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Introduction

The In te rior Pla teau re gion of cen tral Brit ish Co lum bia has
ex pe ri enced a ma jor out break of moun tain pine bee tle,
which has dec i mated pine for ests in the re gion caus ing a
sig nif i cant eco nomic down turn in for estry-de pend ent com -
mu ni ties (e.g., Abbott et al., 2009; Coops and Wulder,
2010; Woods et al., 2010; Wulder et al., 2010). Geoscience
BC’s Quesnellia Ex plo ra tion Strat egy (QUEST) Pro ject is
de signed to stim u late min ing ex plo ra tion and pro vide em -
ploy ment op por tu ni ties to those ad versely af fected by this
de cline in for estry jobs (e.g., Nelsen et al., 2010). The
QUEST Pro ject area has good po ten tial for Cu-Au por -
phyry and volcanogenic mas sive sul phide (VMS) min er al -
iza tion, but min eral ex plo ra tion ac tiv ity has been hin dered
in some ar eas due to the thick cover of surficial de pos its.
Re gional-scale till sam pling can be car ried out to as sess the
min eral po ten tial of ar eas cov ered with thick gla cial de pos -
its (Levson, 2001; McClenaghan et al., 2002; McClena -
ghan, 2005). De tailed in ves ti ga tions of till sam ples with el -
e vated or anom a lous val ues, at a re gional scale, can help
iden tify po ten tially min er al ized zones within cov ered bed -
rock units. The pre ferred sam pling me dium for till geo -
chem i cal sur veys is basal till, as it is com monly con sid ered
a first de riv a tive of bed rock (Dreimanis, 1989; Levson,
2001). Knowl edge of the gla cial his tory, spe cif i cally the
ice-flow his tory and dom i nant trans port di rec tion, is vi tal to 
the in ter pre ta tion of geo chem i cal sur vey data from the area.

The ob jec tive of this study is to use re gional-scale ma jor-,
mi nor- and trace-el e ment till geo chem i cal data (by in duc -
tively cou pled plasma–mass spec trom e try [ICP-MS] fol -
low ing aqua-regia di ges tion, in stru men tal neu tron ac ti va -
tion anal y sis [INAA], gold grain counts and heavy min eral

sep a ra tions) to iden tify min er al ized bed rock and pre dict
bed rock lithologies. These data will pro vide new ex plo ra -
tion tar gets and also pro vide geo log i cal con text for com pa -
nies to in ter pret their own geo chem i cal and geo log i cal
datasets. This pa per is a sum mary of a fu ture Geoscience
BC pub li ca tion that will in clude all data ta bles, sta tis ti cal
anal y sis and pro por tional dot maps of el e ments an a lyzed.
In the in ter ests of brev ity, data for some of the el e ments men -
tioned here are not shown.

Bedrock and Quaternary Geology
Background

The study area oc curs in the heart of the QUEST Pro ject
area, north west of the city of Prince George (Fig ure 1). The
ma jor ity of this area lies in the rel a tively low re lief area of
the In te rior Pla teau (Mathews, 1986), in clud ing its sub di vi -
sions, the Fra ser Ba sin and Nechako Pla teau. It is char ac ter -
ized by gla cial lake de pos its, drumlinized drift, and glacio -
fluvial outwash and esker de pos its (Holland, 1976).

Regional Quaternary Framework

The study area was re peat edly af fected by the Cordilleran
Ice Sheet over ap prox i mately the last two mil lion years
(Armstrong et al., 1965; Clague, 1989), the most re cent be -
ing dur ing the Fra ser gla ci ation. The ma jor sources of re -
gional ice that cov ered the study area ad vanced from ac cu -
mu la tion cen tres in the Coast, Skeena and Cariboo moun tains
(Tip per, 1971a, b; Levson and Giles, 1997; Plouffe, 1997,
2000; Fig ure 1). The ice-flow his tory of the study area was
de ter mined by com pil ing and com bin ing ice-flow in for ma -
tion from ex ist ing maps (Tip per, 1971a; Clague, 1998a, b;
Blais-Stevens and Clague, 2007), to gether with ob ser va -
tions made in the field (Sacco et al., 2010). Ice-flow in di ca -
tors mea sured in the field by Ward et al. (2009) and Sacco et 
al. (2010) were mainly microflow in di ca tors such as
grooves, striations and rat tails. The dom i nant ice flow
(Sacco et al., 2010; Fig ure 2) was de ter mined by com bin ing 
data from macroforms (drum lins, flut ings, stream lined bed -
rock) and mi cro forms (striations, grooves, rat tails). These
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data sug gest that it was mainly ice from the Coast Moun -
tains to the west and south, and to a lesser ex tent ice from
the Cariboo Moun tains, that cov ered the area. Lit tle in for -
ma tion ex ists on ice flow dur ing the gla cier’s ad vance into
the area, but it is likely that ice flowed east ward from the
Coast Moun tains and was sub se quently de flected to the
north east by in ter ac tion with ice flow ing north from
sources in the Coast and Car i bou moun tains to the south.
The dom i nant ice flow, and thus main sed i ment trans port,
was north east erly with mi nor de vi a tions to a more north -
erly di rec tion in the north and a more east erly di rec tion in
the south ern por tions of the study area. Eval u a tion of till
geo chem i cal anom a lies should con cen trate on these dom i -
nant flow di rec tions. Striation and till fab ric data in di cate
ice flow was more west erly dur ing deglaciation, which
would also in flu ence in ter pre ta tion of anom a lies. More in -
for ma tion on the gla cial his tory is given in Sacco et al.
(2010).

