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INTRODUCTION

Ori en ta tion sur veys are an es sen tial part of any large-
scale geo chem i cal pro gram be cause they serve to es tab lish
op ti mum sam pling and an a lyt i cal tech niques. Among vari -
ables that need to be de ter mined by a soils ori en ta tion are
the sam ple den sity, soil ho ri zon, sam ple grain size or min -
eral frac tion, and an a lyt i cal method. Es tab lish ing geo -
chem i cal back ground for each el e ment, ei ther by ref er ence
to lit er a ture val ues or by cal cu lat ing sta tis tics from the ori -
en ta tion sur vey data, is the first stage in de fin ing an anom -
aly. Closely linked to es tab lish ing back ground is de cid ing
on the com bi na tion of sam ple grain size, sam ple di ges tion
tech nique and el e ment de tec tion method that will give the
great est anom aly contrast (signal to noise ratio) for all ore
indicator and pathfinder elements.

Se lec tive and se quen tial metal ex trac tions have long
been used in stream sed i ment and soil sur veys to im prove
geo chem i cal anom aly con trast. For ex am ple, Cameron et
al. (2004) showed that se lec tive ex trac tion tech niques, such 
as En zyme LeachSM and Mo bile Metal IonSM anal y sis, are
of ten able to better de tect sul phide and other types of min -
er al iza tion be neath thick surficial de pos its by en hanc ing
geo chem i cal anom aly con trast. The fac tors that gov ern el e -
ment trans port and mi gra tion from source to site of ac cu -
mu la tion must be ap pre ci ated for cor rectly in ter pret ing the
sub tle but of ten dis tinct el e ment pat terns re vealed in se lec -
tive ex trac tion data. Among the fac tors in flu enc ing el e ment 
dis per sion are lithogeochemistry, bed rock ge ol ogy,
surficial ge ol ogy (in clud ing stra tig ra phy and ma te rial
thick ness), gla cial ero sion and trans port of min er al iza tion
from a bedrock source, soil drainage, soil-forming
processes, soil redox potential and soil pH.

Geo chem i cal mod els can help es ti mate the in flu ence
of these vari ables on anom aly for ma tion by vi su ally dem -
on strat ing the re la tion ships be tween a min eral de posit and
its geo chem i cal re sponse in the near-sur face en vi ron ment.
First pro posed by Bradshaw (1975) for the Ca na dian Cor -
dil lera, con cep tual geo chem i cal mod els have most re cently
been adapted by Butt et al. (2005) in Aus tra lia to sim plify
the interpretion of com plex sur vey data with vi sual three-
di men sional di a grams. Lett and Bradshaw (2002) pro posed 

de vel op ing an at las of sim i lar geo chem i cal mod els sup -
ported by real an a lyt i cal and field data from Cordilleran
case his to ries. For ex am ple, Hoffman and Perkins (1990)
de vel oped a geo chem i cal model for Au-Cu por phyry min -
er al iza tion, from ge ol ogy and lithogeochemical stud ies, to
ex plain the re sults of multi-el e ment soil sur veys on the Cat
Moun tain de posit in cen tral Brit ish Co lum bia. Their model
pro posed con cen tric lithogeochemical zones ra di at ing
from a W-Ag core into a Mo zone, a Au zone, a Cu-Co-Fe
zone and, fi nally, a pe riph eral As-Al-V-Mn zone. De pend -
ing on the ero sion level of the Cu-Au-mineralized bedrock,
there was a lateral transition from the peripheral As-Al-V-
Mn into a Pb-Zn zone.

Much of the cur rent min eral ex plo ra tion in Brit ish Co -
lum bia has fo cused on Quesnel Terrane rocks be cause of
pro duc tion from eco nomic Cu-Au de pos its such as Mount
Polley. Al though there have been few spe cific ori en ta tion
stud ies to de ter mine the near-sur face geo chem i cal ex pres -
sion of Cu-Au por phyry de pos its, the re sults of re cent ori -
en ta tion sur veys over epi ther mal Au min er al iza tion have
been pub lished by Cook and Dunn (2007). They dem on -
strated that the par tial ex trac tion of trace el e ments us ing
En zyme Leach and Mo bile Metal Ion anal y sis from soil
sam ples col lected over the Tommy and Ted Au-min er al ized 
epi ther mal vein near Vanderhoof, BC could im prove geo -
chem i cal con trast com pared to re sults from more rig or ous
acid di ges tion. Many of the el e ments de tected by the par tial
ex trac tion used by Cook and Dunn (2007) were im por tant
pathfinders for base and pre cious metal min er al iza tion.
Hall (1998) de scribed a num ber of the more re cently de vel -
oped par tial ex trac tion meth ods and as sessed the an a lyt i cal
pre ci sion for geo chem i cal pathfinders de ter mined by these
tech niques. Not only is the an a lyt i cal method (e.g., En zyme 
Leach) im por tant for en hanc ing con trast, but so too is the
el e ment suite that best char ac ter izes min er al iza tion. Im -
proved geo chem i cal tech niques need to be de vel oped for
de tect ing more deeply bur ied min eral de pos its, since much
of cen tral BC has an ex ten sive cover of pla teau bas alts and
gla cially trans ported over bur den. Here we re port pre lim i -
nary re sults of ori en ta tion geo chem i cal stud ies over the
Mouse Moun tain (MINFILE 093G  003) and Shiko Lake
(MINFILE 093A  058) porphyry Cu-Au mineral oc cur -
rences, as well as a target for possible Cu mineralization
near Soda Creek. The locations of these three areas are
shown in Figure 1.

SURVEY TECHNIQUES

Field Sampling

Sam ples from ma jor soil ho ri zons were taken down
ver ti cal pro files at spe cific in ter vals in the Mouse Moun -
tain, Shiko Lake and Soda Creek ar eas. The pro files were
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lo cated at sta tions along road and bush tra verses that were
gen er ally ori en tated per pen dic u lar to the re gional ice-flow
di rec tion. Sev eral sam pling tra verses up and down-ice of a
min er al ized zone (where known) were com pleted, al -
though it was of ten not prac ti cal to carry out an ex ten sive or
reg u lar sam pling pat tern. Where pos si ble, the fol low ing
sam ples 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 soil ho ri zon, just be neath the eluviated
(Ae) ho ri zon (where vis i ble);

• the lower B soil ho ri zon close to the tran si tion be tween
the B and C soil ho ri zons;

• a depth of 20 to 25 cm for Mo bile Metal Ion anal y sis;
and

• the C soil ho ri zon gla cial sed i ment (typ i cally till).

