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INTRODUCTION

A strik ing fea ture of the cur rent MINFILE (2005) min -
eral oc cur rence map of BC is that a sig nif i cant part of cen -
tral BC has very few min eral dis cov er ies (Fig. 1). Much of
this area has a cover of Qua ter nary de pos its and/or vol ca nic 
rocks and, given the fact that it is un der lain by the gen er ally
‘fer tile’ Quesnel Terrane, there is good rea son to be op ti -
mis tic that sig nif i cant bur ied min er al iza tion may be pres -
ent. The chal lenge is, there fore, to de velop a method for de -
tect ing min er al iza tion hid den be neath this cover. Var i ous
geo chem i cal se lec tive ex trac tion meth ods are steadily be -
ing re fined to as sist the search for bur ied min er al iza tion in
BC (Cook and Dunn, 2006), and the pres ent study aims at
aug ment ing this ‘tool box’ of tech niques by de vel op ing
some new meth od ol ogy.

The halo gens com prise five non me tal lic el e ments
whose com pounds form salts. The term ‘halo gen’ means
‘salt-for mer’ and, at room tem per a ture, they ex ist in all
three states of mat ter: solid (io dine, as ta tine), liq uid (bro -
mine) and gas (flu o rine, chlo rine). How ever, they all form
di atomic mol e cules that are gases at nor mal tem per a tures
and pres sures, and there fore are mo bile and play sig nif i cant 
roles in the at mo sphere, hy dro sphere and bio sphere. They
are the most organophilic el e men tal fam ily, such that they
re act with or ganic com pounds on con tact and are there fore
readily ab sorbed by plants. Of these el e ments, as ta tine is ra -
dio ac tive and not con sid ered in this study. The re main ing
halo gens are com monly as so ci ated with the em place ment
of min eral de pos its, as wit nessed by their pres ence in many
min er als and in the sa line fluid in clu sions that are typ i cal of
many min eral de pos its. Their vol a til ity ren ders them good
can di dates to ex am ine as ‘path finder el e ments’ in sur face
geo chem i cal me dia, where they may be cap tured on soil
par ti cles and taken up by veg e ta tion.

Flu o rine-rich min er als are char ac ter is tic of late-stage
hy dro ther mal sys tems. Fluid in clu sions as so ci ated with

min eral de pos its are com monly rich in NaCl (e.g., ~50%
NaCl in in clu sions within Cu por phy ries), at test ing to the
highly sa line en vi ron ment of many ore-form ing pro cesses.
In re cent years, fluid in clu sion stud ies have in cluded de ter -
mi na tions of Br and I. Fur ther more, some styles of min er al -
iza tion, such as the Bro ken Hill Sedex de pos its in Aus tra lia, 
have high lev els of F and Cl in flu o rite, ap a tite and am phi -
boles. Dur ing the deg ra da tion of these min eral de pos its,
whether due to the re ac tion with subsurface wa ters, sub tle
changes in pres sure or frac tur ing by slight seis mic ac tiv ity,
some of the halo gen com po nent may be re leased.

The high con tents of Br, Cl and I in sea weed have long
been known. Rel a tively lit tle in for ma tion is avail able on
the dis tri bu tion of these el e ments within and among land
plants, and their re la tion ships to min er al iza tion have re -
ceived lit tle at ten tion ex cept in Rus sia, from where de tailed
in for ma tion is dif fi cult to ob tain. Some pub lished and per -
sonal ob ser va tions are:

• Pine nee dles are good in di ca tors of F; the stan dard
pine nee dle con trol NIST 1575a is re ported to con -
tain an av er age of 389 ppm F.

• Spruce nee dles can con tain >1000 ppm Cl (C.E.
Dunn, un pub lished data).

• Br lev els are com monly el e vated in veg e ta tion
grow ing over Au de pos its (Dunn, 1985).

• Un pub lished scan ning elec tron mi cro scope in ves ti -
ga tions by the se nior au thor have re vealed chlo rides
of po tas sium and bis muth formed in the trunk wood
of trees grow ing on the epi ther mal Au sys tem at Mt.
Wash ing ton (Van cou ver Is land), dem on strat ing the
metal complexing of halo gens within plant tis sues.

• Io dine en rich ment oc curs in plants grow ing over
por phyry de pos its (Al Ajely et al., 1985).

Out side of the for mer So viet Un ion, the halo gens have
been lit tle used in min eral ex plo ra tion; this is partly be -
cause of in ad e quate eas ily ac ces si ble an a lyt i cal meth od ol -
ogy for de ter mi na tions at low con cen tra tions. An ac count
of the sig nif i cance of I and Br for in di cat ing deep ore de -
pos its has re cently been made avail able as an Eng lish trans -
la tion of a clas sic Rus sian work (Trofimov and Rychkov,
2004). They dem on strated the ex cep tional mi gra tional
abil i ties of I and Br in dif fer ent geo log i cal set tings, and
“show these el e ments to be highly ef fec tive in ex plor ing for 
deeply bur ied en dog e nous ore bod ies and us ing this tech -
nique has re sulted in find ing new highly pro spec tive ore
bod ies….up to 1,000 m depth.” They stated that “within all
de pos its stud ied, io dine and bro mine oc cupy the po si tion
most dis tant from ore bod ies. This ex treme zonal po si tion
makes it pos si ble to use these el e ments as very ef fec tive in -
di ca tors of hid den ore de pos its.” They con cluded that “sec -
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ond ary geo chem i cal ha loes ….are still in suf fi ciently stud -
ied, and biogeochemical ha los of these el e ments have yet to 
be found [be cause there are no re ported stud ies]. These
prob lems must be the pri mary fo cus of fur ther stud ies. We
must im prove the an a lyt i cal de ter mi na tions of io dine and
bro mine and then trans fer this un der stand ing to the an a lyt i -
cal in stru men ta tion”.

FOCUS OF FIELD STUDIES

As part of a two-year pro gram, the fo cus in this first
year is to ob tain suit able veg e ta tion and soil sam ples for
anal y sis and in ves ti gate their geo chem i cal sig na tures over
a range of min eral de posit styles typ i cally found in cen tral
BC: a Cu-Au por phyry (Mt. Polley), a Au skarn (QR) and
nearby Au/Mo min er al iza tion as so ci ated with gab bro, and
a Au-Ag epi ther mal sys tem (3Ts). The aims are to,

• de ter mine the geo chem i cal re sponse of vol a tile el e ments 
(halo gens) to known min er al iza tion;

• com pare these re sponses to trace el e ment sig na tures of
the same sam ples;

• as sess the po ten tial value of halo gen geo chem is try to the
ex plo ra tion for min er als con cealed by vol ca nic rocks
and gla cial de pos its;

• by eval u at ing and com par ing com mer cially avail able
an a lyt i cal meth ods, iden tify gaps in an a lyt i cal meth od -
ol ogy and de velop new an a lyt i cal tech niques (in year 2)
most suited to the geo log i cal and phys io graphic en vi ron -
ments of cen tral BC; and

• de velop new tech nol ogy and meth ods for pass ing on to
Ca na dian an a lyt i cal lab o ra to ries and to the ex plo ra tion
com mu nity at large.

A sum mary of the sam ples col lected in each of the
three sur vey ar eas is given in Ta ble 1. This ta ble shows that
there was a con sid er ably larger col lec tion of veg e ta tion
sam ples than of soil. This is partly be cause two or three dif -
fer ent plant tis sues could be col lected in the time that was
re quired for col lect ing the soil sam ples and re cord ing rel e -
vant ob ser va tions, and partly be cause, at the time of col lec -
tion, it was un known which plant spe cies would be the most 
suit able for ac cu mu lat ing the halo gens. Rus sian lit er a ture
has in di cated that they tend to con cen trate in the fo liage, so
the prime sam ple me dium at each area was fo liage of com -
mon spe cies, with pine bark as a sec ond ary col lec tion. In
view of the ease of col lec tion of the veg e ta tion sam ples, an
ex tra min ute was spent at those sites where a third spe cies
was com monly pres ent (e.g., Mt. Polley). No sin gle spe cies
was pres ent at all lo ca tions. Lodgepole pine was the most
com mon spe cies, but fo liage could not be col lected be cause 
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Area with no significant
known mineral deposits

Fig ure 1. Area out lined for fo cus ing on halo gen geo chem is try method de vel op ment. Grey stars in di cate ar eas of fo -
cused stud ies: Mt. Polley, QR and 3Ts. Map base from the BC Min is try of En ergy, Mines and Pe tro leum Re sources
(2005).



most trees were dead from moun tain pine bee tle in fes ta tion. 
Bark re mained the only choice. Whereas this might have
proved to be an op ti mal sam ple me dium, it was de sir able to
ob tain in for ma tion on ad di tional spe cies (in clud ing spruce
bark) be cause of the like li hood that mil lions of acres of cen -
tral BC will have sparse pine pop u la tions once the dead
trees have been felled.