Regional Bedrock Framework

The study area strad dles four of the ter ranes that make up
the Ca na dian Cor dil lera (Cache Creek, Slide Moun tain,
Quesnel, Kootenay) while the most north east ern cor ner of
it ex tends into the Rocky Moun tain as sem blage (Fig ure 2).
A com plex as sem blage of in tru sive and ex tru sive rocks of
the Slide Moun tain terrane oc curs in the east. The Cache
Creek terrane is com posed of Penn syl va nian and Perm ian
lime stone in the south west ern por tion of the study area,
with bas alts oc cur ring just to the south. The Rocky Moun -
tain as sem blage in the north east ern cor ner of the study area
com prises Si lu rian to De vo nian sand stone and quartz ite.
The Quesnel terrane dom i nates the study area and is com -
posed pri mar ily of Late Tri as sic to Early Ju ras sic arc vol ca -
nic rocks of the Witch Lake suc ces sion and volcaniclastic
rocks of the Cot ton wood River suc ces sion, both part of the
Nicola Group (Lo gan et al., 2010). The Nicola Group was

74 Geoscience BC Sum mary of Ac tiv i ties 2010

Fig ure 1. North ern Brit ish Co lum bia with dom i nant ice-flow di rec tions (shown by the black ar rows and short black lines) for the Late
Wisconsinan Fra ser gla ci ation (mod i fied from Stumpf et al., 2000). Light blue ar eas in di cate the ap prox i mate dis tri bu tion of deglacial lake
sed i ments, which can be a hin drance to drift pros pect ing. Red dashed line de lin eates the study area, which is shown in de tail in Fig ure 2.
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Fig ure 2. Ma jor bed rock geo log i cal units of the study area, cen tral Brit ish Co lum bia (mod i fied from Struik, 1994 and Lo gan et al., 2010). Also shown are
min eral oc cur rences for dif fer ent com mod ity types (af ter BC Geo log i cal Sur vey, 2010) and the dom i nant ice-flow di rec tion (light-col oured ar rows; af ter
Sacco et al., 2010).



pre vi ously re ferred to as the Takla Group (Struik, 1994),
fol low ing first us age. It was cor re lated with Takla Group
rocks to the west within the Stikine terrane. The Nicola
Group com prises: a) mainly ba saltic to dacitic volcaniclas -
tic rocks and sub or di nate co her ent vol ca nic rocks, each
with augite-por phyry tex tures (par tic u larly char ac ter is tic
of the Quesnel terrane), which form an east ern fa cies of al -
ka line to subalkaline augite-phyric ba saltic an de site; b) co -
eval and partly comagmatic plutons rang ing from calcalka -
line (in the west) to al ka line (in the east); and c) sedimen-
tary rocks, including shale, limestone and epiclastic
deposits.

Stratigraphically over ly ing these ter ranes are a se ries of over -
lap as sem blages rang ing from Up per Cre ta ceous to Mio -
cene sed i men tary rocks and Cre ta ceous to Plio cene vol ca -
nic rocks. The lat ter in cludes the dom i nantly Mio cene Chil -
cotin bas alts and Eocene fel sic vol ca nic rocks. In tru sive
rocks, paragneiss and metasedimentary rocks of the Wol -
ver ine meta mor phic com plex were ex posed dur ing Eocene
ex ten sion. The meta mor phism and plutonism oc curred in
the late Cre ta ceous and Paleogene, and the protolith for the
paragneiss and metasedimentary rocks are likely Pre cam -
brian and Early Pa leo zoic (Struik, 1994). Re cent com pi la -
tion has as signed these rocks to the Kootenay terrane (Lo -
gan et al., 2010).

Within the study area, the BC Min is try of For ests, Mines
and Lands min eral in ven tory da ta base (MINFILE; BC
Geo log i cal Sur vey, 2010) lists twelve Cu show ings, six Au
show ings, one plat i num group el e ments (PGE) show ing,
two Hg show ings and two past-pro duc ing Au and Pt de pos -
its (Figure 2).

The two past pro duc ers are the McDougall River and Mc -
Leod River placer de pos its (MINFILE 093J  007, 093J  012;
BC Geo log i cal Sur vey, 2010). Both de pos its oc cur in the
north east ern part of the study area, un der lain pri mar ily by
Mis sis sip pian Slide Moun tain Group. Cariboo North ern
De vel op ment Co. Ltd. and North ern Reef Gold Mines Ltd.
worked the McDougall River placer min er al iza tion from
around 1931 to 1935, with to tal pro duc tion of ap prox i -
mately 1750 g (62 oz.). From 1981 to pres ent, the area has
re ceived re newed in ter est, in clud ing heavy min eral, soil,
silt and rock sam pling; geo log i cal map ping; air borne very
low fre quency (VLF) and mag ne tom e ter sur veys; and ground
VLF and mag ne tom e ter sur veys by a va ri ety of com pa nies.
At McDougall River, Au and Pt were ex tracted from shal -
low gravel de pos its on both banks of the river, with ad di -
tional clasts re trieved from cracks and crev ices in the bed -
rock. Lo cal sheared rocks and quartz veins may be the
source of the placer Au and PGE. Heavy min eral sam ples
have yielded high Au and Ag con tents, and many of the
placer Au grains re cov ered are an gu lar to wiry, con sis tent
with min i mal trans port from a lo cal bed rock source. The

co in ci dent elec tro mag netic (EM) and mag netic anom a lies
could rep re sent the lo cal source for Au.

The two Hg show ings (Mount Prince South east and North -
west, MINFILE 093J  010, 093J  011) in the south west ern
part of the study area are as so ci ated with the Pinchi fault.
Both show ings are char ac ter ized by small vol umes of cin -
na bar hosted by car bon ate-al tered and sheared Takla Group 
mafic vol ca nic rocks, com monly as so ci ated with quartz
string ers. Most of the other min eral show ings in the study
area are small with min i mal as so ci ated exploration activity.

Mount Milligan is a Cu-Au por phyry de vel oped pros pect
(MINFILE 093N  194) to the north west of the study area in
the Quesnel terrane. In this area, Tri as sic to Lower Ju ras sic
vol ca nic and sub or di nate sed i men tary rocks of Nicola
Group are in ter preted to be the ex tru sive phase of the
Hogem in tru sive suite. Many Cu-Au min eral show ings are
as so ci ated with the Hogem batholith and smaller co eval in -
tru sions. The Nicola Group in the Mount Milligan area is
in for mally sub di vided into a lower, pre dom i nantly sed i -
men tary Inzana Lake suc ces sion, and an up per, pre dom i -
nantly volcaniclastic Witch Lake suc ces sion. The Witch
Lake suc ces sion hosts the Mount Milligan de posit, and is
char ac ter ized by augite-phyric volcaniclastic and co her ent
ba saltic an de site, with sub or di nate epiclastic beds. Re -
gional map ping and petrographic stud ies in the Mount
Milligan area in di cate that the Witch Lake ba saltic an de site
and as so ci ated sed i men tary rocks have been sub jected to
strong potassic al ter ation up to 4 km from the de posit.
Witch Lake suc ces sion vol ca nic rocks were in truded by
syn- and post-depositional gabbro, diorite, granodiorite,
monzonite and syenite (Logan et al., 2010).