Eighty-eight up per B-ho ri zon, 84 lower B-ho ri zon and 
83 C-ho ri zon sam ples were taken (in clud ing qual ity-con -
trol field du pli cates). Me dian mid point depths of the up per
B, lower B and C-ho ri zon sam ples were 16.0 cm (1st to 3rd

quartile ranged from 13 to 18 cm), 26 cm (1st to 3rd quartile
ranged from 24 to 26 cm) and 43 cm (1st to 3rd quartile
ranged from 36 to 57 cm), re spec tively. Ho ri zons were
iden ti fied in the field us ing the Ca na dian Soil Clas si fi ca tion 
Work ing Group (1998) no men cla ture. How ever, dis tinc -
tion be tween ‘up per’ and ‘lower’ B ho ri zon is of ten ar bi -
trary be cause there is com monly only a sub tle change in soil 
colour and texture within a given profile.

The sam ples were col lected from hand-dug pits or
from trenches ex ca vated in road cuts. Pro file sites were ac -
cu rately lo cated with a Garmin Map 60 hand-held GPS
unit. Du pli cate sam ples were taken at a fre quency of one
du pli cate per twenty rou tine sam ples. Depth, soil tex ture,
soil col our (Munsell Clas si fi ca tion) and struc ture were de -
scribed for each sam ple taken, with de tails on the per cent -
age, size and shape of rock clasts and pres ence (or ab sence)
of clast striations re corded. Still dig i tal pho to graphs were
taken of each pro file and a short video made to re cord de -
tails of the area sur round ing the sta tion. At the end of each
day, the B-ho ri zon pH was mea sured on a 1:1 (by vol ume)
slurry of soil to dis tilled wa ter with an Extech® In stru ments
Cor po ra tion P110 pH me ter cal i brated daily with pH 4
and 7 buff ers. Mul ti ple sam ples were col lected from each
ho ri zon for use in dif fer ent an a lyt i cal meth ods. For ex am -
ple, B-ho ri zon soil and lit ter sam ples for aqua regia di ges -
tion – in duc tively cou pled plasma – mass spec trom e try
(ICP-MS) anal y sis were col lected in Hubco Inc. poly es ter
weave bags, and the C-ho ri zon sam ples (gla cial sed i ment)
were col lected in large PVC bags. Sam ples in tended for En -
zyme LeachSM, Soil Gas Hy dro car bonsSM and Mo bile
Metal IonSM anal y sis were col lected and dou ble-bagged in
sealed PVC Ziploc® bags. A num ber of sed i ment sam ples
were also col lected in Hubco bags from streams in the areas
surveyed. A typical soil from the Mouse Mountain area is
shown in Figure 2.

Sample Preparation

The F-H, B and C-ho ri zon sam ples were oven dried at
35 to 40ºC and pre pared in the Brit ish Co lum bia Geo log i cal 
Sur vey lab o ra tory, Vic to ria, BC be fore be ing sent for anal -
y sis at com mer cial lab o ra to ries. The F-H-ho ri zon sam ples
were milled. Part of the B-ho ri zon sam ple and stream sed i -
ment sam ples were disaggregated and sieved to –80 mesh

(<0.180 mm), whereas C-ho ri zon (gla cial sed i ment) sam -
ples were sieved to –230 mesh (<0.063 mm). The +2 mm
size frac tion of the gla cial sed i ment was ar chived for later
iden ti fi ca tion of clast li thol ogy. Sieved or milled du pli cate
sam ples (gen er ally from one of the field rep li cates) and
stan dard ref er ence ma te ri als were in serted into each batch
of 20 sam ples be fore anal y sis. No prep a ra tion was car ried
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Fig ure 1. Lo ca tion of the Mouse Moun tain, Shiko Lake and Soda
Creek sur vey ar eas, cen tral Brit ish Co lum bia.

Fig ure 2. Pro file show ing Brunisolic soil de vel oped on till, Mouse
Moun tain area.



out on the soil sam ples sent for Enzyme Leach, Soil Gas
Hydrocarbons and Mobile Metal Ion analysis.

Sample Analysis

Anal y sis of sam ples is cur rently in prog ress by the fol -
low ing meth ods:

• Aqua regia di ges tion – ICP-MS: The <0.18 mm soil
and <0.063 mm gla cial sed i ment frac tions have been
an a lyzed for 37 el e ments, in clud ing Au and Cu, at
Acme An a lyt i cal Lab o ra to ries, Van cou ver, BC by
aqua regia di ges tion (HNO3-HCl-H2O 1:1:1 by vol -
ume), fol lowed by ICP-MS.

• In stru men tal neu tron ac ti va tion anal y sis (INAA):
The <0.180 mm soil and <0.063 mm gla cial sed i ment
frac tions are be ing an a lyzed for 33 el e ments, in clud ing 
Au, at Ac ti va tion Lab o ra to ries Lim ited, Ancaster, On -
tario by INAA. This method in volves ir ra di a tion of ei -
ther a 5 or 20 g sam ple in a high-den sity neu tron flux,
fol lowed by count ing the gamma-ray emis sion from
el e ments af ter a de cay period.

• En zyme LeachSM anal y sis: This tech nique, de vel -
oped by Ac ti va tion Lab o ra to ries Lim ited, Ancaster,
On tario, de tects small el e ment vari a tions in B-ho ri zon
soils over and around min eral de pos its by se lec tively
re mov ing the amor phous man ga nese di ox ide soil-par -
ti cle coat ings with hy dro gen per ox ide, thereby re leas -
ing trapped trace el e ments (Yeager et al., 1998).