Mt. Polley (Imperial Metals Corporation)

Lo cated 56 km north east of Wil liams Lake in cen tral
BC, the Mt. Polley mine lies be tween Polley and Bootjack
lakes. Min er al iza tion in cludes Cu-Au-Ag por phyry. The
open pit Cu-Ag mine was com mis sioned in 1997 and ore
from the Cariboo and Bell pits was mined un til Sep tem ber
2001 when, due to low metal prices, the mine was idled.
Sub se quent in creases in metal prices re sulted in re open ing
of the mine in March of 2005. While the mine was closed,
ex plo ra tion con tin ued and sig nif i cant new zones of min er -
al iza tion were dis cov ered. Ar eas sur round ing two re cently
dis cov ered zones, the Bound ary and Pond, have un der gone
lit tle sur face dis rup tion and proved suit able for fo cus ing
the sam pling pro gram of the pres ent study (Fig. 2).

In clud ing field du pli cates, 55 sam ples were col lected
north of the Bound ary zone, mostly at 50 m in ter vals along
two north-south par al lel lines (100 m apart). Fig ure 2
shows the lo ca tion of the Bound ary zone and the area sam -
pled (marked as ‘Bound ary zone ex ten sion’). See Fig ures
6–9 for de tailed lo ca tions of sam ple sites. Sam ple sites ex -
tended from till-cov ered brecciated monzonite north ward
to Ju ras sic vol ca nic cover of un known thick ness. The col -
lec tion, de tailed in Ta ble 1, com prised B-ho ri zon soil, fo -
liage of west ern redcedar (Thuja plicata)4 and outer bark
from Engelmann spruce (Picea engelmannii). For sim plic -
ity, the west ern redcedar will be re ferred to as ‘ce dar’, since
this is the name com monly used by those work ing in the
for ests of BC.

At the Pond zone (Fig. 2), sam pling was un der taken at
75 sites at 50 m in ter vals, along two par al lel east-west lines
100 m apart that tra verse brecciated monzonite, and min er -
al ized Tri as sic ba salt that hosts the monzonite. The sam ple
col lec tion com prised B-ho ri zon soil and fo liage of sub al -
pine fir and west ern redcedar. Spruce was rare, so rel a tively 
few sam ples of spruce outer bark were col lected (de tails in
Ta ble 1).

QR (Cross Lake Minerals Ltd.)

Lo cated 58 km south east of Quesnel, the QR is a Au
skarn sit u ated near the east ern edge of the north-west erly-
trending as sem blage of Up per Tri as sic–Lower Ju ras sic
vol ca nic rocks of the Quesnel Trough (Fox et al., 1987).
The de pos its oc cur in as so ci a tion with propylitized and
carbonatized fragmental mafic vol ca nic rocks. Ore is as so -
ci ated with py rite in stockworks and in mas sive ba saltic
tuff. As so ci ated min er als in clude epidote, chlorite,
anhydrite and car bon ate. Gold oc curs with Ag as
micrometre-size par ti cles along py rite and chal co py rite
bound aries. De tails of the ge ol ogy and min er al ogy are
given in Fox et al. (1987) and Melling and Watkinson
(1988).

Biogeochemical stud ies were con ducted over the QR
de posit in the late 1980s, prior to mine de vel op ment (Dunn, 
1989; Dunn and Scagel, 1989). Ar chived veg e ta tion sam -
ples from an area now stripped of veg e ta tion were avail able 
from the Geo log i cal Sur vey of Can ada (GSC) to com ple -
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n 1
Horizon Species n 1

Mt. Polley Boundary Zone 45 B Western redcedar foliage 46
Boundary Zone Engelmann spruce outer bark 41
Pond Zone 60 B Subalpine fir foliage 54
Pond Zone Western redcedar foliage 58
Pond Zone Engelmann spruce outer bark 21

QR Main and West Zones2
0 Douglas-fir needles (crowns) 2

100
Northern extension 0 Douglas-fir needles (low branches) 10
Northern extension Lodgepole pine outer bark 21
Eastern IP' transect 32 B Engelmann spruce foliage 32
Eastern IP' transect Lodgepole pine outer bark 31
Cariboo Zone 24 B Engelmann spruce foliage 23
Cariboo Lodgepole pine outer bark 13

3Ts Tommy vein transect 20 B3
White spruce foliage 43

Tommy vein transect Lodgepole pine outer bark 40

Ted vein transect 15 B3
White spruce foliage 24

Ted vein transect Lodgepole pine outer bark 24

1 excluding field duplicates
2 archived samples from collection made in 1988, prior to site development
3 multi-horizon samples collected (see Cook and Dunn, 2006)

Soil Sites Vegetation Sites
Location Areas Sampled

TABLE 1. SUMMARY OF SOIL AND VEGETATION SAMPLES COLLECTED AT EACH LOCATION.
PRINCIPAL VEGETATION SAMPLES SENT FOR ANALYSIS ARE SHOWN IN BOLD ITALICS

4 Nomenclature: In February 1988 Thuja plicata was designated 
the official tree of BC, but it is not a true cedar (genus Cedrus) 
and belongs to the cypress family. In order to avoid confusion
with a true cedar, botanists spell the popular name ‘redcedar’
rather than ‘red cedar’. Following somewhat dissimilar logic,
the Douglas-fir is hyphenated, because it is not a true fir.



ment new geo chem i cal work. This unique ma te -
rial of fered a valu able op por tu nity to de ter mine
the halo gen sig na tures prior to any mine de vel -
op ment. The 1988 and 1989 sur veys in di cated a
strong pos i tive re sponse be tween min er al iza tion 
and Au in the veg e ta tion (e.g., Fig. 3), at a time
when the only de vel op ment was drill ing and
some mi nor trench ing.

This sum mer, a few sam ples of Douglas-fir
fo liage were col lected to the north of the area
shown in Fig ure 3. Sam pling was lim ited, be -
cause a tail ings pond now oc cu pies the site of the 
Au anom aly in tree tops (Fig. 4). Fur ther more,
fo liage from lower limbs has dif fer ent con cen -
tra tions of some el e ments com pared to fo liage at
tree tops and, on this oc ca sion, there was no op -
por tu nity to col lect sam ples from the tops of the
20–40 m tall Douglas-firs.

A sec ond area sam pled was an IP geo phys i -
cal anom aly to the east of the tail ings pond
(hence forth re ferred to as the IP zone), where
Douglas-fir was rare (Fig. 4). It rep re sented a
tar get that ex plo ra tion per son nel from Cross
Lake Min er als con sid ered worth ex am in ing
from a geo chem i cal stand point. In clud ing con -
trols, 32 sites at 50 m in ter vals were sam pled
north ward along two par al lel lines, set 100 m
apart. Sam ple me dia were B-ho ri zon soil, fo -
liage from Engelmann spruce and outer bark
from lodgepole pine. Six kilo metres to the east
of the area de picted in Fig ure 4, the Cariboo
zone (Au, Cu, Mo as so ci ated with gab bro) was a
third tar get. The area is not dis turbed by any
min ing ac tiv i ties, and a sin gle north-south line
was sam pled at 50 m in ter vals over a dis tance of
1250 m. The same sam ple me dia were col lected
as at the IP zone.

3Ts (Southern Rio Resources Ltd.)

Three con tig u ous prop er ties, to tal ling
34 km2, cover a bo nanza-style, epi ther mal Au-Ag camp lo -
cated ap prox i mately 120 km south west of Vanderhoof.
There is only mi nor dis tur bance of the ground. Geo log i cal
de tails of this area are given in Bottomer (2003a, b) and
Cook and Dunn (2006).