Field and Analytical Methods

Field Sampling

Basal till sam ples were col lected at a to tal of 712 sites.
Basal till in this area is a dense, dark grey, ma trix-sup ported
diamicton and is com posed of 25–40% gravel-sized ma te -
rial (clasts) with a typ i cally sandy silt ma trix. Over all sam -
ple den sity is about 1 sam ple/7.5 km2 but there are some
zones with no sam ples and some zones with higher den sity.
In some ar eas, sam pling was not pos si ble be cause of road
de ac ti va tion or lack of roads, and/or a lack of suit able sam -
ple me dia, such as in ar eas of eolian, glaciofluvial and glac -
io lacustrine de pos its. In ad di tion, no sam pling oc curred with -
in Carp Lake Pro vin cial Park (Fig ure 2).

The sam pling re gime in cluded col lect ing three sep a rate
sam ples, ap prox i mately 800–900 g each, at each sam ple
site for: a) anal y sis of the clay-sized (here af ter re ferred to as 
clay) frac tion by aqua-regia di ges tion fol lowed by in duc -
tively cou pled plasma–mass spec trom e try (ICP-MS) at
Acme An a lyt i cal Lab o ra to ries Ltd. (Van cou ver, BC); b)
anal y sis of the clay plus silt–sized (here af ter re ferred to as
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clay+silt) frac tion by in stru men tal neu tron ac ti va tion anal -
y sis (INAA) at Ac ti va tion Lab o ra to ries Inc. (Ancaster, On -
tario); and c) ar chiv ing at the Geo log i cal Sur vey of Can ada
(GSC). In ad di tion, at ev ery 4–5 sites, a >10–15 kg sam ple
was col lected for heavy min eral sep a ra tion and gold grain
counts. The heavy min eral sep a ra tions and counts were
con ducted at Over bur den Drill ing Man age ment Lim ited
(Nepean, On tario). The <0.25 mm frac tion of the heavy
min eral con cen trates were then analyzed by INAA at Bec -
querel Laboratories Inc. (Mississauga, Ontario).

Analytical Methods

The clay+silt frac tion of till sam ples (on av er age, 24 g of
ma te rial was used) were an a lyzed for 35 el e ments by INAA
(1D En hanced) at Ac ti va tion Lab o ra to ries Ltd. The INAA
method has been de scribed pre vi ously by Hoffman (1992)
and de tails of the pro ce dure can be found in Ac ti va tion
Lab o ra to ries Ltd. (2010). The fol low ing de scrip tion sum -
ma rizes the pro ce dure. An aliquot and an in ter nal stan dard
(one for ev ery eleven sam ples) are ir ra di ated with flux
wires at a ther mal neu tron flux of 7 x 1012 n·cm-2·s-1. Af ter a
seven-day de cay, the sam ples are counted on a high pu rity
Ge de tec tor. Us ing the flux wires, the de cay-cor rected ac -
tiv i ties are com pared to a cal i bra tion. The stan dard in -
cluded is only a check on ac cu racy and is not used for cal i -
bra tion pur poses. From 10 to 30% of the sam ples are
re checked by remeasurement. For all analytes, ex cept Au, a 
1 g aliquot is used. For Au a 30 g size, if available, is used.

Sam ples were pro cessed to ex tract the clay at Acme An a lyt -
i cal Lab o ra to ries Ltd. (Van cou ver, BC). Typ i cally, be tween 
0.5 and 0.8 kg of till were pro cessed, which yielded ap prox -
i mately 5 g of clay, on av er age. The clay splits were an a -
lyzed by ICP-MS for 36 el e ments (1DX) fol low ing leach -
ing in a hot (95°C) aqua-regia di ges tion. Up to 5 g of clay is
pro cessed to over come nugget effects for Au.

Heavy min eral con cen trates (HMC) were sep a rated on
large till sam ples at Over bur den Drill ing Man age ment
Lim ited. A to tal of 122 sam ples of 10–15 kg were panned
for gold grains, plat i num group met als (PGM) and uran -
inite. Bulk sam ples were disaggregated, fol lowed by sep a -
ra tion of the >2 and <2 mm frac tions. The <2 mm frac tion is
then pre-con cen trated on a shak ing ta ble, with the
<0.25 mm frac tion sub se quently sep a rated us ing heavy liq -
uid (spe cific grav ity of 3.2 g/cm3). Panned Au, uraninite
and PGM are then ex am ined un der op ti cal mi cro scope to
pro vide grain counts as well as grain mor phol ogy. More de -
tailed de scrip tions of the meth ods are pro vided in Averill
(2001) and McClenaghan et al. (2002). Sul phide and cin na -
bar grains were also counted, al though where the number of 
grains was >20, these counts are estimates.

The se lected re sults of the anal y ses are dis cussed be low;
those el e ments with the most sig nif i cance to po ten tial min -
er al iza tion in this pro ject area are dis cussed. A fu ture Geo -

science BC pub li ca tion will in clude all of the data for all of
the elements analyzed.