• Soil Gas Hy dro car bons (SGH)SM: De vel oped by Ac -
ti va tion Lab o ra to ries Lim ited, Ancaster, On tario, this
is an ex trac tive pro ce dure for C5 to C17 or ganic com -
pounds that have been ab sorbed on B-ho ri zon soil
sam ples. The pro ce dure is de signed to mea sure these
com pounds in the low parts per tril lion (ppt) con cen -
tra tion range.

• Mo bile Metal Ion (MMI)SM analysis: This tech -
nique, de vel oped by Mann et al. (1998), uti lizes re -
agents con tain ing strong lig ands de signed to ex tract
met als such as Cu, Pb, Zn, Ni, Cd, Au, Ag, Co and Pd
from soil samples.

• Loss-on-ig ni tion (LOI): LOI of soil sam ples at 500ºC
was de ter mined on the <0.180 mm frac tion of the B-
ho ri zon soil sam ples at Acme An a lyt i cal Lim ited, Van -
cou ver, BC.

El e ments an a lyzed and de tec tion lim its for the aqua
regia – ICP-MS, INAA, En zyme Leach, and Mo bile Metal
Ion an a lyt i cal meth ods are listed in Table 1.
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Element
AR-ICP 

(ppm)

INAA 

(ppm)

MMI

(ppb)

EL

(ppb)

Ag 0.002 5 1 0.2
Al 100 1
As 0.1 0.5 10 1
Au 0.002 0.002 0.1 0.05
B 1
Ba 0.5 50 10 1
Be 2
Bi 0.02 1 0.8
Br 0.5 5
Ca 100 10000 10
Cd 0.01 1 0.2
Ce  3 5 0.1
Cl 2000
Co 0.1 1 5 1
Cr 0.5 5 100 20
Cs 1 0.1
Cu 0.01 10 3
Dy 1 0.1
Er 0.5 0.1
Eu 0.2 0.5 0.1
Fe 100 100 1
Ga 0.2 1
Gd 1 0.1
Ge 0.5
Hf 1 0.1
Hg 0.005 1 1SQ
Ho 0.1
I 2
In 0.1
K 100
Ir 0.005
La 0.5 0.5 1 0.1
Li 5 2
Lu 0.1
Mg 100 1
Mn 1 1
Mo 0.01 1 5 1
Na 100 100
Nb 0.5 1
Nd 5 1 0.1
Ni 0.1 20 5 3
Os 1
P 10
Pb 0.01 10 1
Pr 1 0.1
Pt 1 1
Pd 1 1
Rb 15 5 1
Re 0.01
Rh
Ru 1
S 20
Sb 0.02 0.1 1 0.1
Sc 0.1 5 100SQ
Se 0.1 3 5
Sm 0.1 1 0.1
Sn 200 1 0.8
Sr 0.5 50 10 1
Ta 0.5 1 0.1
Tb 0.5 1 0.1
Te 0.02 10 1
Th 0.1 0.5 0.1
Ti 10 3 100SQ
Tl 0.02 0.5 0.1

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

Zr 5 1

TABLE 1. ELEMENTS DETERMINED BY AQUA REGIA –
INDUCTIVELY COUPLED PLASMA – MASS SPECTROMETRY
(AR-ICP), INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS 
(INAA), MOBILE METAL ION SM (MMI) AND ENZYME LEACHSM

(EL) ANALYSIS, WITH INSTRUMENTAL DETECTION LIMITS.
DETECTION LIMITS FOR ALL ELEMENTS BY EL AND MMI

ARE IN PARTS PER BILLION (PPB); ELEMENTS
DETERMINED BY AR-ICP AND INAA ARE IN PARTS PER

MILLION (PPM). EL RESULTS FOR CL, HG, SC AND TI ARE
SEMIQUANTITATIVE.



SURVEY AREAS

Mouse Mountain

Soil pro files were sam pled over part of the Mouse
Moun tain min eral oc cur rence (MINFILE 093G  003), a
prop erty lo cated 10 km east of Quesnel, BC and cur rently
be ing de vel oped by Rich field Ven tures Corp. Un du lat ing
to pog ra phy around Mouse Moun tain is typ i cal of the Fra ser 
River ba sin, where most of the sur face be low 1200 m is
drift cov ered (Hol land, 1976). Mouse Moun tain, a prom i -
nent un even rocky ridge ris ing to 1020 m, with a steeper
north west-fac ing slope and a gen tler south east-fac ing
slope, could be in ter preted as a roche moutonnée formed by 
re gional ice flow from the south east dur ing the late
Wisconsinan. Gla ciers ad vanced into the re gion from both
the Coast and Cariboo moun tains, re sult ing in ice-flow
events to wards the north and north west, re spec tively.
These ice-flow events were fol lowed by a later north west
ad vance from the Cariboo Moun tains only. Tip per (1971)
de scribed north-trending gla cial groves as a com mon gla -
cial landform in the area east of Quesnel and sug gested that
these fea tures could re flect ero sion by one or more gla cial
ad vance(s) (or glaciations) across the re gion. The ex tent of
the last gla cial ad vance into the Mouse Moun tain area is un -
cer tain. Gla cial sed i ments de pos ited on gen tler hill sides are 
typ i cally sandy till, whereas re worked till and col lu vium
oc cur on steeper slopes. Dur ing fi nal stages of deglaciation, 
ice blocked the Fra ser River and a large proglacial lake
filled much of the Fra ser River ba sin. Thick sand and clay
units near Prince George are typ i cal of sed i ments de pos ited
in this lake. Near Mouse Moun tain, how ever, an in ter mit -
tent thin ve neer of sand and gravel could be evidence of the
reworking of the underlying till by proglacial lake water
(Tipper, 1971).

Un dis turbed soil formed on the better drained gla cial
sed i ments is mainly a humo-fer ric Podzol that sup ports
Douglas-fir, white spruce, lodgepole pine, trem bling as pen
and pa per birch. These are spe cies typ i cal of the Douglas-
fir – white spruce eco log i cal subzone (Lord, 1982). Wil -
low, al der and dev ils club grow densely along val ley floors
and in wetlands. The area around Mouse Moun tain has
been ex ten sively logged and there is pres ently some dam -
age to tim ber by the mountain pine beetle.