Field work at 3Ts was com pli cated by the fact that, re -
cently, easy ac cess to the field area had been made im pos si -
ble by de com mis sion ing of the only good-qual ity trail. Mi -
nor trails re quired the use of all-ter rain ve hi cles.

The Tommy and Ted Au-bear ing quartz veins were the
prime tar gets over which the sam pling transects were de -
signed (Fig. 5). In to tal, 46 B-ho ri zon soil sam ples were
col lected at the same time as a sig nif i cant col lec tion of
multi-ho ri zon sam ples that are dis cussed in the pa per by
Cook and Dunn (2006). Veg e ta tion was con sid er ably eas ier 
to col lect than the soil; ap prox i mately 150 sam ples were
col lected, com pris ing equal pro por tions of white spruce
(Picea glauca) fo liage and outer bark from lodgepole pine
(Pinus contorta). Veg e ta tion sam pling ex tended across the
Tommy vein east ward to the Ringer boul der show ing, and
east ward across the Ted vein to the Adrian West boul der
show ing.

SAMPLE COLLECTION AND
PREPARATION

At each sam ple lo ca tion (mostly at 50 m in ter vals), a B-
ho ri zon soil was col lected from the typ i cal Brunisol pro file. 
In ad di tion, 4–5 sam ples of twigs and fo liage com pris ing
the most re cent 3 years of growth were placed in a po rous
poly propy lene bag (Hubco Sen try II) and, on most tra -
verses where avail able, outer bark of lodgepole pine was
scraped us ing a hard ened steel paint scraper and a stan dard
‘kraft’ pa per soil bag half-filled with the scrap ings (about
50 g). Many of the pines were dead or dy ing be cause of the
ram pant pine bee tle ‘kill’. How ever, this was not a prob lem
for the sam ple in teg rity and qual ity be cause outer bark
scales are dead tis sue even when a tree is alive.

In the lab o ra tory, soil sam ples were dried at 40°C and
sieved to –80 ASTM (180 µm). Veg e ta tion sam ples were
dried at 70°C in an oven for 24 hours to re move all mois -
ture. The fo liage could then be sep a rated from the twigs.
Each fo liage and bark sam ple was then milled to a pow der
in prep a ra tion for chem i cal anal y sis
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Boundary Zone
Extension

Pond Zone

Fig ure 2. Lo ca tions of prin ci pal ore zones at Mt. Polley, and the two lit tle-dis -
turbed ar eas se lected for this study: Bound ary zone ex ten sion and Pond zone
(an no tated from airphoto down loaded from Im pe rial Met als Cor po ra tion website 
(http://www.imperialmetals.com/s/ MountPolley.asp) 28-Oct-05).
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Fig ure 3. QR de posit: 1988 sur vey (Dunn and Scagel, 1989). Geo log i cal fea tures af ter Fox et 
al. (1987). De pos its as known in 1988 are shown as solid black poly gons. They mostly
subcropped be neath the till or, as in the case of the West zone, were bur ied ex cept for the
north west ern and south east ern parts. Dashed lines rep re sent faults. Sites out lined by linked
squares in di cate those se lected as test sam ples for halo gens in nee dles. Five pine bark
sam ples (not shown) se lected for test ing were from a 500 m north west-south east tra verse
across the Main zone.

Fig ure 4. QR de pos its: lo ca tions of the ar eas sur veyed in 1988 and for this sur vey.



ANALYSIS OF TEST SAMPLES

In or der to as cer tain the op ti mal an a lyt i cal method for
the halo gens, a set of 35 test sam ples was se lected for anal y -
sis by sev eral lab o ra to ries us ing a va ri ety of meth ods. In the 
fi nal se lec tion of the method by which all of the newly col -
lected sam ples would be an a lyzed, con sid er ation was to be
given to both the ap pro pri ate level of sen si tiv ity and the
cost of anal y sis.

The veg e ta tion test sam ples were Douglas-fir
(Pseudotsuga menziesii) nee dles and lodgepole pine
(Pinus contorta) outer bark col lected in 1988 and 1989
from the vi cin ity of the QR de posit and ar chived at the Geo -
log i cal Sur vey of Can ada in Ot tawa. Ten sam ples of nee -
dles and five sam ples of bark were cho sen from sites that
spanned the Au biogeochemical anom aly (Fig. 3). In ad di -
tion, five veg e ta tion con trols of known com po si tion were
in cluded. They were two sam ples of V6, a com pos ite of
pine twigs and nee dles de vel oped in 1990 by the se nior au -
thor us ing CANMET fa cil i ties; two sam ples of CLV-2,
CANMET spruce nee dles (cer ti fied val ues); and one sam -
ple of V13, moun tain hem lock nee dles de vel oped re cently
by the se nior au thor and Acme An a lyt i cal Lab o ra to ries Ltd. 

The suite of ar chived sam ples rep re sented suit able test ma -
te rial in that prior anal y sis had shown there to be el e vated
lev els of Au in these sam ples from sites over or ad ja cent to
known Au de pos its (Fig. 3). Fur ther more, some halo gens
have been shown to ac cu mu late in fo liage, and some lim -
ited halo gen data (Cl and Br) were avail able for V6. Noth -
ing was known about the halo gen con tent of bark; how ever, 
since bark is known to ac cu mu late many met als that are sur -
plus to plant me tab o lism, the tests should de ter mine if this
would be a suit able sam ple me dium for the halo gens.

No ap pro pri ate soils were avail able from over known
min er al iza tion, so tests were per formed on five splits each
of GSC con trols that had cer ti fied val ues for many el e -
ments. They were STSD-1 and STSD-4 (both stream sed i -
ments), and TILL-4.

Ta ble 2 lists the suite of meth ods for which anal y ses
were re quested at var i ous Ca na dian lab o ra to ries. At that
time, it was not known if op ti mal re sults would be from a to -
tal halo gen anal y sis (e.g., INAA or XRF) or from an anal y -
sis in volv ing a par tial ex trac tion (e.g., leach ing by wa ter or
pH-con trolled am mo nium ac e tate). With re gard to the veg -
e ta tion, it was con sid ered that a par tial ex trac tion might
yield sim i lar re sults to a ‘to tal’ anal y sis, be cause of the high
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Fig ure 5. 3Ts: gen eral ge ol ogy, to pog ra phy and lo ca tion of tra verses across the north-south min er al ized veins and boul der oc cur rences
(Ringer show ing and Adrian West). Mod i fied af ter Diakow and Web ster (1994). Note that the soil sam pling ex tended only over the west ern
half of the tra verse across the Tommy vein. Note also that unit Tf has re cently been dated by Jim Mortensen to be a Late Cre ta ceous
microdiorite in tru sion (L. Bottomer, pers. comm., 2005).



sol u bil i ties of the halo gens. How ever, for soil, there may be 
greater dif fer ences, be cause some halo gens may be struc -
tur ally bound in crys tal lat tices and there fore not readily ex -
tracted by a weak leach (e.g., Cl in bi o tite and am phi boles;
F and/or Cl in ap a tite). How ever, since the ob jec tive of this
pro gram was to in ves ti gate the dis tri bu tion of halo gens that
might be de rived from con cealed min er al iza tion, it was the
la bile (readily leached) por tion of any halo gens that would
be of prin ci pal in ter est, and not the struc tur ally bound halo -
gens.

Sub se quently, por tions of each sam ple were sent to
Ac ti va tion Lab o ra to ries Ltd. in or der to test the
po ten tial suit abil ity for halo gen de ter mi na tions
by high res o lu tion ICP-MS of sev eral ex per i -
men tal meth ods cur rently be ing de vel oped.

RESULTS

Halogens

At the time of writ ing, most of the data on
the test sam ples have been re ceived and re sults
in di cate some sig nif i cant com pli ca tions with
re gard to ob tain ing con sis tent and ac cu rate
data. Some data sets are clearly in ad e quate
and/or in ac cu rate, em pha siz ing the need to de -
velop ap pro pri ate an a lyt i cal meth od ol o gies.

