
medium- to coarse-grained monzonite con tain ing traces of
mag ne tite and sphene. Py rite and fine-grained, pink,
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Ta ble 4. Mean, me dian, 95th per cen tile, max i mum val ues for Cu de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics
have been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.

ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM

Cu 

(ppm)

Cu 

(ppb)

Cu   

(ppb)

Cu   

(ppb)

Cu 

(ppb)

Cu 

(ppb)

Cu   

(ppb)

Cu   

(ppb)

F-H Mean 12.6  -  -  - 32.7  -  -  -
F-H Median 10.9  -  -  - 13.8  -  -  -
F-H 95%ile 24.4  -  -  - 168.7  -  -  -
F-H Max 29.7  -  -  - 212.0  -  -  -
Upper B Mean 26.1  - 23.8 341.0 124.6  - 74.0 593.7
Upper B Median 23.6  - 23.0 348.0 49.6  - 28.5 426.0
Upper B 95%ile 34.5  - 41.0 565.0 329.3  - 249.8 1135.8
Upper B Max 92.3  - 41.0 680.0 1327.2  - 988.0 2780.0
Lower B Mean 27.5 377.7 30.9 414.9 105.0 1142.0 46.0 748.0
Lower B Median 27.0 385.0 28.0 445.0 57.3 660.0 25.0 524.0
Lower B 95%ile 39.9 547.5 52.6 569.6 280.0 1333.0 176.0 222.0
Lower B Max 49.5 750.0 61.0 595.0 483.0 6070.0 205.0 2830.0
C Mean 48.8  -  -  - 175.1  -  -  -
C Median 40.4  -  -  - 84.4  -  -  -
C 95%ile 89.9  -  -  - 631.1  -  -  -

C Max 123.5  -  -  - 1096.4  -  -  -

Mouse Mountain Shiko Lake

Soil 

Horizon

Ta ble 5. Mean, me dian, 95th per cen tile, max i mum val ues for Co de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics have 
been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.

ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM

Co 

(ppm)

Co 

(ppb)

Co   

(ppb)

Co   

(ppb)

Co 

(ppb)

Co 

(ppb)

Co   

(ppb)

Co   

(ppb)

F-H Mean 3.9  -  -  - 5.3  -  -  -
F-H Median 3.2  -  -  - 3.7  -  -  -
F-H 95%ile 10.2  -  -  - 13.4  -  -  -
F-H Max 11.2  -  -  - 13.8  -  -  -
Upper B Mean 9.1  - 19.4 69.1 18.0  - 41.0 73.5
Upper B Median 8.9  - 13.0 65.9 15.7  - 28.5 49.2
Upper B 95%ile 11.7  - 46 113 25.5  - 68 171.4
Upper B Max 24.3  - 47 126 77.8  - 276 291
Lower B Mean 9.2 59.3 21.1 74.2 17.8 72.4 35.5 75.0
Lower B Median 9.6 43.5 16.5 67.7 17.3 49.5 30.0 61.2
Lower B 95%ile 11.1 158.2 42.6 129.7 27.4 150.2 83.4 218
Lower B Max 11.9 179 51 155 33.1 175 93 245
C Mean 11.6  -  -  - 19.6  -  -  -
C Median 11.2  -  -  - 15.5  -  -  -
C 95%ile 18.4  -  -  - 40.9  -  -  -

C Max 20  -  -  - 63.5  -  -  -

Mouse Mountain Shiko Lake
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quartz-syenite veins and dikes in trude the monzonite form -
ing an in tru sive brec cia. Chal co py rite oc curs in the ma trix
of the brec cia with bornite and gold in veins or as coarse
dis sem i na tions, mainly in the youn gest quartz syenite. Per -
va sive, frac ture-con trolled, po tas sium al ter ation and epi -
dote al ter ation of the volcaniclastic rocks is as so ci ated with
the Cu min er al iza tion. Po tas sium and epidote al ter ation is
cut by late-stage, cal cite-filled veinlets (Lo gan and
Mihalynuk, 2005). Bed rock is largely cov ered by sandy till
de pos ited by a north west ice ad vance. On the steeper
slopes, the till has been mo bi lized and re worked into col lu -
vium. Humo-fer ric podzolic and brunisolic soils have de -
vel oped on the better drained, sandy till whereas organic
and gleysolic soils are common in poorly drained de pres -
sions.