Re gional ge ol ogy of the Mouse Moun tain area con -
sists of Tri as sic arc-re lated vol ca nic and sed i men tary rocks
and Ju ras sic in tru sive com plexes (Panteleyev et al., 1996;
Lo gan, 2008). Jonnes and Lo gan (2007) de scribed the ge ol -
ogy, Cu-Au min er al iza tion and al ter ation of the Mouse
Moun tain min eral prop erty in de tail, so only a sum mary
will be given here. There are three sep a rate north west-
trending zones of py rite, chal co py rite, mal a chite and az ur -
ite min er al iza tion within a car bon ate-potassic-al tered
monzonite stock that has in truded Up per Tri as sic Nicola
Group lapilli tuff. Siltstone and pyroxene ba salt also crop
out on the prop erty. Soil sam ples were col lected along tra -
verses cross ing the poorly ex posed Rain bow min er al ized
zone in the north west ern part of the prop erty. Where vis i -
ble, Cu-Au min er al iza tion at the Rain bow zone con sists of
dis sem i nated and vein-hosted py rite, chal co py rite, mal a -
chite and az ur ite, with traces of flu o rite, sphalerite and
bornite within an ker ite-fuch site-al tered monzonite. Up to
2500 ppm Cu and 100 ppb Au have been reported in rock
samples from this zone (Jonnes and Logan, 2007).

Shiko Lake

The Shiko (Redgold) min eral oc cur rence (MINFILE
093A  058) is a prop erty owned by R. Durfeld and is cur -
rently be ing de vel oped by NovaGold Re sources Inc. De -
tailed soil sam pling on this prop erty, lo cated north west of
Shiko Lake, fo cused on a partly drift-cov ered, steep-sided
ridge 2 km south of Mitch ell Bay on Quesnel Lake. The
north west-trending ridge (1020 m) on which the prop erty is 
sit u ated is typ i cal of the un du lat ing Fra ser Pla teau to the
west and is in con trast to the more rug ged Quesnel High -
lands (Hol land, 1976). Gla ciers ad vanced from the south -
east into the re gion from the Cariboo Moun tains, as sug -
gested by rare striations and cres cent-shaped rock gouges,
with ori en ta tions be tween 280º and 300º (north west), on
ice-pol ished out crop. Tip per (1971) de scribed and in ter -
preted var i ous gla cial land forms north and west of Quesnel
Lake as ev i dence for two dis tinct glaciations dur ing the
Pleis to cene. Given the prox im ity of Shiko Lake to the
Cariboo Moun tains, the gla cial sed i ments oc cur ring there
are likely the prod uct of the most re cent Late Wisconsinan
gla cial ad vance (i.e., Fra ser Gla ci ation) and sub se quent
deglaciation. A pre dom i nantly sandy till was de pos ited
that, on steeper slopes, has been mo bi lized and re worked
into col lu vium. Sand and gravel de pos ited dur ing
deglaciation have ac cu mu lated to a con sid er able thick ness
on the floors of ma jor val leys, such as the Horse fly River
val ley lo cated south of Shiko Lake. Levson and Giles
(1993) de scribed an ex po sure north of Horse fly where a
Late Wisconsinan diamicton and glaciofluvial sand and
gravel overlie Au-bearing Miocene gravel.

Humo-fer ric Podzolic and Brunisolic soils have de vel -
oped on the better drained sandy till, whereas or ganic and
Gleysolic soils are com mon in poorly drained de pres sions.
West ern red ce dar, white spruce and Douglas-fir, lodgepole 
pine, com mon pa per birch, black cot ton wood and trem -
bling as pen form the can opy. Wil low, al der and dev ils club
grow thickly in poorly drained ar eas. The ridge and sur -
round ing area have been extensively logged.

An early Ju ras sic in tru sive com plex, which was
emplaced in hornfelsed metasedimentary rocks,
volcaniclastic rocks and mas sive plagioclase-pyroxene ba -
salt, dom i nates the ge ol ogy of the Shiko Lake prop erty. 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 ka line-feld spar phases. The dom i nant phase
near the cen tre of the stock is a me dium to coarse-grained
monzonite con tain ing traces of mag ne tite, sphene and py -
rite. Fine-grained, pink quartz syenite veins and dikes in -
trude the monzonite and form an in tru sive brec cia that has a
ma trix con tain ing chal co py rite and py rite. At this min eral
oc cur rence, chal co py rite, bornite and gold oc cur in veins
and as coarse dis sem i na tions, mainly in the youn gest quartz 
syenite but also in the other in tru sive phases. Frac ture-con -
trolled per va sive po tas sium al ter ation and epidote al ter -
ation of the volcaniclastic rocks is as so ci ated with the Cu
min er al iza tion. Ear lier po tas sium and epidote al ter ation
has been cut by late-stage cal cite-filled veinlets (Lo gan and
Mihalynuk, 2005). Soil pro file sam pling fo cused on the
North, North east and East zones, where, in ad di tion to re -
cent di a mond-drill ing, a detailed overburden geochemical
survey has been completed by NovaGold Resources Inc.
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Soda Creek

Soil pro files were sam pled near Soda Creek in an area
west of the Fra ser River (Fig 1). With gently un du lat ing to
flat to pog ra phy at an el e va tion of 1000 m, this area has nu -
mer ous lakes and poorly de fined marshy streams. The land
sur face slopes steeply to wards the Fra ser River, re flect ing
ero sion of the pla teau ba salt cover. Tip per (1972) in ter -
preted a few drum lin-like land forms, vis i ble on air pho to -
graphs, as in di cat ing a north ward ice-flow event dur ing the
Late Wisconsinan Fra ser Gla ci ation. Till, ex posed in
roadcuts, has a silty clay ma trix and, in one sec tion sam -
pled, is car bon ate rich. Soils are pre dom i nantly Brunisolic
and or ganic, and sup port mainly white spruce, Douglas-fir
and lodgepole pine.

The Eocene to Pleis to cene Chil cotin Group pla teau ba -
salt, cov er ing Perm ian to Tri as sic Cache Creek ma rine sed -
i men tary and vol ca nic rocks, un der lies the area sur veyed.
The thick ness of the Chil cotin Group in the area around
Coy ote Lake is un known, but Mihalynuk (2007) pre dicted
that, close to the Fra ser River val ley, the thick ness of these
vol ca nic rocks may exceed 100 m.