For ex am ple, for the veg e ta tion, to tal F ob tained by one
method yielded con cen tra tions of 60–80 ppm F, whereas
val ues ob tained by an other method were <10 ppm F; fur -
ther more, anal y sis by a par tial (wa ter) leach re turned val -
ues for the same sam ples mostly in ex cess of 1000 ppm F.
Al chemy at its best! A se lec tion of these dif fer ences is
shown in Ta ble 3.

In the anal y sis of veg e ta tion sam ples by ion chro ma -
tog ra phy (Dionex), F– is the first halo gen to be evolved.
Whereas it may ap pear that F– gives a clean pos i tive sig na -
ture, a va ri ety of un known or ganic com pounds greatly en -
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INAA: epithermal neutron activation for Cl, Br and I
ICP-MS �  water leach: approximately 50 elements
ICP-MS �  ammonium acetate pH 7 leach: approximately 50 elements
ICP-ES  �  water leach: 10 elements
ICP-ES �  ammonium acetate pH 7 leach: 10 elements
Ion chromatography �  water leach: all available anions
Ion chromatography �  ammonium acetate pH 7 leach: all available anions
F_water leach �  selective ion electrode

Cl_water leach �  selective ion electrode
F_fusion (Teflon bomb) �  selective ion electrode

Enzyme LeachSM: full suite of elements including I, Br and semiquantitative Cl

XRF (high resolution): halogens

TABLE 2. SELECTION OF ANALYTICAL METHODS TO BE UNDERTAKEN
AT VARIOUS LABORATORIES ON 20 SAMPLES OF MILLED VEGETATION

AND 15 SOIL SAMPLES

Lab A1 Lab A2 Lab A3 Lab B Lab C Lab D

Dionex (IC) Sel. Ion 

Electrode

NaOH 

Fusion
Dionex (IC) Dionex (IC) XRF

Water Leach Water Leach Total Water Leach Water Leach Total

F (ppm) F (ppm) F (ppm) F (ppm) F (ppm) F (ppm)

DFN_04 1241 0.36 <10 27.2 1380 75

DFN_08 1529 0.34 20 35.1 1776

DFN_14 1324 0.2 <10 26.6 1476 78

DFN_22 839 0.24 <10 24.5 1168 86

DFN_33 1383 0.15 <10 16.3 1613 63

DFN_45 1429 0.23 <10 45.5 1623 72

DFN_60 1121 0.21 <10 26.2 1255 72

DFN_65 1253 0.15 <10 32.8 1393 68

DFN_70 1616 0.19 <10 17.6 2028 65

DFN_74 1170 0.2 <10 20.2 1318 83

LP-BK-09 74 0.14 <10 15.1 124
LP-BK-11 64 0.11 <10 18.0 109
LP-BK-28 99 0.14 128
LP-BK-68 63 0.09 <10 23.9 102
LP-BK-73 88 0.22 <10 24.2 115

Controls:

V6 70 1.17 <10 0.75 83 96

V6 77 0.6 <10 0.92 83 81

CLV-2 774 0.34 <10 21.2 900 <25

CLV-2 1022 0.34 <10 10.9 906 80

V13 2284 0.17 <10 33.8 2666 <42

Sample

TABLE 3. VEGETATION SAMPLES ANALYZED FOR F BY SEVERAL DIFFERENT METHODS AT DIFFERENT
LABORATORIES. NO CERTIFIED VALUES AVAILABLE FOR THE CONTROLS



hance the pre sumed flu o ride sig na ture, gen er -
at ing a false anal y sis. It seems that this is a
sig nif i cant an a lyt i cal prob lem that would need
to be re solved.

As a con se quence of re sults such as those
shown in Ta ble 3, sam ples from the field tra -
verses have not yet been sent for anal y sis (Oc -
to ber 2005). Re cently re ceived data by other
meth ods, how ever, do in di cate some pos i tive
as so ci a tions of F and I with the lo ca tions of the
Au anom aly in tree tops shown in Fig ure 3. Fig -
ure 6 shows se lec tive ion elec trode de ter mi na -
tions (SIE) of flu o ride in a wa ter leach of 1 g
sam ples of dry veg e ta tion. From these and
other data, it ap pears that there are typ i cally
higher con cen tra tions of F in fo liage than bark.

With re gard to halo gen anom a lies as so ci -
ated with min er al iza tion, al though Fig ures 6
and 7 show some in creased val ues where there
are el e vated lev els of Au in tree tops, it should be noted that
such a re la tion ship may not al ways oc cur, de pend ing on the
na ture of the min er al iza tion, depth of burial, and fault ing
and frac tur ing of the over ly ing bed rock. Trofimov and
Rychkov (2004) note that an I and/or Br halo may oc cur
mar ginal to a halo of other path finder el e ments (e.g., As,
Hg) that are them selves mar ginal to an ore body. As a re sult, 
the spa tial re la tion ship of the halo gens may form a broad
halo anom aly at the sur face over a deeply bur ied ore de -
posit, with peak val ues sur round ing the de posit. Along
transects over min er al iza tion, the ap pear ance would be the
clas sic ‘rab bit ears’ type of anom aly. These pat terns will be
ex am ined when the halo gen data are re ceived.

De ter mi na tions of I in the same ma te ri als by a range of
meth ods have gen er ated re sults that are as di verse as those
for flu o rine. How ever, there is a rea son able cor re spon -
dence be tween I de ter mined by INAA and by en zyme leach
(Fig. 7).

There was in suf fi cient ar chived bark ma te rial avail -
able for run ning all sam ples by all meth ods; how ever, pre -
lim i nary data from sev eral an a lyt i cal meth ods in di cate that
I is con sid er ably more con cen trated in the bark than in the
fo liage.

Data for Cl and Br show sim i lar sub stan tial vari abil ity
among the var i ous an a lyt i cal meth ods that were tested, and
nei ther el e ment shows the pos i tive re sponse over the test
tra verse that was noted for F and I.

Multielement ICP-MS

Soil sam ples were sub mit ted to Acme
An a lyt i cal Lab o ra to ries Ltd., Van cou ver,
for a 53-el e ment ICP-MS anal y sis by
method 1F (aqua regia di ges tion) and pH
de ter mi na tions. Veg e ta tion sam ples were
an a lyzed at Acme by method 1VE-MS (ni -
tric acid fol lowed by aqua regia di ges tion).
A por tion of each sieved soil and milled
veg e ta tion sam ple was set aside for later
anal y sis of the halo gens, once a suit able
method(s) had been iden ti fied.

The multielement ICP-MS re sults on
the B-ho ri zon soil and the prin ci pal sets of
veg e ta tion (fo liage) were ob tained within a
few weeks of the field sam ples be ing sub -

mit ted for anal y sis. The multielement data for these
sam ples are re quired for com par i son of the com mod ity el e -
ments (es pe cially Au, Ag, Cu) with the data ul ti mately to be 
ob tained for the halo gens. Re cently, data have also been ac -
quired for some of the bark sam ples, in light of the rel a tive
en rich ment of I (in bark com pared to fo liage) re vealed from 
the test sam ples. More bark sam ples will be pro cessed. To
date, a to tal of ap prox i mately 60 000 an a lyt i cal de ter mi na -
tions have been made on the full set of field and test sam -
ples.

The qual ity-con trol and qual ity-as sur ance pro ce dures
for all sam ples were the same as those de scribed in Cook
and Dunn (2006). In brief, field du pli cates were col lected at 
ev ery tenth sam ple site, and ap pro pri ate qual ity-con trol
sam ples in serted at a min i mum of one in ev ery twenty sam -
ples.

An out line is pre sented, by min eral oc cur rence, of se -
lected geo chem i cal fea tures of the large datasets ac quired
for the soil and veg e ta tion tis sues. De tails will be pro vided
in the fi nal re port that will pre pared by March 2006.

Mt. Polley

BOUNDARY ZONE

At the more north erly of the two zones stud ied, the
Bound ary zone (Fig. 2), west ern redcedar fo liage was se -
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Fluorine (ppm) by Specific Ion Electrode (Water Leach)
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Fig ure 6. Con cen tra tions of F with re spect to Au biogeochemical anom a lies at
QR. Left pro file shows dry Douglas-fir nee dles; right pro file shows dry lodgepole
pine outer bark. Sam ples col lected in 1988 and 1989 prior to mine de vel op ment.
De ter mi na tions by se lec tive ion elec trode on a wa ter leach.