To quan tify the ac cu racy and pre ci sion of these an a lyt i cal
data, a com bi na tion of field du pli cates, an a lyt i cal du pli -
cates and ref er ence stan dards are used. For ev ery 20 sam -
ples col lected in the field, one field du pli cate is col lected,
one an a lyt i cal du pli cate is split and in serted into the sam ple
se quence at the lab, and one ref er ence stan dard (ei ther an
in-house BCGS stan dard or a cer ti fied Can ada Cen tre for
Min eral and En ergy Tech nol ogy [CANMET] stan dard) is
in serted. For the aqua-regia di ges tion fol lowed by ICP-MS
method, pre ci sion for most analytes is <5% rel a tive stan -
dard de vi a tion (RSD) at 10 times the de tec tion limit. Closer
to the de tec tion limit, most analytes still have RSD val ues
of <10%. Sim i larly, for analytes above the de tec tion limit,
the INAA data are gen er ally very good with precision gen -
er ally <5% RSD, and accuracy generally <3%, except W at
5%.

Results

Au, As, Ag and Hg Contents

Gold con tents in the clay frac tion show clearly anom a lous
val ues around the 98th per cen tile (10 ppb), al though there is
also a sub tle change in slope around the 90th per cen tile, or
8 ppb (Fig ure 3a). Gold con tents in the clay frac tion range
from less than de tec tion (0.5 ppb) to 294 ppb (av er age =
5.1 ±11 ppb, n = 704). For the clay+silt frac tion, anom a lous
Au con tents oc cur above the 80th per cen tile (~8 ppb; Fig ure
3a); most sam ples be low this thresh old were be low the de -
tec tion limit by this method (2 ppb). In the clay+silt frac -
tion, Au con tents range up to 635 ppb. Anom a lous Au con -
tents oc cur in the north east ern and north west ern parts of the 
map area for both size frac tions, largely co in ci dent with
known Au show ings (Fig ures 4a, b). There are also anom a -
lous Au con tents, in par tic u lar in the clay+silt frac tion, to
the south, and to a lesser ex tent, to the east of Carp Lake.
There are no known Au show ings here. Gold shows the best 
correlation with Cu (r = 0.410).

Ar senic is typ i cally con sid ered a path finder el e ment for
Au. In this study, thresh old As con tents in till are ~32 and
26 ppm, at the 95th and 98th per cen tiles for the clay and
clay+silt frac tions, re spec tively (Fig ure 3a). Ar senic con -
tents are anom a lous in both the north east ern and north west -
ern sec tions of the study area (Fig ures 4c, d), largely co in ci -
dent with Au anom a lies. How ever, As con tents do not
ap pear to be anom a lous south of Carp Lake; in con trast,
there are mod er ately anom a lous As con tents in the west-
cen tral part of the study area, pri mar ily in the clay+silt frac -
tion. Au and As show a mod er ately pos i tive cor re la tion (r =
0.372) for the clay frac tion based on the R-mode fac tor
anal y sis, sta tis ti cally sig nif i cant at the 99.9% con fi dence
in ter val. By con trast, the cor re la tion be tween As and Au for 
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Fig ure 3a. Cu mu la tive prob a bil ity plots for Au, As, Ag, Hg, Cu, Pb, Mo and Sb, an a lyzed by aqua-regia di ges tion fol lowed by in -
duc tively cou pled plasma–mass spec trom e try (ICP-MS) on the clay-sized frac tion and/or in stru men tal neu tron ac ti va tion anal y sis 
(INAA) on the clay plus silt–sized frac tion. Anom a lous metal con cen tra tions typ i cally oc cur around the 90 to 95th per cen tiles,
where there is a change in slope on the prob a bil ity plot.
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Fig ure 3b. Cu mu la tive prob a bil ity plots for Cd, Bi, Zn, Mn, La, Ni, Cr and Co, an a lyzed by aqua-regia di ges tion fol lowed by in duc -
tively cou pled plasma–mass spec trom e try (ICP-MS) on the clay-sized frac tion and/or in stru men tal neu tron ac ti va tion anal y sis
(INAA) on the clay plus silt–sized frac tion. Anom a lous metal con cen tra tions typ i cally oc cur around the 90 to 95th per cen tiles,
where there is a change in slope on the prob a bil ity plot.
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Fig ure 4. Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia: a) Au con tents (clay-sized frac tion) by in duc tively cou pled plasma–mass spec -
trom e try (ICP-MS) and b) Au con tents (clay plus silt–sized frac tion) by in stru men tal neu tron ac ti va tion anal y sis (INAA). Size of dots are pro por tional to the con tent. Data are over laid on the
bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 4 (con tin ued). Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia: c) As con tents (clay-sized frac tion) by ICP-MS and d) As con tents
(clay plus silt–sized frac tion) by INAA. Size of dots are pro por tional to the con tent. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 4 (con tin ued). Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia: e) Ag con tents (clay-sized frac tion) by ICP-MS and f) Hg con tents
(clay-sized frac tion) by ICP-MS. Size of dots are pro por tional to the con tent. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 4 (con tin ued). Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia: g) Cu con tents (clay-sized frac tion) by ICP-MS and h) Mo con tents
(clay-sized frac tion) by ICP-MS. Size of dots are pro por tional to the con tent. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 4 (con tin ued). Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia: i) Sb con tents (clay-sized frac tion) by ICP-MS and j) Pb con tents
(clay-sized frac tion) by ICP-MS. Size of dots are pro por tional to the con tent. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 4 (con tin ued). Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia:  k) Bi con tents (clay-sized frac tion) by ICP-MS and l) Zn con tents
(clay-sized frac tion) by ICP-MS. Size of dots are pro por tional to the con tent. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 4 (con tin ued). Pro por tional dot maps of se lected el e ments from till geo chem i cal anal y ses, cen tral Brit ish Co lum bia: m) Cd con tents (clay-sized frac tion) by ICP-MS and n) Cr con tents
(clay-sized frac tion) by ICP-MS. Size of dots are pro por tional to the con tent. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.



the clay+silt frac tion is poor (r = 0.112), despite the evident
spatial association (Figures 4b, d).

Sil ver con tents for the clay frac tion range from less than de -
tec tion (0.1 ppm) to 1.1 ppm (av er age  =  0.21 ±0.14 ppm,
n = 520), with anom a lous val ues >0.5 ppm (~95th per cen -
tile; Fig ure 3a). Sil ver shows a mod er ately pos i tive, sta tis ti -
cally sig nif i cant cor re la tion (r = 0.313) with Au, with
anom a lous val ues in the north east ern and north west ern
parts of the study area (Fig ure 4e), be ing co in ci dent with
the Au anom a lies. Sil ver for the clay+silt frac tion was be -
low the 5 ppm detection limit for all samples.