PRELIMINARY RESULTS

Threshold Values

Mean, me dian, quartile and per cen tiles cal cu lated
from aqua regia di ges tion – ICP-MS anal y ses of 158 up per
B and lower B-ho ri zon sam ples are listed in Ta ble 2. Soil
Cu and Au re sults have been con toured with Man i fold GIS
soft ware to cre ate sec tions across the sur veyed ar eas us ing
me dian and quartile val ues for con tour in ter vals. Quartiles,
as op posed to per cen tiles, have been used be cause they are
a more ro bust sta tis tic when the data are sus pected to con -
tain sev eral pop u la tions. For ex am ple, up per B, lower B
and C-ho ri zon geo chem is try can be ex pected to rep re sent
sep a rate data pop u la tions and, ide ally, dif fer ent anom aly
thresh olds should be cal cu lated for each ho ri zon. The dif -
fer ence be tween up per B and lower B-ho ri zon geo chem is -
try is dem on strated us ing the T sta tis tic, which com pares
the means of the datasets for each el e ment in the two ho ri -
zons. The T sta tis tic is cal cu lated from the pooled vari ance
and the means from el e ment val ues for 79 up per B and 79
lower B-ho ri zon sam ples (Da vis, 1973). Ta ble 3 lists the T
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Element Units Median
1st 

quartile

3rd 

quartile

Upper 

fence

Maxi- 

mum
Mean

95th 

percentile

98th 

percentile

99th 

percentile

Ag ppb 73 46.5 129 252.75 580 99.29 228.2 376.2 470.84
Al % 1.605 1.28 2.33 3.905 3.83 01.79 3.016 3.3086 3.4358
As ppm 4.4 2.225 6.1 11.9125 13.2 04.45 9.33 10.93 12.288
Au ppb 1.2 0.225 3.275 7.85 239.1 07.68 28.69 99.394 142.054
Ba ppm 77.8 63.425 93.275 138.05 304.2 83.66 131.775 203.498 245.51
Bi ppm 0.09 0.07 0.12 0.195 0.26 00.10 0.17 0.1986 0.2143
Ca % 0.315 0.24 0.4 0.64 0.88 00.33 0.613 0.713 0.7686
Cd ppm 0.125 0.08 0.19 0.355 0.69 00.15 0.38 0.4672 0.6045
Co ppm 12.8 9.425 18.6 32.3625 34.4 14.27 27.115 30.79 32.188
Cr ppm 47.2 37.225 63.3 102.4125 128.8 53.10 92.98 104.534 119.167
Cu ppm 29.255 20.105 43.35 78.2175 482.95 48.82 157.9815 246.3706 276.7893
Fe % 3.06 2.4325 3.8975 6.095 6.79 03.18 4.8365 5.1216 5.9732
Ga ppm 5 4 6.7 10.75 13 05.45 9.115 10.23 11.229
Hg ppb 30 17 40.75 76.375 176 33.39 71.75 125.72 130.29
K % 0.07 0.05 0.11 0.2 0.4 00.09 0.2215 0.2586 0.333
La ppm 8.3 6.6 10.9 17.35 21.3 09.10 15 17.93 18.931
LOI % 6.4 4.5 8.5 14.5 22.5 06.72 10.675 13.994 16.648
Mg % 0.585 0.44 0.81 1.365 1.94 00.65 1.2215 1.303 1.4216
Mn ppm 294 223.5 375 602.25 2504 333.07 579.75 811.84 936.73
Mo ppm 0.59 0.4325 0.74 1.20125 6.09 00.74 1.741 2.8504 3.6046
Na % 0.008 0.006 0.014 0.026 0.035 00.01 0.028 0.029 0.03229
Ni ppm 32.5 24.75 53.925 97.6875 205 42.80 97.615 116.268 122.919
P % 0.0685 0.047 0.10125 0.182625 0.235 00.08 0.1616 0.185 0.22001
Pb ppm 4.685 4.035 5.875 8.635 15.35 05.22 9.576 10.6248 11.5679
S % 0.01 -0.01 0.01 0.04 0.05 00.00 0.02 0.03 0.0343
Sb ppm 0.195 0.1425 0.39 0.76125 0.76 00.26 0.5315 0.6072 0.7001
Sc ppm 3.2 2.7 4.2 6.45 11.9 04.07 10.015 11.272 11.615
Se ppm 0.3 0.2 0.4 0.7 1.7 00.29 0.6 0.872 0.9
Sr ppm 24.2 18.125 29.675 47 87.6 25.89 44.305 65.984 70.367
Te ppm 0.02 -0.02 0.03 0.105 0.14 00.01 0.06 0.1086 0.13
Th ppm 2 1.4 2.6 4.4 5.6 02.19 4.2 4.572 4.843
Ti % 0.083 0.065 0.1155 0.19125 0.637 00.10 0.1777 0.28906 0.44421
Tl ppm 0.06 0.05 0.0775 0.11875 0.19 00.06 0.1 0.11 0.1329
U ppm 0.4 0.3 0.4 0.55 1.6 00.39 0.6 0.6 1.5
V ppm 61 49 71 104 155 61.91 98.45 122.16 130.58
W ppm -0.1 -0.1 0.1 0.4 0.7 -00.03 0.2 0.286 0.3

Zn ppm 72 56.325 85.675 129.7 160.4 73.53 117.655 139.336 151.49

TABLE 2. STATISTICS FOR ELEMENTS DETERMINED BY AQUA REGIA – ICP-MS ANALYSIS IN 158 B-HORIZON
SAMPLES. THE UPPER FENCE VALUE HAS BEEN CALCULATED BY MULTIPLYING THE DIFFERENCE BETWEEN

THE 3RD AND 1ST QUARTILES BY 1.5.



sta tis tic at the 90% con fi dence level, to gether with the up -
per B and lower B means for each el e ment. At the 90% con -
fi dence level, for a sam ple size of 79, a T sta tis tic greater
than 2 in di cates that there is a sig nif i cant dif fer ence be -
tween pop u la tion means. Most el e ments (in clud ing Cu and
Au) do have a T sta tis tic that is greater than 2, al though Mo,
Ag, Pb and Mn have T sta tis tics less than 2, so there may be
no sig nif i cant dif fer ence be tween their means. An in ter pre -
ta tion of these re sults might be that, al though the dif fer ence
be tween the pop u la tion means for up per B and lower B el e -
ments is small, there is a sig nif i cant dif fer ence in the soil
chem is try for many of the el e ments. This dif fer ence could
be the re sult of dif fer ent soil-form ing pro cesses ac tive in
the two ho ri zons and also the pres ence or ab sence of met als
in tro duced from min er al ized bed rock. Care is needed when 
col lect ing samples from soil profiles to avoid the
misleading geochemical trends that are introduced by

mixing sample populations (e.g., different sample media
from different sample depths).