Iodine (ppb) in Douglas-Fir Needles
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Fig ure 7. Con cen tra tions of I in dry Douglas-fir nee dles from tree tops at QR. Com par -
i son of re sults from an en zyme leach and by INAA. De tec tion level by INAA was
100 ppb; val ues be low de tec tion are shown as half de tec tion (50 ppb).



lected as the prin ci pal veg e ta tion sam pling me dium. Ta -
ble 4 is a sta tis ti cal sum mary of el e ment con cen tra tions in
dry tis sue. Ta ble 5 shows the same sta tis ti cal pa ram e ters for
the soil sam ples.

These ta bles are pro vided for gen eral in for ma tion on
el e ment lev els en coun tered in this en vi ron ment, and serve
as a yard stick against which to com pare data from fu ture
sur veys. In gen eral, el e ments con sid ered some what con -
cen trated in the ce dar fo liage are Au, Cu and Mo; no ta ble
con cen tra tions in the soil in clude Ag, As, Au, Cu, Hg and V.

A com par i son of sev eral com mod ity el e ments in the
soil with those in the ce dar fo liage is in struc tive, in that
anom a lous con cen tra tions ap pear at dif fer ent lo cal i ties
(Fig. 8–11). Pre vi ous stud ies of con cen tra tions in soil ver -
sus veg e ta tion in gla ci ated ter rain, at Bea ver Dam, Nova
Sco tia (Dunn et al., 1991) and Mt. Milligan, BC (Dunn et
al., 1996), have found that veg e ta tion anom a lies tend to be
more di rectly over min er al iza tion than the soil.

The im pli ca tion from the above com par i sons is that the 
zone of min er al iza tion oc curs in the cen tre of the sur vey
area, as in di cated by the veg e ta tion, rather than far ther to
the south where most of the soil anom a lies lie. It is con sid -
ered that a sig nif i cant lo cal con cen tra tion of a metal is re -
quired in or der to be re flected in the plant chem is try: there
is in suf fi cient con cen tra tion of met als in a soil anom aly
(even though it con sti tutes a geo chem i cal anom aly) to be
re flected in the veg e ta tion. The soil anom aly is com monly
dis placed by down-ice or downslope dis per sion or dis -
persal, whereas a biogeochemical anom aly typ i cally oc curs 
di rectly over a min er al ized source.

POND ZONE

Far ther south, two east-west tra verses were con ducted
over an area con sid ered by Im pe rial Met als to have good
po ten tial for a con tin u a tion of the Pond zone that lies im me -
di ately to the south (Fig. 2). A short dis tance be yond the
east ern ex ten sion of the tra verses lies the South east zone of
proven min er al iza tion. Along these tra verses, in ad di tion to 
B-ho ri zon soil sam ples, fo liage was col lected from both
west ern redcedar and sub al pine fir. The lat ter has been se -
lected as the prin ci pal veg e ta tion sam pling me dium for
anal y sis, partly be cause this per mits test ing the rel a tive
sen si tiv ity of this spe cies, com pared to the ce dar from the
Bound ary zone, to halo gen up take.

Ta ble 6 pres ents a sta tis ti cal break down of the anal y sis
of the sub al pine fir fo liage, and Ta ble 7 gives the in for ma -
tion from –80 mesh B-ho ri zon soil from the same sites. El e -
ments in the fir nee dles that are en riched for co ni fer fo liage
in gen eral in clude Au, Cu, Zn and, most no ta bly, Re. No ta -
ble con cen tra tions in the soil in clude As, Au and Cu; Re,
too, is slightly el e vated in the soil.

Fig ure 12 pres ents plots of se lected el e ments along the
north ern most of the two tra verses. Soil is shown on the left
and veg e ta tion on the right. Of note are the peaks at the east -
ern end of the line: Au, Mo and Re in both me dia, and Cu in
soil but not in the veg e ta tion. Cop per in veg e ta tion is anom -
a lous in this area (back ground is usu ally around 8 ppm, and
there is up to 14 ppm pres ent), but far less so than in the west 
(around 300–350 m), where Cu is co in ci dent with Au in the
veg e ta tion. The in fer ence is that there are two dif fer ent
styles of min er al iza tion pres ent: a Cu, Au, Fe as so ci a tion
with Cs, REEs and Cd at the west ern anom aly, which is dis -
placed, like that in di cated at the Bound ary zone, about 50 m 
west of the prin ci pal multielement soil anom a lies (Ag, Bi,
Mo, Pb, Sb, Se, Te); and a sec ond zone of Au en rich ment in

the east, where the as so ci a tion from the soil (Co, Cr, Ni, Mg
and REEs, with an as so ci ated Hg and U sig na ture) in di cates 
a mafic sub strate. The veg e ta tion sig na ture is pre dom i -
nantly Au, Mo, Pb, Li, Rb and Re.

QR Deposit

ANALYSIS OF ARCHIVED NEEDLES FROM
DOUGLAS-FIR TOPS

Anal y sis of the dry nee dle tis sue con firmed and re fined 
the orig i nal anom a lies iden ti fied from anal y sis of the top
stems (Dunn and Scagel, 1989). Pre vi ously, no data were
ob tained from the nee dles. The cor re spon dence of the
anom a lies in the dry nee dles (Fig. 13; by ICP-MS) com -
pared to the ashed top stems (Fig. 3; by INAA) con firms
and val i dates the ro bust ness of the geo chem i cal sig na ture,
and in fact en hances the re la tion ship of the biogeochemical
sig na ture to the subcropping min er al iza tion at ei ther end of
the West zone. New data from the north ern ex ten sion of the
prin ci pal anom aly does not in di cate an ex ten sion to the
north. How ever, the multielement dataset shows that, in
gen eral, there are quite sub stan tial dif fer ences be tween
nee dles from the tree tops col lected in 1988 and those from
the lower branches that were col lected this year. There is no
sys tem atic in crease or de crease of el e ments that might be
at trib uted to ei ther con tam i na tion from min ing ac tiv i ties or
long-term nat u ral vari a tions in plant chem is try.

IP ZONE

Two tra verses (Fig. 4) were con ducted to col lect soils
and spruce fo liage from north-south lines about 500 m east
of the Main zone anom aly (Fig. 3, 13). These lines were se -
lected be cause of the pres ence of an IP anom aly of un -
known or i gin. A one to three-sta tion multielement anom aly
oc curs in soil along one of the two transects. El e ment en -
rich ments in clude Ag, As, Au, Co, Cu, Mo, Ni, Sb, Se, Te
and traces of Pt. Data from the spruce nee dles do not show
any sig nif i cant en rich ment. How ever, spruce nee dles usu -
ally only yield very sub tle in di ca tions of metal en rich ments
in the sub strate: they were se lected for this pro ject be cause
spruce was the only com mon spe cies from which fo liage
could be col lected in this area, and be cause the lit er a ture
has in di cated that fo liage is more likely than twigs to yield
en rich ments of the halo gens. Data are pend ing for a set of
pine bark sam ples.

CARIBOO ZONE

The third area of study in the vi cin ity of the QR de posit
lies 6 km to the east. Past sur veys have dem on strated that
the ‘Cariboo’ zone has multielement soil anom a lies: no ta -
bly Au, As and Sb, with Mo as an other zone to the north,
mostly as so ci ated with gab bro. Since this area has un der -
gone lit tle dis tur bance, it was se lected for a sin gle 1400 m
north-south tra verse. In ad di tion to the soil, spruce fo liage
and pine bark (where avail able) were col lected. Ex am ples
of soil data are shown in Fig ure 14. The soil re sults in di cate
three zones of multielement en rich ment in volv ing Ag, Au,
Bi, Cu and Hg, among oth ers. The cen tral zone is sub tle
with re spect to Ag, Au and Bi, but has a strong Hg and Cu
sig na ture. Only the north ern zone in cludes a Mo sig na ture.
Sev eral ppb Pt are pres ent at the south ern end of the line.