Mer cury was only de tected in the clay frac tion, al though
heavy min eral con cen trate data (see be low) in di cates many
sam ples have sig nif i cant quan ti ties of cin na bar grains. In
the clay frac tion, Hg ranges from 0.02 to 1.0 ppm (av er age
= 0.29 ±0.13 ppm). In the cu mu la tive fre quency plot there
are no ma jor breaks in slope, con sis tent with a close to nor -
mal dis tri bu tion (Fig ure 3a). Set ting the thresh old at the
95th per cen tile (0.51 ppm), anom a lous Hg con tents oc cur in
the west-cen tral por tion of the study area (Fig ure 4f), north
of the two known Hg show ings. Sev eral till sam ples are
also anom a lous in Hg in the ar eas with Au, As and Ag
anomalies in the north east ern and north west ern parts of the
study area. Mer cury val ues do not, how ever, cor re late well
with Au val ues (r = 0.083), but do correlate moderately
with As values (r = 0.360).

Cu, Mo and Sb Contents

Cop per was an a lyzed only for the clay frac tion sam ples and
ranges from 33 to 408 ppm (av er age = 125 ±38 ppm). Based 
on the cu mu la tive prob a bil ity plot, Cu con tents in the clay
frac tion are anom a lous at the 90th per cen tile (165 ppm; Fig -
ure 3a). Anom a lous Cu con tents oc cur in the north west ern
cor ner of the study area, with smaller anom a lies in the
north east ern cor ner (Fig ure 4g). There is a pos i tive con cen -
tra tion cor re la tion be tween Cu and a num ber of other
analytes such as Fe (r = 0.712), Sc (r = 0.654), V (r = 0.656),
As (r = 0.538), Au (r = 0.410), Co (r = 0.341) and Mo (r =
0.313). These el e ment as so ci a tions in di cate that Cu in the
clay frac tion of the till in the north west ern and north east ern
parts of the study area is associated with Cu-Au
mineralization.

Mo lyb de num was an a lyzed for both size frac tions. All clay
sam ples re turned Mo con tents above the de tec tion limit,
rang ing from 0.3 to 12 ppm (av er age = 1.74 ±1.12 ppm). By 
con trast, the clay+silt frac tion had only 132 sam ples above
de tec tion limit (1 ppm), rang ing from 3 to 28 ppm. For the
clay frac tion, the anom a lous thresh old is around the 97th

per cen tile (3.5 ppm; Fig ure 3a), whereas for the clay+silt
frac tion, all sam ples with de tect able Mo can be con sid ered
anom a lous at the 85th per cen tile (≥3 ppm; Fig ure 3a). The
two size frac tions show dif fer ent spa tial re la tion ships. For
the clay frac tion, anom a lous Mo con tents oc cur mainly in

the north east ern sec tion of the study area; Mo con tents are
not anom a lous in the north west ern sec tion (Fig ure 4h). The
high est Mo con tent is for a sam ple in the west-cen tral part
of the study area. By con trast, the clay+silt frac tion has
anom a lous Mo con tents scat tered over much of the study
area, with the most con sis tently el e vated con tents in the
east-cen tral and south ern ar eas. No ta bly, Mo con tents in the 
clay+silt frac tion are be low de tec tion for the north west ern
area where high Cu, Au and As val ues oc cur.

An ti mony was mea sured for both size frac tions, with clay
con tents rang ing from 0.1 to 5.6 ppm (av er age = 0.80
±0.48 ppm), and clay+silt con tents rang ing from 0.5 to
13.1 ppm (av er age = 1.84 ±0.87 ppm). Thresh old val ues are 
around the 95th per cen tile for both frac tions, at 1.5 and
2.7 ppm for the clay and clay+silt frac tions, re spec tively
(Fig ure 3a). Spa tially, the two size frac tions show sim i lar
dis tri bu tions, with the most anom a lous con tents oc cur ring
in the north east ern sec tion of the study area (Fig ure 4i).

Pb, Bi, Zn and Cd Contents

Lead was only an a lyzed in the clay frac tion, and ranges from
6.6 to 64 ppm (av er age = 14.7 ±5.2 ppm). Lead shows a
near nor mal dis tri bu tion, al though there is a sub tle in flec -
tion in the cu mu la tive prob a bil ity plot near the 85th per cen -
tile (Fig ure 3a); set ting the thresh old value at the 95th per -
cen tile gives anom a lous Pb at >24 ppm. The stron gest
cor re la tions with Pb are shown by K (r = 0.591), La (r =
0.501), Bi (r = 0.668), Th (r = 0.720) and U (r = 0.621). The
spa tial dis tri bu tion of anom a lous Pb con cen tra tions is dis -
tinct from the other ore-re lated el e ments, with the high est
Pb con tents in the north-cen tral part of the map area, be -
tween the north east ern and north west ern ar eas that are
anom a lous in Au, Cu and As (Fig ure 4j). Bis muth (Fig ure
4k) shows a sim i lar spa tial dis tri bu tion to Pb, along with U,
Th and the rare earth el e ments (REE). Bis muth ranges from
less than de tec tion (0.1 ppm) to 2.7 ppm (av er age = 0.33
±0.26 ppm), with a thresh old around the 95th per cen tile
(0.8 ppm; Fig ure 3b).