Element Associations

Cor re la tion ma tri ces were cal cu lated from el e ment
data for up per B, lower B and C-ho ri zon sam ples from the
Mouse Moun tain and Shiko Lake ar eas, to ex am ine vari a -
tions of el e ment as so ci a tion be tween soil ho ri zons. The
Soda Creek area was ex cluded be cause there is no con -
firmed source of metal for any geo chem i cal vari a tions in
the soil. Strong (less than +0.70 co ef fi cient) el e ment cor re -
la tions are re vealed be tween Cu, Co, Fe, Au, W and Se in
the C ho ri zon (53 sam ples); be tween Cu, Ag, Fe, Au, W and 
Se in the lower B ho ri zon (53 sam ples); and be tween Cu, V,
Al, Sc and Ga in the up per B ho ri zon (58 sam ples). The el e -
ment as so ci a tions show that there has been only slight mod -
i fi ca tion of the par ent gla cial sed i ment (till) geo chem is try
into the lower part of the soil pro file, but more re dis tri bu -
tion of elements due to soil-forming processes in the upper
part of the soil.

Mouse Mountain Results

Soil pro files were sam pled at 11 sta tions along tra -
verses north and south of High way 26. Fig ure 3 shows the
lo ca tion of pro files across the Mouse Moun tain Rain bow
min er al ized zone. The vari a tion of Cu and Au in the soil
over the Rain bow zone is dis played as con toured sec tions
in Fig ures 4 and 5. Cop per val ues gen er ally in crease with
depth from the B to the C ho ri zon, and the high est val ues
are in the C ho ri zon to wards the east end of the tra verse. In -
creased Cu in the soil from the B to the C ho ri zon may partly 
re flect a higher metal con tent in the <0.063 mm frac tion of
the gla cial sed i ment com pared to that in the <0.180 mm
frac tion in B-ho ri zon soil. At pro file 7, there is a C-ho ri zon
Cu anom aly (up to 123 ppm) with el e vated Ag, V and Hg,
and up to 16 ppb Au. The B-ho ri zon pH tends to in crease
from the up per B to the lower B, with most val ues be ing
above pH 6. To wards the east end of the tra verse, how ever,
where Cu and Au are higher the soil, pH is lower than at
profile 6.

Fig ure 6 shows the lo ca tions of eight ver ti cal pro files
along log ging roads south of High way 26, an area un der lain 
by ge ol ogy sim i lar to that at Mouse Moun tain. The aim of
sam pling this area was to com pare soil geo chem is try with a
re gion re mote from Mouse Moun tain and that is thought to
be unmineralized. Fig ure 7 shows that the high est Cu
(89.9 ppm) in the C ho ri zon at pro file 40 is as so ci ated with
el e vated V and Co and the low est B-ho ri zon pH val ues
(5.47) mea sured along the tra verse. While there are back -
ground lev els of Cu in pro file 39 to the west, the Hg con tent
of the C ho ri zon reaches 482 ppb. Gold val ues in the soil
west of pro file 40 are be low 5 ppb. How ever, to the east in
pro file 44, the Au con tent of the lower B ho ri zon in creases
to 24 ppb (Fig 8). Lower val ues were de tected in the un der -
ly ing C ho ri zon. The higher Au and Cu in pro files could re -
flect an un de tected Cu-Au-mineralized source to the south
of the traverse.

Shiko Lake

Fig ure 9 shows the lo ca tions of 30 ver ti cal pro files on
the Shiko Lake prop erty, where soil sam ples were taken.
The Cu and Au geo chem is try for only five of these pro files
will be de scribed here be cause they show el e ment vari a -
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Element Units

Upper B 

horizon 

mean

Lower B 

horizon 

mean

T 

statistic

Ag ppb 103.76 99.29 2.03
Al % 1.68 1.79 6.56
As ppm 4.01 4.45 6.27
Au ppb 5.01 7.68 3.96
Ba ppm 86.52 83.66 3.17
Bi ppm 0.10 0.10 0.12
Ca % 0.31 0.33 5.81
Cd ppm 0.17 0.15 5.53
Co ppm 12.77 14.27 9.70
Cr ppm 48.89 53.10 7.89
Cu ppm 40.61 48.82 5.43
Fe % 2.97 3.18 8.73
Ga ppm 5.32 5.45 2.82
Hg ppb 32.33 33.39 1.65
K % 0.09 0.09 4.29
La ppm 8.46 9.10 7.67
LOI % 7.05 6.72 4.55
Mg % 0.57 0.65 11.67
Mn ppm 336.13 333.07 0.54
Mo ppm 0.71 0.74 1.49
Na % 0.01 0.01 3.49
Ni ppm 35.73 42.80 10.59
P % 0.08 0.08 0.78
Pb ppm 5.20 5.22 0.36
S % 0.00 0.00 2.25
Sb ppm 0.25 0.26 4.43
Sc ppm 3.54 4.07 8.82
Se ppm 0.27 0.29 4.89
Sr ppm 24.17 25.89 5.96
Te ppm 0.01 0.01 1.57
Th ppm 1.96 2.19 9.42
Ti % 0.09 0.10 3.20
Tl ppm 0.06 0.06 5.60
U ppm 0.36 0.39 6.70
V ppm 58.76 61.91 6.05
W ppm -0.03 -0.03 0.19