The veg e ta tion sig na tures are con sid er ably more sub -
tle (again, only spruce nee dles have been an a lyzed to date)
and, once again, the anom a lies that do oc cur are dis placed
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50th 70th 80th 90th

Ag ppb 46 3.1 1.0 1 3 4 4 4 6
Al % 46 0.005 0.001 0.005 0.005 0.005 0.005 0.006 0.01
As ppm 46 0.09 0.05 0.05 0.05 0.1 0.1 0.13 0.3
Au ppb 46 0.86 1.05 0.1 0.5 0.9 1.48 2.7 5
B ppm 46 17 4.2 11 16 18 20 23 29
Ba ppm 46 29 15.3 6.7 25 38 44 51 63
Be ppm 46 0.05 0.007 0.05 0.05 0.05 0.05 0.05 0.1
Bi ppm 46 0.01 0.002 0.01 0.01 0.01 0.01 0.01 0.02
Ca % 46 1.18 0.19 0.85 1.15 1.229 1.31 1.53 1.66
Cd ppm 46 0.03 0.02 0.005 0.03 0.04 0.05 0.06 0.07
Ce ppm 46 0.06 0.02 0.03 0.06 0.07 0.08 0.1 0.11
Co ppm 46 0.06 0.02 0.02 0.055 0.069 0.076 0.083 0.1
Cr ppm 46 2.1 0.17 1.7 2.1 2.2 2.26 2.33 2.5
Cs ppm 46 0.02 0.01 0.007 0.016 0.02 0.022 0.035 0.065
Cu ppm 46 5.5 1.5 2.2 5.3 5.9 6.8 7.6 11.0
Fe % 46 0.013 0.004 0.006 0.012 0.014 0.015 0.02 0.023
Ga ppm 46 0.05 0 0.05 0.05 0.05 0.05 0.05 0.05
Ge ppm 46 0.006 0.002 0.005 0.005 0.005 0.01 0.01 0.01
Hf ppm 46 0.002 0.001 0.001 0.002 0.003 0.003 0.004 0.006
Hg ppb 46 24 6.9 14 23 27 28 33 42
In ppm 46 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01
K % 46 0.53 0.11 0.3 0.53 0.589 0.62 0.679 0.77
La ppm 46 0.04 0.02 0.02 0.04 0.049 0.05 0.07 0.08
Li ppm 46 0.05 0.06 0.005 0.03 0.07 0.09 0.11 0.38
Mg % 46 0.10 0.02 0.059 0.102 0.112 0.119 0.126 0.147
Mn ppm 46 176 97 34 159 208 248 345 412
Mo ppm 46 1.5 1.4 0.39 1.2 1.5 1.8 2.5 10.1
Na % 46 0.002 0 0.001 0.002 0.002 0.002 0.002 0.003
Nb ppm 46 0.013 0.01 0.005 0.01 0.019 0.02 0.03 0.07
Ni ppm 46 1.4 0.7 0.2 1.2 1.6 1.8 2.2 3.6
P % 46 0.125 0.03 0.066 0.123 0.137 0.144 0.163 0.187
Pb ppm 46 0.11 0.08 0.05 0.09 0.119 0.12 0.14 0.58
Pd ppb 46 1 0 1 1 1 1 1 1
Pt ppb 46 0.5 0.14 0.5 0.5 0.5 0.5 0.65 1
Rb ppm 46 2.4 1.6 0.6 2.05 2.88 3.3 3.9 9.5
Re ppb 46 0.7 0.31 0.5 0.5 1 1 1 2
S % 46 0.1 0.04 0.005 0.07 0.1 0.116 0.13 0.16
Sb ppm 46 0.04 0.05 0.01 0.02 0.04 0.05 0.06 0.34
Sc ppm 46 0.23 0.06 0.1 0.2 0.3 0.3 0.3 0.3
Se ppm 46 0.17 0.05 0.1 0.2 0.2 0.2 0.2 0.3
Sn ppm 46 0.04 0.05 0.01 0.03 0.049 0.06 0.08 0.32
Sr ppm 46 62 24 24 60 78 86 92 117
Ta ppm 46 0.001 0 0.001 0.001 0.001 0.001 0.001 0.002
Te ppm 46 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01
Th ppm 46 0.005 0 0.005 0.005 0.005 0.005 0.005 0.005
Ti ppm 46 8.2 1.5 5 8 8.9 9 10 12
Tl ppm 46 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01
U ppm 46 0.005 0 0.005 0.005 0.005 0.005 0.005 0.005
V ppm 46 1 0 1 1 1 1 1 1
W ppm 46 0.06 0.04 0.05 0.05 0.05 0.05 0.05 0.3
Y ppm 46 0.03 0.01 0.013 0.03 0.034 0.037 0.049 0.061
Zn ppm 46 11.6 2.9 5.9 12.1 12.7 13.8 15.1 20.8

Zr ppm 46 0.06 0.09 0.02 0.05 0.05 0.05 0.07 0.68

Max- 

imim

PercentilesEle- 

ment
Units N Mean

Std. 

Dev.

Min- 

imum

TABLE 4. MT. POLLEY BOUNDARY ZONE: STATISTICAL SUMMARY FOR ANALYSIS BY ICP-MS OF
DRY WESTERN REDCEDAR FOLIAGE
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50th 70th 80th 90th

Ag ppb 45 262 303 35 189 248 295 565 1545
Al % 45 2.4 0.84 1.21 2.16 2.606 2.858 3.426 6.16
As ppm 45 6.6 3.0 2.7 5.9 7.9 8.3 10.8 15.9
Au ppb 45 5.7 8.8 0.2 2.1 5.0 8.8 16.8 40.2
B ppm 45 4.3 2.7 2 4 4 4 8 16
Ba ppm 45 173 80 80 155 199 218 306 429
Be ppm 45 0.5 0.41 0.2 0.4 0.5 0.58 0.64 3.1
Bi ppm 45 0.15 0.12 0.07 0.12 0.14 0.15 0.21 0.83
Ca % 45 0.54 0.252 0.24 0.47 0.58 0.67 0.90 1.37
Cd ppm 45 0.29 0.23 0.06 0.27 0.31 0.38 0.43 1.55
Ce ppm 45 16.3 6.4 6.5 15.4 17.8 20.5 24.7 39.3
Co ppm 45 13.3 2.9 8.2 13.6 14.7 15.4 15.7 25
Cr ppm 45 51 21 4.2 56 65 72 75 80
Cs ppm 45 2.3 1.8 0.62 1.73 2.19 2.81 4.48 11.42
Cu ppm 45 118 198 8.07 52 91 145 269 1106
Fe % 45 3.8 0.53 2.72 3.87 4.082 4.186 4.356 5.92
Ga ppm 45 7.4 1.7 5.1 6.7 8.1 8.5 10.0 13.8
Ge ppm 45 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.1
Hf ppm 45 0.075 0.047 0.02 0.06 0.08 0.106 0.13 0.29
Hg ppb 45 81 91 16 45 66 106 202 469
In ppm 45 0.03 0.009 0.02 0.03 0.03 0.03 0.04 0.06
K % 45 0.106 0.045 0.06 0.1 0.11 0.118 0.14 0.3
La ppm 45 9.6 4.6 3.5 8.8 10.1 11.1 14.5 28.1
Li ppm 45 23 12.4 11.5 20 22 24 29 92
Mg % 45 0.65 0.19 0.21 0.66 0.732 0.75 0.854 1.34
Mn ppm 45 670 330 323 604 782 879 1040 1932
Mo ppm 45 1.09 0.88 0.2 0.72 1.29 1.56 2.38 4.01
Na % 45 0.011 0.004 0.006 0.01 0.013 0.014 0.016 0.028
Nb ppm 45 0.8 0.25 0.2 0.79 0.88 1.01 1.17 1.45
Ni ppm 45 28 14 3.1 31 35.2 38.3 42.8 73.3
P % 45 0.122 0.073 0.026 0.105 0.156 0.178 0.217 0.422
Pb ppm 45 10.5 13.2 4.91 7.14 9.5 11.7 14.9 94.3
Pd ppb 45 -10 -10 -10 -10 -10 -10 -10
Pt ppb 45 -2 -2 -2 2 2 2 2
Rb ppm 45 10.6 3.1 6.3 10 11 12 13 25
Re ppb 45 -1 -1 -1 1 1 1 2
S % 45 0.002 0.014 -0.01 -0.01 0.01 0.01 0.02 0.04
Sb ppm 45 0.26 0.1 0.14 0.24 0.26 0.3 0.44 0.58
Sc ppm 45 4.6 2.4 2.6 4.1 4.74 5.08 6.18 18.4
Se ppm 45 0.2 0.2 -0.1 0.1 0.2 0.3 0.64 0.7
Sn ppm 45 0.5 0.10 0.3 0.5 0.5 0.5 0.6 0.8
Sr ppm 45 56 21 26.2 51 59 64 86 127
Ta ppm 45 -0.05 0 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Te ppm 45 0.025 0.04 -0.02 0.02 0.04 0.058 0.09 0.11
Th ppm 45 1.95 0.82 0.7 1.8 2.12 2.5 2.92 5.5
Ti % 45 0.10 0.03 0.073 0.1 0.1 0.1 0.2 0.2
Tl ppm 45 0.06 0.04 0.04 0.05 0.05 0.06 0.064 0.27
U ppm 45 0.57 0.39 0.3 0.5 0.5 0.6 0.82 2.8
V ppm 45 113 20 67 117 124.4 128 137.8 155
W ppm 45 0.09 0.17 -0.1 0.1 0.1 0.2 0.2 0.9
Y ppm 45 4.8 5.8 2.1 3.2 3.9 4.8 6.6 37.2
Zn ppm 45 100 30 53 94 121 130 142 176
Zr ppm 45 3.75 2.16 1.5 3.2 3.62 5.32 6.9 11.9