At Shiko Lake, sam ples were col lected at the sites
along a 1 km tra verse lo cated west of the North Zone (Fig -
ure 7). Pro files were cre ated by com bin ing the soil anal y ses
from sites P65 to P70, sam pled by Lett and Sandwith
(2008), with data re ported by Petsel (2006). Petsel sub mit -
ted over bur den sam ples for fire as say, atomic ab sorp tion
and aqua regia di ges tion fol lowed by ICP-ES anal y ses. Fig -
ure 8a shows the re sults for Cu con cen tra tions de ter mined
by aqua regia di ges tion–ICP-MS. There is a marked Cu
anom aly in the C-ho ri zon, it oc curs over an in ter val of
400 m be tween P65 to P68 reach ing a peak value of
405 ppm Cu. The Cu anom aly con trast is great est for the C-
ho ri zon and least for the F-H–ho ri zon. The Cu peak in the
C-ho ri zon also has a dis tinc tive asym met ric shape with a
steep south-fac ing slope and a gen tler north-fac ing slope.
The Cu pro file in the C-ho ri zon has a sim i lar shape and
anom aly con trast to the MMI, En zyme LeachSM and Bio
LeachSM Cu pro files from the lower B-ho ri zon (Fig ure 8b).
Bio LeachSM I and Br pro files (Fig ure 8c) re sem ble Cu pro -
files al though val ues for P68 are miss ing so the sharp peak
is ab sent and the con trast is smaller than the con trast for Cu
in the C-ho ri zon. The halo gen peak is dis placed to the north
of the MMI, En zyme LeachSM and Bio LeachSM peaks.

Sam ples from the same tra verse were an a lyzed for Au
by aqua regia di ges tion–ICP-MS. The Au pro file for the C-
ho ri zon (Fig ure 9a) re veals an anom aly re sem bling the Cu
pro file for the C-ho ri zon (Fig ure 8a) but with a more sym -
met ri cal shape. Again, the Au con trast in the C-ho ri zon is
larger than the Au con trast in the B-ho ri zon (no Au was de -
tected in the F-H–ho ri zon soil sam ples). The larger Au
anom aly con trast in the C-ho ri zon may, in part, re flect a
higher Au con tent in the <0.063 mm frac tion of the sam ple
com pared to the <0.18 mm frac tion of the B-ho ri zon soil
sam ple due to less di lu tion by sand-sized ma te rial. Also
shown in Fig ure 9a are the to tal num ber of Au grains and
pris tine Au grains found in the heavy min eral con cen trates
from the C-ho ri zon sam ples from sites P65 to P70. A
nearby bed rock source for the Cu-Au min er al iza tion would 
ex plain the high num ber of pris tine (unweathered) Au
grains along with a geo chem i cal Au anom aly in the
<0.063 mm frac tion of the C-ho ri zon. Fig ure 9b shows that
for the MMI anal y sis there is a high con trast Au anom aly in
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Fig ure 5. Sum mary of a t-test for the pop u la tion means of se lected
el e ments mea sured by aqua regia di ges tion fol lowed by in duc -
tively cou pled plasma-mass spec trom e try (ICP-MS) and in stru -
men tal neu tron ac ti va tion anal y sis (INAA). Com par i sons were
made be tween the F-H–ho ri zon and the up per B-ho ri zon, the up -
per B- and lower B-ho ri zon and the lower B-ho ri zon and the C-
horizon. Also shown are re sults of a t-test for el e ments mea sured
by En zyme LeachSM and Bio LeachSM anal y sis. Com par i sons were
made be tween the up per B-ho ri zon and the lower B-ho ri zon for the
two ar eas. A red square in di cates a sig nif i cant dif fer ence at the
0.05 sig nif i cance level be tween the means. A blue square in di -
cates no dif fer ence. A blank square in di cates that there were in suf -
fi cient val ues above de tec tion lim its for a test to be ap plied.

Fig ure 6. Sum mary of a t-test for the pop u la tion means of se lected
el e ments in the lower B-ho ri zon. Two dif fer ent anal y ses were com -
pared: Mo bile Metal IonSM (MMI) and Bio LeachSM. A red square in -
di cates a dif fer ence at the 0.05 sig nif i cance level be tween the
means. A blue square in di cates no dif fer ence. A blank square in di -
cates that there were in suf fi cient val ues above de tec tion limits for a 
test to be ap plied.