Zn ppm 78.12 73.53 7.61

TABLE 3. T STATISTICS FOR ELEMENTS
DETERMINED BY AQUA REGIA – ICP-MS

ANALYSIS IN UPPER AND LOWER B-HORIZON
SAMPLES. DATA FROM ALL SAMPLE AREAS

WERE USED TO CALCULATE THE STATISTICS
REPRESENTED HERE.



tions par al lel to the re gional ice-flow di rec tion (i.e., in the
down-ice di rec tion). In ad di tion to the an a lyt i cal re sults
gen er ated by this study, there is a large da ta base of bed rock, 
over bur den and soil geo chem i cal re sults gen er ated by
NovaGold Re sources ex plo ra tion work on and around the
prop erty. Al though these com pany data will be used in con -
junc tion with new anal y ses from this study when they are
avail able, they will only be used at this time to iden tify ap -
par ent el e ment as so ci a tions in bed rock and till, and to cor -
rob o rate the trends ob served in se lected soil pro files. For
ex am ple, an el e ment cor re la tion ma trix from data for 486
com pany anal y ses of over bur den sam ples col lected greater
than 1 m be low the sur face re veals an as so ci a tion
(coefficient greater than +0.45) between Cu, V and Co, and
between Ag, Cd and Pb.

Fig ure 10 shows Cu vari a tion in soil be tween pro -
files 56 and 59. The high est Cu re corded is 1096 ppm in the
C ho ri zon of pro file 60 at the south east ern end of the tra -
verse. In this pro file, Cu val ues in crease from 155 ppm in
the up per B ho ri zon to 1096 ppm in the C ho ri zon. A com -
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Fig ure 4. Con toured Cu in soil over the Rain bow zone, Mouse Moun tain.

Fig ure 5. Con toured Au in soil over the Rain bow zone, Mouse Moun tain.

Fig ure 3. Soil pro file lo ca tions over the Rain bow zone, Mouse
Moun tain (ge ol ogy af ter Jonnes and Lo gan, 2007).



pany over bur den sam ple (S-28-18-6), taken near pro -
file 60, con tained 487 Cu and 69 ppb Au at 1 m depth. Both
lower B and C-ho ri zon sam ples at pro file 60 also have el e -
vated Ag, Co, V and W, with up to 244.8 ppb Au in the C ho -
ri zon. El e ment con cen tra tions fall sharply from pro file 60
to 62, and Cu val ues are typ i cally be low 120 ppm for soil
sam pled north west of pro file 62. Gold val ues, shown in
Fig ure 11, are more vari able along the tra verse and reach a
max i mum 156 ppb in the lower B ho ri zon at pro file 56. This 
max i mum Au value corresponds to the highest Cu content
in the soil.

Soda Creek

Soil sam ples were taken from ver ti cal pro files lo cated
at in ter vals of about 1 km along two tra verses that par al -
leled for estry ac cess roads east and north of Yorston and
Coy ote lakes (Fig 12). Soil pro files were sam pled to de ter -
mine if the source of a gov ern ment re gional geo chem i cal
sur vey (RGS) Cu-Ni anom aly in stream sed i ments col -
lected from Coy ote Creek (Jackaman, 2001) could be de -
tected. Cop per con tent in the orig i nal stream sed i ment sam -
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Fig ure 7. Con toured Cu in soil from pro files south of Mouse Moun tain.

Fig ure 8. Con toured Au in soil from pro files south of Mouse Moun tain.

Fig ure 6. Lo ca tions of soil pro files in the area south of High way 26.



ple (93B805009) was 164 ppm and the Ni con tent was
190 ppm. A stream sed i ment sam ple col lected as part of this 
study from roughly the same stream site and an a lyzed by a
sim i lar method (<0.180 mm size frac tion and aqua regia di -
ges tion – ICP-MS) con tained 33.4 ppm Cu and 72.6 ppm
Ni. Al though the sed i ment has only back ground Cu val ues,
it still has anom a lous Ni as de fined by Jackaman (2001) for
the NTS 93B re gional sur vey 95th per cen tile. Part of the
geo chem i cal vari a tion be tween the two sam ples may be due 
to the high or ganic con tent of the sed i ment and the stag nant
char ac ter of the stream. Weath ered ve sic u lar ba salt boul -
ders lined the stream reach that was sam pled, and weath er -
ing of these boul ders could con trib ute some of the Cu and
Ni to the sed i ment. Soil pro file sam pling was also aimed at
de tect ing a pos si ble north west min eral-rich trend re vealed
by con toured RGS Cu values. This trend extends beneath
the plateau basalts from Quesnel Terrane rocks in the east.
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Fig ure 10. Con toured Cu in soil be tween pro files 56 and 59, Shiko Lake.

Fig ure 11. Con toured Au in soil from be tween pro files 56 and 59, Shiko Lake.

Fig ure 9. Soil pro file lo ca tions over the Shiko Lake prop erty (ge ol -
ogy af ter Massey et al., 2005).



Fig ures 13 and 14 show con toured soil Cu and Ni along 
the north-south tra verse. Cop per is rel a tively uni form
along the tra verse and the high est value (50.1 ppm) oc curs
in the C ho ri zon at pro file 20. There is more vari a tion in Ni,
how ever, and val ues reach 124.9 ppm in the lower B ho ri -
zon at pro file 23. The anom a lous Ni is as so ci ated with el e -
vated Cr, Fe and Mg, sug gest ing that the source for these
met als may be ultra mafic rock in cor po rated in the till from
a source area to the south. Soil pH val ues range from 5.26 in 
the up per B ho ri zon to 7.11 in the lower B, and there is no
ob vi ous re la tion ship be tween Ni and Cu chem is try and soil
pH. There are no sig nif i cant changes in Cu and Ni val ues in
soil along the east-west tra verse (pro files 10–19 in Fig 11),
al though the high est Ni value from this study (102.7 ppm)
oc curs in the C ho ri zon at pro file 19. Most Ca val ues in soil
(from ei ther tra verse) are be low 0.5%, but el e vated Ca
(2.81%) in the C ho ri zon at pro file 11 cor re sponds to a
strong soil re ac tion with di lute (10%) hy dro chlo ric acid.
This Ca-rich C horizon could be till derived from Cache
Creek Group rocks to the south.
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Fig ure 13. Con toured Cu in soil along a north-south tra verse, Yorston and Coy -
ote lakes (Soda Creek) area.