Zinc con tents were an a lyzed in both size frac tions and Cd
was only an a lyzed in the clay frac tion. Zinc con tents in clay 
range from 83 to 531 ppm (av er age = 185 ±42 ppm) com -
pared to 60 to 400 ppm in clay+silt (av er age = 167 ±49 ppm,
with around 280 sam ples be low de tec tion). Cad mium
shows sim i lar spa tial dis tri bu tion to Zn, and ranges from
0.1 to 4.0 ppm (av er age = 0.75 ± 0.48 ppm). Both met als
show the larg est anom a lies (thresh old at the 95th per cen tile
= 245 ppm Zn for clay, 250 ppm Zn for clay+silt and
1.6 ppm Cd for clay; Fig ure 3b) along the east ern side of the
map area (Fig ure 4l, m), al though Cd also shows sev eral
anom a lous val ues in the west-cen tral por tion of the study
area. Both Zn and Cd have strong pos i tive cor re la tions with
Mo (r = 0.743 and 0.586, re spec tively), As (r = 0.421 and
0.364, re spec tively) and Sb (r = 0.464 and 0.334, re spec -
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tively), as well as with each other (r = 0.719). Al though Zn
cor re lates poorly with ma jor el e ments, Cd is strongly cor re -
lated with Ca (r = 0.595).

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

REE (La, Ce, Nd, Sm, Eu, Yb), U, Th, K, Ca, Mg, Na, Ni
and Cr broadly show spa tial re la tion ships that are con sis -
tent with changes in the dom i nant un der ly ing bed rock li -
thol ogy (e.g., Fig ure 4n). Thus in com pat i ble el e ments (i.e.,
REE, U, Th, K, Hf), which are usu ally as so ci ated with
mafic alkalic rocks, are el e vated in the north ern part of the
study area where mafic alkalic rocks oc cur. In the large
HMC sam ples from this area of the map, >33% of the clasts
that are >2 mm are granitoid, in di cat ing a greater prev a -
lence of alkalic vol ca nic rocks and as so ci ated late-stage in -
tru sive rocks. Con versely, whereas Co shows a strong cor -
re la tion with Mn in the clay frac tion, Cr and Ni, which are
strongly ad sorbed by Mn ox ides and oxyhydroxides
(Nichol son and Eley, 1997; Leybourne et al., 2003), show
dis tri bu tion pat terns that fol low the ma jor mafic vol ca nic
bed rock units in the southern part of the study area (Fig -
ure 4n).

Heavy Mineral Concentrates:
 Au, Pyrite and HgS

All till sam ples pro cessed for heavy min er als (n = 122) con -
tain vis i ble Au. The num ber of Au grains per ~10 kg of sam -
ple ranges from 1 to 91 (Fig ure 5a) and the cal cu lated Au
con tents range from 1 to 4883 ppb (Fig ure 5b). Gold grains
were clas si fied on the ba sis of size and mor phol ogy. Gold
grain morphologies are sub di vided into three groups: pris -
tine, mod i fied and re shaped, based on the clas si fi ca tion
scheme of Dilabio (1990). The ma jor ity of Au grains in this
study are clas si fied as re shaped (1098 of a to tal of 1347
grains or 81.5%), with less com mon mod i fied grains (15%)
and rare pris tine grains (3.5%). The thresh old value for the
to tal num ber of Au grains is around 12 to 15 (80–85th per -
cen tile), based on changes in slope of a probability dis tri b u -
tion.

Al though they are only es ti mates, grain counts of py rite and 
cin na bar are use ful. Py rite counts range from zero to a high
of ~10 000 grains. Most of the till sam ples with el e vated py -
rite grain counts (where anom a lous val ues are ap prox i -
mately >50 grains) oc cur in the east ern and south ern parts
of the study area (Fig ure 5c), dis tinctly south of the area
with anom a lous metal val ues (north east ern cor ner of the
study area; Fig ures 4a–i, k–m). By con trast, cin na bar
counts range from 0 to 400, with anom a lous cin na bar grain
counts (ap prox i mately >60 grains) in the west ern part of the 
study area, with a trend of de creas ing values to the south -
east (Figure 5d).

Till Geochemical Exploration

Epigenetic Au-Cu Mineralization

In the north east ern part of the study area, there are a num ber 
of Au and Cu-Au show ings, as well as two small past-pro -
duc ing placer de pos its (dis cussed pre vi ously). Gold re cov -
ered from the placer de pos its was de scribed as wiry to an -
gu lar (MINFILE 093J  007), sug gest ing that the placer gold 
had not been trans ported far from source. Sam ples of the
clay frac tion were an a lyzed by aqua-regia di ges tion fol -
lowed by ICP-MS, whereas the silt+clay frac tion was an a -
lyzed by INAA, thus the ICP-MS re sults will be less bi ased
by the nug get ef fect. Gold in the clay frac tion oc curs ei ther
as clay-sized gold grains, most likely a re sult of gla cial
comminution and/or small-scale hydromorphic gold dis -
per sion and ad sorp tion to clay and oxyhydroxide min eral
sur faces in the clay frac tion. Other than a small num ber
(~3) of highly anom a lous Au val ues in the ICP-MS re sults,
there is a rel a tively strong cor re la tion (r = 0.410) be tween
Cu and Au; this sug gests that much of the Au is as so ci ated
with Cu-sul phide min er als. The path finder el e men tal as so -
ci a tions de ter mined here (Sb, As, Se, Tl, Cd, Zn) are con sis -
tent with this style of min er al iza tion. This as so ci a tion is co -
her ent with de scrip tions of many of the show ings in the
north east ern sec tion of the study area; show ings of quartz
veins with Cu±Au, Ag and/or PGE (MINFILE 093J  007,
093J  012, 093J  027, 093J  037), likely of epigenetic or i gin.
The main clus ter of till sam ples with anom a lous val ues is
es sen tially spa tially co in ci dent with many of the showings.
The dominant ice flow towards the northeast can be used
for further prospecting.