Fig ure 7. The main min eral zones of the Shiko Lake prop erty (af ter
Petsel, 2006) with soil-over bur den sam pling sites (Petsel, 2006)
and soil pro file sites (Lett and Sandwith, 2008).



the lower B-ho ri zon with a peak at P66 but there is al most
no cor re spond ing in crease in Au in ei ther the En zyme
LeachSM or Bio LeachSM anal y ses over the same in ter val.
The large MMI Au anom aly at P66 cor re sponds to the C-
ho ri zon sam ple with the great est num ber of to tal and pris -
tine Au grains counted in a heavy min eral con cen trate. A
smaller MMI Au peak at P69 has a cor re spond ing to tal and
pris tine Au grain anom aly but only back ground lev els of

Au in the <0.063 mm frac tion of the C-ho ri zon sam ple. Fig -
ure 10a shows that the con cen tra tion of Co in the soil,
de ter mined by aqua regia di ges tion–ICP-MS, is sim i lar to
Cu al though the C-ho ri zon Co con trast is smaller and the
anom aly shape more sym met ri cal be tween P68 and P70
than for Cu in the C-ho ri zon. Se lec tive ex trac tion pro files
(Fig ure 10b) show that the MMI Co and Bio LeachSM Co
anom aly peaks at P68 are dis placed to the south of the C-
ho ri zon Co peak. The MMI Co con trast is smaller than the
Bio LeachSM Co contrast although the anomalies have a
similar pattern.

The char ac ter is tic down-ice asym met ric shape of the
C-ho ri zon Cu anom aly, the abun dance of pris tine Au grains 
in the heavy min eral con cen trate, Br and I pat terns, and the
MMI Au con trast sug gest a Cu-Au min eral source nearby
to the anom aly peak. Al though ice flowed from south east to 
north west re gion ally, the lo cal ice flow could have been de -
flected by the ridge be tween the North and Quarry zones so
that till may have been de pos ited by a more north to south
ice flow. The source of min er al ized rock de tected by the
geo chem is try could there fore be close to the con tact be -
tween in tru sive and volcaniclastic rocks (i.e., near P68 and
P69). A nearby di a mond-drill hole (SH91-18) in ter sected
fine-grained, mod er ately hornfelsed siltstone with >5%
dis sem i nated py rite. The drill log re cords an overburden
thickness of 4.6 m (Petsel, 2006).
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Figure 8. Cop per pro files along a tra verse west of the North Zone,
Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively
coupled plasma-mass spec trom e try (ICP-MS) anal y sis for Cu in
the F- H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Cu in the
lower B-ho ri zon; c) Bio LeachSM anal y sis for Br and I in the up per B- 
and lower B-ho ri zons.
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Fig ure 9. Gold pro files along a tra verse west of the North Zone,
Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively cou -
pled plasma-mass spec trom e try (ICP-MS) anal y sis for Au in the 
F-H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Au in the
lower B-ho ri zon.



A sec ond tra verse at Shiko Lake ex tends more than
500 m across the North East min er al ized zone. Fig ure 11a
shows Cu con cen tra tions in the F-H–, up per B-, lower B-
and C-ho ri zons us ing data from Lett and Sandwith (2008)
com bined with the soil-over bur den geo chem is try re ported
by Petsel (2006). Cop per val ues were de ter mined by aqua
regia di ges tion–ICP-MS anal y sis and the pat tern is sim i lar
to the pat tern along the North Zone tra verse (Fig ures 8a,
11a). The Cu in the C-ho ri zon shows the great est anom aly
con trast com pared to other ho ri zons and there is an asym -
met ric Cu peak at P60. Bio LeachSM Cu con trast is greater
than the MMI Cu con trast and En zyme LeachSM Cu con trast 
at P60, but there is a sec ond ary MMI Cu anom aly at P56
(Fig ure 11b). The high est Bio LeachSM Br and I val ues (Fig -
ure 11c) oc cur in the lower B-ho ri zon at P62 sug gest ing a
pos si ble bed rock source for the Cu and Au. The Au pat tern
in the C-ho ri zon is sim i lar to Cu and there is a sharp Au
peak at P60, which is also the site of the great est num ber of
to tal and pris tine Au grains in the C-ho ri zon heavy min eral
con cen trate (Fig ure 12a). A sec ond Au peak at P56 in the
lower B-ho ri zon but not the C-ho ri zon has a cor re spond ing
marked MMI geo chem i cal anom aly (Fig ure 12b). The
asym met ric shape of the Au and Cu peaks sug gests the
source to be min er al ized ma te rial in till, which has been de -
pos ited by ice flow ing from north to south. Since this is at
vari ance to the re gional ice-flow di rec tion, a likely