Fig ure 14. Con toured Ni in soil along a north-south tra verse, Yorston and Coy -
ote lakes (Soda Creek) area.

Fig ure 12. Pro file lo ca tions in the Yorston and Coy ote lakes (Soda
Creek) area. Ab bre vi a tion: RGS, re gional geo chem i cal sur vey.



DISCUSSION

There will only be a pre lim i nary dis cus sion of geo -
chem i cal re sults in this pa per be cause var i ous anal y ses
(e.g., En zyme LeachSM, Soil Gas Hy dro ly sisSM and Mo bile
Metal IonSM) are still pend ing, and these ad di tional data are
nec es sary for a full in ter pre ta tion of the soil geo chem is try
within the ar eas stud ied. An as so ci a tion of Cu and Au with
Ag, V±W and ±Co in the lower B and C ho ri zons at Mouse
Moun tain and Shiko Lake most likely re flects de tri tal trans -
port in till of ma te rial from min er al ized bed rock. At Mouse
Moun tain, the re gional ice flow is from the south and, at
Shiko Lake, it is from the south east. Al though sam pling at
Mouse Moun tain has not been suf fi cient to de fine the ex -
tent of a till dis persal train, the soil sam pling at Shiko Lake,
cou pled with an ex am i na tion of re sults from a com pany till
pro gram, sug gest that dis persal trains are rel a tively short
and per haps less than 0.5 km. Levson (2001) re ported a dis -
place ment dis tance of less than 100 m for near-sur face geo -
chem i cal anom a lies in ar eas where the till thick ness was
less than 1 m, whereas the anom a lies in thicker till could be
dis placed more than 500 m from their bed rock source.
Given the re gional ice-flow di rec tion, the Cu-Au-V-Co
anom aly in the C ho ri zon south of Mouse Moun tain is in -
trigu ing be cause it sug gests a pres ently un known min eral
source to the south in Nicola Group rocks. Near Yorston
and Coy ote lakes, west of Soda Creek, the anom a lous Ni
val ues in soil are most likely caused by ultramafic rock
entrained in the till and transported from the Cache Creek
Group to the south.

A pro vi sional model is pro posed here for the trans port
of el e ments from bed rock into soil based on the geo chem i -
cal pat terns re vealed in the soil pro files. The lower B ho ri -
zon is a prod uct of the un der ly ing C ho ri zon (till), so the
geo chem is try of the lower B ho ri zon is most closely re lated
to this low er most ho ri zon. Re dis tri bu tion of el e ments in the 
up per B ho ri zon by soil-form ing pro cesses ex plains the
geo chem i cal dif fer ence be tween the up per and lower B ho -
ri zons. The up per B ho ri zon is the part of the soil pro file
where ad sorp tion of el e ments to sec ond ary min er als (e.g.,
Fe and Mn ox ides) is most ac tive. Hence, re agents that se -
lec tively re move metal bound to ox ide and other min er als
will be most ef fec tive for en hanc ing anom aly con trast and
for de tect ing sub tle geo chem i cal changes caused by the
pres ence of min er al ized ma te rial. Su per im posed on the soil
chem is try (that is re lated to dis persal of met als in till) may
be a sec ond ary sig na ture of near-ver ti cal mi gra tion of vol a -
tile el e ments such as halo gens or halo gen-metal com plexes
(Cook and Dunn, 2007). Fig ure 15 is a pro vi sional model
show ing the re la tion ship be tween these var i ous el e ment
dis per sion path ways. In the model, Cu, Ag, Au, W, V, Co,
Se and Hg from por phyry-style min er al iza tion be neath till
con trib ute to a de tri tal dis persal train down-ice from the
source of min er al ized ma te rial. The ver ti cal pro jec tion of
min er al ized subcrop onto the till layer is shown with the ex -
pected trace of vol a tile com po nents mi grat ing up ward from 
bed rock. Both of the pat terns are re flected in the lower B-
ho ri zon layer, but the soil anom aly re lated to till geo chem -
is try in the up per B ho ri zon is more dis persed and larger.
The model has not attempted to predict different element
patterns that might be expected in soil due the varying
mobility in response to changing soil pH.

CONCLUSIONS

• Anom a lous Cu and Au with Ag, V±W and ±Co in the C 
and lower B ho ri zons ap pears to re flect bed rock Cu-
Au min er al iza tion.

• Dif fer ences be tween lower and up per B-ho ri zon soil
chem is try have im pli ca tions for soil sam pling dur ing
rou tine geo chem i cal sur veys. The lower B ho ri zon
(gen er ally more than 20 cm be low the sur face lit ter ho -
ri zon) is more ef fec tive for de tect ing min er al ized bed -
rock dis persed in till, as it is the de riv a tive of this low -
er most ho ri zon. The shal low up per B ho ri zon,
how ever, is most com monly sam pled, even though
metal con cen tra tions in this ho ri zon are less re lated to
those in un der ly ing till (first de riv a tive of bed rock),
since they are more the re sult of var i ous soil-form ing
and hydromorphic pro cesses. The lower B and C ho ri -
zons and till are pre ferred for rou tine soil sur veys, pro -
vided that the gen e sis of the par ent gla cial ma te rial can
be in ter preted with con fi dence (in clud ing trans port di -
rec tion), and colour and texture variations down soil
profiles can be recognized in the field.

• A pro vi sional model for el e ment dis per sion from Au-
Cu por phyry min er al iza tion into soil pre sented here
dis tin guishes be tween geo chem i cal anom a lies that
could form by ice-trans ported ma te rial (i.e., de tri tal
trans port) and el e ments that may have mi grated as vol -
a tile com pounds. Fur ther sam ple anal y ses for el e ments 
and or ganic com pounds will fo cus on con firm ing this
model. Re sults of this re search will be pub lished as a
Brit ish Columbia Geological Survey GeoFile in 2008.
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Fig ure 15. Pro vi sional model for the trans port of el e ments from
min er al ized bed rock into soil.
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