Porphyry Cu-Au

There is po ten tial for por phyry Cu-Au–style min er al iza tion 
in the study area based on the pres ence of the Mount
Milligan por phyry Cu-Au de vel oped pros pect in cor re la -
tive rocks to the north west of the study area. The till geo -
chem i cal data shows el e vated val ues of Cu and Au and a
num ber of path finder el e ments (e.g., As, Hg, Sb) in the
north west ern part of the study area (Fig ures 4a, b, c, d, f, g,
i). These anom a lous till sam ples strongly in di cate sources
of min er al iza tion up-ice, to wards the south west. There are
a num ber of Cu and Cu-Au show ings co in ci dent and up-ice
of this area of el e vated geo chem i cal val ues (Fig ure 2). At
the Tsil show ing (MINFILE 094C 180), in the north west -
ern cor ner of the study area, there are re ports of out crops of
in ter me di ate hornblende and feld spar por phy ritic rocks ex -
hib it ing quartz-car bon ate al ter ation with py rite, pyrrhotite
and rare chal co py rite veins. The main clus ter of Cu and Au
anom a lies in the north west ern part of the study area di rectly 
overlie the main cluster of Cu and Au showings in this area
(Figure 2).
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Fig ure 5. Pro por tional dot maps for a) gold grain counts from heavy min eral con cen trates from 10 kg till sam ples, cen tral Brit ish Co lum bia. Also pre sented are b) cal cu lated gold con tents (ppb) 
of heavy min eral con cen trates, which are based on gold grain counts. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2.
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Fig ure 5 (con tin ued). Pro por tional dot maps for c) py rite and d) cin na bar grain counts from heavy min eral con cen trates from 10 kg till sam ples, cen tral Brit ish Co lum bia. Data are over laid on
the bed rock ge ol ogy map pre sented in Fig ure 2.



Volcanogenic Massive Sulphide Deposits

VMS de pos its oc cur to the south east and to the north west of 
the study area along the trend of the ma jor bed rock units.
There should be sig nif i cant po ten tial for VMS min er al iza -
tion in the study area, even though there are no VMS show -
ings or de pos its listed in MINFILE. How ever, this study in -
di cates there is rel a tively lit tle spa tial cor re la tion be tween
the ma jor met als as so ci ated with VMS min er al iza tion.
Lead anom a lies are clearly dis tinct from both Cu and Zn.
The rel a tively low Pb con tents in the till in the study area,
com pared to other ar eas of VMS de pos its (cf., Hall et al.,
2003; Parkhill and Doiron, 2003), could be related to three
factors:

· Given the pre pon der ance of mafic vol ca nic rocks in this
part of BC, VMS min er al iza tion, if pres ent, would
likely be lead-poor given the gen er ally ju ve nile na ture
of the source of the vol ca nic rocks (Smith et al., 1995;
Patchett and Gehrels, 1998; Dostal et al., 1999; Erdmer
et al., 2002; Ross et al., 2005). Also, VMS de pos its as so -
ci ated with ocean floor and oce anic arc set tings are lead-
poor com pared to those as so ci ated with con ti nen tal mar -
gins (Frank lin et al., 1981; Gal ley et al., 2007).

· Only the clay frac tion was an a lyzed for Pb, by aqua-
regia di ges tion fol lowed by ICP-MS, and it is pos si ble
that Pb is pres ent in a less la bile form or in a coarser size
frac tion.

· It is pos si ble that the thick till units of the study area
have di luted the geo chem i cal sig na ture of un der ly ing
bed rock lithologies re sult ing in sub dued anom a lies for
metals.

There is still po ten tial for VMS-style min er al iza tion in the
study area. The gen eral lack of spa tial cor re la tion be tween
anom a lous Cu and Zn may sim ply be a func tion of VMS-
related Cu anom a lies be ing masked by greater Cu abun -
dances as so ci ated with por phyry Cu-Au and epigenetic
Au-Cu min er al iza tion. Zinc shows poor cor re la tions with
Ni, Cr and Mg in di cat ing that anom a lous Zn con tents in the
till are not sim ply a func tion of weath er ing of mafic vol ca -
nic rocks. In ad di tion to anom a lous Zn along the east ern
por tion of the study area (Fig ure 4l), there are co in ci dent
anom a lies for Cd, Bi and Tl, sug gest ing the po ten tial for
con cealed, pres ently un rec og nized, Zn min er al iza tion. The 
HMC sam ples with the high est py rite grain counts are also
from the east-cen tral part of the map area (Fig ure 5c), fur -
ther sug gest ing the pres ence of VMS-style min er al iza tion
in this area. More de tailed work fol low ing up the source of
anom a lous pyrite grain counts and Zn, Cd, Bi and Tl
contents in the till is warranted.

Mercury

Pinchi Lake mer cury mine (MINFILE 093K  049) is lo -
cated on the Pinchi fault ap prox i mately 45 km to the north -
west of the two Hg oc cur rences in the south west ern por tion

of the study area (Fig ure 2). The Pinchi Lake mine op er ated
from 1940 to 1944 and 1968 to 1975, and was one of only
two mer cury-pro duc ing mines in Can ada (Plouffe, 1998).
The two Hg show ings within the study area are as so ci ated
with the ex ten sion of the Pinchi fault, but anom a lous cin na -
bar counts and Hg con tents in the clay frac tion are not spa -
tially as so ci ated with these show ings (Fig ures 4f, 5d). El e -
vated cin na bar grain counts oc cur to the north of the show ings,
sug gest ing ad di tional sources of fault-as so ci ated Hg min -
er al iza tion up-ice from the cin na bar grains. Mod er ately el -
e vated Hg in the clay frac tion also oc curs in the area of high
cin na bar grain counts. Fol low-up work that in cludes an
anal y sis of the clay+silt frac tion us ing an an a lyt i cal method 
with lower de tec tion lim its for Hg is war ranted.