explanation is that there are several sources of Au shown by 
the multiple peaks along the profile.

CONCLUSIONS

· Re gional geo chem i cal sur vey and re gional till sur vey
da ta bases have been up dated with new in for ma tion in -
clud ing spa tial links of sam ple lo ca tions to bedrock
geology.

Geo log i cal Field work 2008, Pa per 2009-1 227

0

5

10

15

20

25

30

35

58
14

61
0

58
14

55
2

58
14

42
1

58
14

41
0

58
14

31
0

58
14

29
3

58
14

20
5

58
14

14
8

58
14

14
8

58
14

12
8

58
14

00
1

58
13

95
6

58
13

91
6

58
13

90
9

58
13

83
9

58
13

80
4

58
13

76
2

UTMNorth South

C
o

 (
p

p
m

)

P65
P66 P67

P68 P69
P70

C-horizon

Lower B-horizon

Upper B-horizon

F-H–horizon

a)

0

50

100

150

200

250

300

58
14

61
0

58
14

55
2

58
14

42
1

58
14

41
0

58
14

31
0

58
14

29
3

58
14

20
5

58
14

14
8

58
14

14
8

58
14

12
8

58
14

00
1

58
13

95
6

58
13

91
6

58
13

90
9

58
13

83
9

58
13

80
4

58
13

76
2

UTMNorth South

C
o

 (
p

p
b

)

P65 P66
P67

P68 P69

P70

SMBio Leach

SMMobile Metal Ion

SMEnzyme Leach

b)

Fig ure 10. Co balt pro files along a tra verse west of the North Zone,
Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively cou -
pled plasma-mass spec trom e try (ICP-MS) anal y sis for Co in the 
F-H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Co in the
lower B-ho ri zon.
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Fig ure 11. Cop per pro files along a tra verse across the North East
Zone, Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively
cou pled plasma-mass spec trom e try (ICP-MS) anal y sis for Cu in
the F-H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Cu in the
lower B-ho ri zon; c) Bio LeachSM anal y sis for Br and I in the up per B- 
and lower B-ho ri zons.



· Aqua regia di ges tion–ICP-MS anal y ses of soil sam -
ples from tra verses over the Mouse Moun tain and
Shiko Lake por phyry Cu-Au min eral de pos its show
that Cu and Au anom aly con trast is greater for the C-
ho ri zon com pared to the F-H– and B-horizons.

· At Shiko Lake, the asym met ric shape of the Cu anom -
aly in the C-ho ri zon soil and the large num ber of pris -
tine Au grains in the C-ho ri zon heavy min eral con cen -
trates sug gest a nearby min eral source for the soil
anom a lies. How ever, lo cal ice-flow di rec tion may be
dif fer ent from the re gional di rec tion due to de flec tion
by lo cal bed rock to pog ra phy and hence the az i muth
vec tor from the bed rock source cannot be determined
precisely.

· There is very lit tle vari a tion in the el e ment anom a lies
de ter mined by En zyme LeachSM com pared to anom a -
lies de ter mined by other meth ods. Bio LeachSM anal y -
sis re vealed higher con trast Cu and Co anom a lies than
the anom a lies from MMI anal y sis. How ever, for Au
the MMI has higher anom aly con trast than the other
selective extractions.

· In gen eral, Bio LeachSM Br and I show sim i lar geo -
chem i cal pat terns to met als al though the anom aly
peaks ap pear dis placed from the metal peaks.
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Fig ure 12. Gold pro files along a tra verse across the North East
Zone, Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively
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(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Au in the
lower B-ho ri zon.
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