pH 45 5.47 0.5 4.4 5.4 5.7 5.8 6.24 6.7

Max- 

imum

PercentilesEle- 

ment
Units N Mean

Std. 

Dev.

Min- 

imum

TABLE 5. MT. POLLEY BOUNDARY ZONE: STATISTICAL SUMMARY FOR ANALYSIS BY ICP-MS
OF –80 MESH B-HORIZON SOIL
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Fig ure 8. Mt. Polley Bound ary zone: Au in dry ce dar fo liage com pared to B-ho ri zon soil.
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Fig ure 9. Mt. Polley Bound ary zone: Hg in dry ce dar fo liage com pared to B-ho ri zon soil.
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Fig ure 10. Mt. Polley Bound ary zone: Cu in dry ce dar fo liage com pared to B-ho ri zon soil.
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Fig ure 11. Mt. Polley Bound ary zone: Mo in dry ce dar fo liage com pared to B-ho ri zon soil.
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50th 70th 80th 90th

Ag ppb 54 7.8 5.4 3 6 7 8 15 36
Al % 54 0.02 0.009 0.005 0.02 0.02 0.02 0.03 0.05
As ppm 54 0.3 0.6 0.05 0.1 0.2 0.2 0.4 3.7
Au ppb 54 1.4 1.3 0.1 0.9 1.6 2.2 3.1 5.5
B ppm 54 14 5 5 14 17 20 23 25
Ba ppm 54 81 38 2.8 73 93 105 134 208
Ca % 54 0.858 0.244 0.43 0.835 0.935 1.04 1.19 1.68
Cd ppm 54 0.06 0.04 0.01 0.05 0.07 0.08 0.12 0.17
Ce ppm 54 0.07 0.03 0.02 0.08 0.09 0.09 0.11 0.20
Co ppm 54 0.12 0.05 0.04 0.11 0.14 0.15 0.17 0.28
Cr ppm 54 1.96 0.13 1.70 2.00 2.00 2.10 2.15 2.20
Cs ppm 54 0.065 0.113 0.006 0.032 0.056 0.078 0.154 0.779
Cu ppm 54 11.6 4.6 4.1 10.5 12.8 14.4 16.8 33.6
Fe % 54 0.018 0.008 0.006 0.017 0.021 0.024 0.027 0.056
Ga ppm 54 0.05 0.1 0.1 0.1 0.1 0.1
Ge ppm 54 0.005 0.01 0.01 0.01 0.015 0.02
Hf ppm 54 0.002 0.001 0.001 0.002 0.002 0.003 0.003 0.005
Hg ppb 54 26 8 11 26 31 32 37 51
In ppm 54 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01
K % 54 0.509 0.082 0.35 0.52 0.555 0.57 0.605 0.74
La ppm 54 0.04 0.02 0.01 0.04 0.05 0.06 0.06 0.11
Li ppm 54 0.16 0.34 0.01 0.08 0.10 0.11 0.21 2.23
Mg % 54 0.096 0.023 0.038 0.097 0.108 0.119 0.125 0.154
Mn ppm 54 1253 751 346 1151 1573 1894 2150 4536
Mo ppm 54 0.14 0.09 0.05 0.13 0.15 0.17 0.21 0.54
Na % 54 0.002 0 0.001 0.002 0.002 0.002 0.003 0.003
Nb ppm 54 0.011 0.01 0.005 0.01 0.01 0.01 0.03 0.06
Ni ppm 54 0.7 0.3 0.3 0.7 0.8 0.9 1.1 2.0
P % 54 0.152 0.025 0.099 0.15 0.163 0.168 0.18 0.233
Pb ppm 54 0.16 0.07 0.06 0.15 0.19 0.21 0.27 0.46
Rb ppm 54 5.3 2.4 1.1 4.8 6.2 6.9 9.5 10.9
Re ppb 54 2.9 10.8 0.5 0.5 1 1 4.5 77
S % 54 0.084 0.024 0.005 0.09 0.1 0.1 0.115 0.12
Sb ppm 54 0.03 0.01 0.01 0.02 0.03 0.04 0.05 0.07
Sc ppm 54 0.24 0.06 0.1 0.2 0.3 0.3 0.3 0.3
Se ppm 54 0.19 0.09 0.1 0.2 0.2 0.2 0.2 0.6
Sn ppm 54 0.03 0.02 0.01 0.02 0.03 0.04 0.05 0.1
Sr ppm 54 26 9 6 25 28 33 40 52
Th ppm 54 0.005 0 0.005 0.005 0.005 0.005 0.005 0.005
Ti ppm 54 9.9 2.5 5 10 11 12 12.5 20
Tl ppm 54 0.024 0.016 0.01 0.02 0.03 0.04 0.05 0.07
U ppm 54 0.005 0.001 0.005 0.005 0.005 0.005 0.005 0.01
Y ppm 54 0.05 0.02 0.01 0.04 0.05 0.06 0.07 0.12
Zn ppm 54 47 16 12 47 55 58 66 90

Zr ppm 54 0.04 0.01 0.02 0.03 0.04 0.05 0.05 0.09

Max- 

imum

PercentilesEle- 

ment
Units N Mean

Std. 

Dev.

Min- 

imum

TABLE 6. POND ZONE: STATISTICAL SUMMARY FOR ANALYSIS BY ICP-MS OF DRY SUBALPINE
FIR FOLIAGE
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50th 70th 80th 90th