Cluster Analysis

A k-means clus ter anal y sis was per formed on the geo chem -
i cal re sults from the clay frac tion of the till sam ples (Fig -
ure 6). Clus ter anal y sis helps to iden tify nat u ral group ings
of geo chem i cal data that may not be eas ily ev i dent from
man ual iden ti fi ca tion (cf., Grunsky, 2010). It is a way of
see ing el e men tal as so ci a tions in a spa tial con text. K-means
clus ter ing is a method of par ti tion ing n ob ser va tions into k
clus ters, based on min i miz ing the sum of the squares from
the mean within each clus ter, sim i lar to prin ci ple com po -
nent anal y sis. In this anal y sis, data clus ters are plot ted as
col our sym bols for two, three, five and seven clus ters; k-
means clus ter anal y sis re quires in de pend ent es ti mates of
the num ber of clus ters. The k-means clus ter ing was per -
formed us ing the fol low ing el e ments: Mo, Cu, Pb, Zn, Ni,
Co, Mn, Fe, As, U, Au, Sr, Cd, Sb, V, Th, Ca, La, Cr, Mg,
Ba, Al, Na, K, Sc and Hg. These anal y ses graph i cally dem -
on strate the spa tial as so ci a tions de scribed above and re flect 
dif fer ences in the bed rock ge ol ogy and their po ten tial styles 
of min er al iza tion. Two clus ters broadly di vides the study
area into a north ern third and a south ern two-thirds. This
two clus ter sub di vi sion cor re lates well with the till sam ples
in the north hav ing higher Cu, Au, As, Hg, Sb, Ti, V, Hf,
REE, U, Th and Pb (blue squares, Fig ure 6a) and till sam -
ples in the south ern two-thirds hav ing higher Ca, Mg, Cr
and Ni (green diamonds, Fig ure 6a). As the num ber of clus -
ters is in creased, there is an in crease in co her ent data clus -
ters that cor re spond to many of the el e ment re la tion ships,
and po ten tial styles of min er al iza tion, dis cussed above.
Thus, for five and seven clus ters (Fig ures 6c, d), the anal y -
sis clearly sep a rate tills in north west ern part of the study
area that are el e vated in Cu-Au (green di a monds, Fig ure 6c; 
solid blue squares, Fig ure 6d), from tills of the north east ern
part that are el e vated in Cu-Au-Mo-Ag-Sb (pink crosses,
Fig ure 6c; red di a monds, Fig ure 6d). Both of these ar eas are 
dis tinct from the re gion be tween them, which is char ac ter -
ized by anom a lous Pb and Bi con tents in the till (blue open
squares, Fig ure 6c; red crosses, Fig ure 6d). The seven-
cluster plot also dis tin guishes the very south ern block of till 
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Fig ure 6. Re sults of clus ter anal y sis of the clay frac tion of till geo chem i cal data (Mo, Cu, Pb, Zn, Ni, Co, Mn, Fe, As, U, Au, Sr, Cd, Sb, V, Th, Ca, La, Cr, Mg, Ba, Al, Na, K, Sc and Hg), cen tral Brit -
ish Co lum bia. Sam ples were di vided into a) two and b) three clus ters. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2. Note that al though the num ber of clus ters is set for
each anal y sis, data that do not con form to a ma jor clus ter are as signed dif fer ent sym bols.
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Fig ure 6 (con tin ued). Re sults of clus ter anal y sis of the clay frac tion of till geo chem i cal data (Mo, Cu, Pb, Zn, Ni, Co, Mn, Fe, As, U, Au, Sr, Cd, Sb, V, Th, Ca, La, Cr, Mg, Ba, Al, Na, K, Sc and
Hg), cen tral Brit ish Co lum bia. Sam ples were di vided into c) five and d) seven clus ters. Data are over laid on the bed rock ge ol ogy map pre sented in Fig ure 2. Note that al though the num ber of
clus ters is set for each anal y sis, data that do not con form to a ma jor clus ter are as signed dif fer ent sym bols.



samples (open blue squares), from the other southern till
(purple box crosses), based on the most southern group
having less elevated Cr, Ni and Mg contents (Figure 6d).

Conclusions

In part of the QUEST Pro ject area, cen tral BC, 712 till sam -
ples have been col lected where thick gla cial de pos its cover
bed rock, hin der ing both bed rock map ping and min eral ex -
plo ra tion pro grams. The study area oc curs within the
Quesnel terrane, and is dom i nated by mid dle to up per Tri -
as sic mafic vol ca nic rocks and volcaniclastic sed i men tary
rocks of the Nicola Group. The large Mount Milligan Cu-
Au por phyry de posit oc curs just to the north west of the
study area in cor re la tive rocks, part of a near lin ear,
northwest-trending se ries of Cu±Mo de pos its that oc cur
within this terrane. Till geo chem i cal data and heavy min -
eral grain count data high light four areas that warrant
further work:

1) In the north west ern part of the study area, there is a large 
num ber of till sam ples with sig nif i cantly anom a lous Cu
and Au con tents (and co in ci dent but less sig nif i cant As
and Ag anom a lies). The un der ly ing rocks are cor re la -
tive with those that host the Mount Milligan Cu-Au por -
phyry de posit. Con sis tent with the po ten tial for por -
phyry Cu-Au style min er al iza tion, there are a num ber of
show ings as so ci ated with alkalic vol ca nic and por phy -
ritic rocks. This area also has el e vated Hf, REE, Th, Ti,
Fe and V, re flect ing Fe-rich alkalic ig ne ous rocks in the
underlying and up-ice bedrock.

2) In the north east ern part of the study area, there are Au,
Cu, As, Ag, Sb and Cd anom a lies in an area with sev eral
epigenetic-type Cu-Au vein show ings and two small-
scale past-pro duc ing Au (and Pt) placer mines.

3) In the east-cen tral por tion of the study area, till sam ples
have el e vated Zn, Cd and Bi con tents, as well as high py -
rite grain counts (up to 10 000 grains in a 10 kg sam ple).
There are no known show ings or min er al iza tion in this
part of the study area; the till geo chem i cal re sults sug -
gest the pos si bil ity of con cealed VMS-type min er al iza -
tion.

4) In the west-cen tral por tion and into the cen tral por tion
of the study area, Hg val ues and el e vated cin na bar grain
counts sug gest there is fault-as so ci ated Hg min er al iza -
tion up-ice, per haps sim i lar to the Pinchi Lake mer cury
mine lo cated to the west of the study area.

In these four ar eas, in creased till sam ple den sity could pro -
vide some in sight into the lo ca tions of po ten tially min er al -
ized bed rock. Till sam pling can be come more chal leng ing,
how ever, as sam ple den sity in creases ap pro pri ate sam ple
ma te rial can be dif fi cult to find and ac cess to good sam ple
sites can be lim ited. In such cases, pros pect ing (in clud ing
an ex am i na tion of clasts in drift) and trench ing could be
carried out to further test these areas.
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