Ag ppb 60 282 235 67 227 287 392 486 1732
Al % 60 1.766 0.518 0.92 1.71 1.987 2.242 2.536 2.98
As ppm 60 5.9 3.0 2.2 4.9 6.7 7.5 11.4 16.3
Au ppb 60 15 22 -0.2 7.4 15.4 21 41 149
B ppm 60 2.3 0.9 1 2 3 3 4 5
Ba ppm 60 107 39 41 107 118 131 160 238
Be ppm 60 0.42 0.15 0.2 0.4 0.5 0.6 0.6 0.9
Bi ppm 60 0.17 0.12 0.07 0.13 0.17 0.21 0.26 0.7
Ca % 60 0.388 0.196 0.17 0.34 0.407 0.478 0.629 1.36
Cd ppm 60 0.22 0.11 0.09 0.2 0.25 0.28 0.39 0.59
Ce ppm 60 17 4 10.2 16.7 18.2 19.5 21.3 33.1
Co ppm 60 10.2 3.5 4.5 9.7 10.8 11.7 16.5 21.6
Cr ppm 60 31 9 18 29 33 38 45 57
Cs ppm 60 2.8 2.6 0.76 1.89 2.75 3.22 6.37 15.30
Cu ppm 60 72 102 11 41 63 85 152 652
Fe % 60 3.053 0.783 1.86 2.875 3.308 3.75 4.083 5.65
Ga ppm 60 6.2 1.5 3.8 6.1 6.8 7.5 8.7 10.0
Ge ppm 60 -0.1 -0.1 -0.1 -0.1 -0.1 0.1
Hf ppm 60 0.048 0.022 -0.02 0.049 0.06 0.068 0.08 0.11
Hg ppb 60 39 19 9 39 47 51 61 119
In ppm 60 0.02 0.02 -0.02 0.02 0.02 0.03 0.03 0.04
K % 60 0.084 0.031 0.04 0.08 0.1 0.1 0.119 0.19
La ppm 60 9.6 1.6 6.2 9.5 10.4 11.1 11.7 13.8
Li ppm 60 18.6 5.2 7.9 18.2 20.1 22.1 27.2 30.9
Mg % 60 0.482 0.215 0.17 0.45 0.524 0.598 0.767 1.22
Mn ppm 60 620 374 237 479 701 851 1165 1881
Mo ppm 60 1.7 1.6 0.5 1.1 1.5 2.3 4.2 7.2
Na % 60 0.008 0.004 0.005 0.007 0.008 0.009 0.01 0.031
Nb ppm 60 0.83 0.17 0.50 0.80 0.92 0.98 1.10 1.25
Ni ppm 60 18.4 8.4 6.6 17 21 23 31 51
P % 60 0.104 0.057 0.032 0.089 0.111 0.134 0.204 0.292
Pb ppm 60 7.0 2.1 4.5 6.5 7.1 8.0 10.6 13.9
Pd ppb 60 -10 0 -10 -10 -10 -10 -10 -10
Pt ppb 60 -2 -2 -2 -2 -2 2 2
Rb ppm 60 13.4 4.1 7.1 13.3 14.5 16.2 20.3 23.8
Re ppb 60 1.9 -1 -1 -1 -0.39 1.9 7
S % 60 0.011 0.045 -0.01 0.01 0.01 0.018 0.03 0.31
Sb ppm 60 0.29 0.08 0.15 0.28 0.33 0.36 0.41 0.52
Sc ppm 60 3.2 1.4 1.6 2.9 3.3 3.68 4.27 10.7
Se ppm 60 0.36 0.39 -0.1 0.2 0.387 0.48 0.7 2.2
Sn ppm 60 0.45 0.14 0.3 0.4 0.5 0.5 0.6 1.2
Sr ppm 60 58 39 19 44 57 77 109 232
Ta ppm 60 0 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Te ppm 60 0.013 0.029 -0.02 0.02 0.03 0.03 0.05 0.09
Th ppm 60 2.06 0.50 0.7 2.08 2.4 2.5 2.69 3.1
Ti % 60 0.103 0.039 0.049 0.094 0.112 0.123 0.148 0.276
Tl ppm 60 0.07 0.03 0.03 0.07 0.08 0.10 0.11 0.18
U ppm 60 0.42 0.12 0.2 0.4 0.4 0.5 0.5 1
V ppm 60 84 22 49 80 88 99 111 158
W ppm 60 0.14 0.16 -0.1 0.1 0.2 0.2 0.39 0.6
Y ppm 60 3.4 1.7 1.6 3.0 3.4 3.9 4.7 12.9
Zn ppm 60 98 38 49 86 120 131 152 197
Zr ppm 60 2.1 0.7 0.8 1.9 2.3 2.5 3.0 5.2

pH 59 5.1 0.5 4.3 5.1 5.2 5.4 5.8 6.4

Max- 

imum

PercentilesEle- 

ment
Units N Mean

Std. 

Dev.
Min- 

imum

TABLE 7. POND ZONE: STATISTICAL SUMMARY FOR ANALYSIS BY ICP-MS OF –80 MESH B-
HORIZON SOIL
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SOIL FIR NEEDLES

Fig ure 12. Pond zone: pro files of el e ment con cen tra tions in soil and fo liage of sub al pine fir along the north ern east-west tra verse (soil in left
col umn, sub al pine fir nee dles in right col umn).



from those in the soil by about 50 m. Fig ure 15 pres ents ex -
am ples of a few el e ments.

3Ts Prospect

TOMMY VEIN TO THE RINGER SHOWING

The tra verse cov er ing these oc cur rences is shown in
Fig ure 5. As noted, soil sam ples were only col lected along
the west ern half of the transect, and pre lim i nary de tails of
their mul ti fac eted anal y ses are out lined in Cook and Dunn
(2006).

Veg e ta tion cov er age is pri mar ily white spruce, and
lodgepole pine that has suf fered from the moun tain pine
bee tle kill. Sam ple me dia were spruce fo liage and outer
bark of the pine, and both have been an a lyzed. The fo liage
was orig i nally se lected as the pri or ity me dium for the halo -
gens, but re cent data on test sam ples of bark have yielded
rel a tively high con cen tra tions of io dine, so the bark sam -
ples will also be sub mit ted for halo gen anal y sis.

Near the west end of the tra verse, a num ber of veins
have been rec og nized and the spruce nee dles in di cate sub -
tle en rich ment of sev eral el e ments through out this zone in
gen eral, with some en rich ments closely re lated to the prin -
ci pal veins (Tommy and Larry) and, to a lesser ex tent, the

nar rower Ian vein. Far ther east, the Mint vein was tra versed 
and it, too, gen er ates a sub tle biogeochemical sig na ture.
The source of the boul ders that con sti tute the Ringer show -
ing has yet to be iden ti fied, and could be lo cated at sites be -
tween the Mint vein and the Ringer show ing where sub tle
peaks oc cur, since the di rec tion of ice move ment would
have trans ported the boul ders in an east erly di rec tion. Fig -
ure 16 pres ents pro files of sev eral el e ments in dry spruce
nee dles that show some of these re la tion ships. Gold is not
shown be cause val ues in the sub-ppb level were too im pre -
cise to be mean ing ful.

Of in ter est is a sharp in crease in Mo at the east ern ex -
trem ity of the tra verse. This is ev i dent from both the spruce
fo liage and the pine bark (Fig. 17), but with the bark yield -
ing al most an or der of mag ni tude more Mo. Iron, too,
shows strong en rich ment in the bark in this area. The en -
rich ment sug gests ei ther a change in bed rock or, given the
high con cen tra tions in the bark, Mo min er al iza tion.

TED VEIN TO ADRIAN WEST BOULDERS

The same plant spe cies and tis sues as those along the
Tommy vein tra verse were col lected along the tra verse ex -
tend ing from the Ted vein to the south ern edge of the boul -
der show ing near Adrian Lake (Fig. 5). Fig ure 18 shows the 
pro files across the Ted vein of S and Zn in each tis sue type.
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Fig ure 13. Plot of Au in dry Douglas-fir nee dles from tree tops, with clus ter of sam ples in the north show ing
re sults of new data from lower branches.



Mo lyb de num en rich ment at the east ern end of the line sug -
gests some strati graphic con ti nu ity with the end of the line
to the north, in the vi cin ity of the Ringer show ing (Fig. 5).

In gen eral, the re sponse of the veg e ta tion to known
min er al iza tion is less pro nounced than the sig na tures de -
rived from the soil (Cook and Dunn, 2006). It re mains to be
seen if the halo gen sig na tures will be more de fin i tive.

SUMMARY AND PRELIMINARY
CONCLUSIONS

Gold-rich Douglas-fir nee dles and lodgepole pine bark 
ar chived from GSC sur veys over the QR de posit in the late
1980s have served as pre lim i nary sam ples for test ing and
de vel op ing var i ous meth ods to de ter mine the halo gen el e -
ments: F, Cl, Br and I. Sev eral por tions of each of three stan -
dard soil sam ples (STSD-1, STSD-4 and TILL-4) were

used for de vel op ing meth ods ap pro pri ate for B-ho ri zon
soil.

Fif teen dif fer ent meth ods were tested at com mer cial
lab o ra to ries in Can ada and at the GSC, of which some
meth ods were du pli cated at sev eral of the lab o ra to ries. The
test data in di cate widely di ver gent re sults for most of the
halo gens. This is due, in part, to dif fer ences be tween ‘to tal’
and ‘par tial’ anal y ses, but prob lems mostly lie in se lect ing
ap pro pri ate di ges tions and in stru men ta tion. Whereas the
ion chromatograph would ap pear to be ideal for de ter min -
ing the halo gens and other an ions, the prob lems in ob tain -
ing ac cu rate and pre cise data are at pres ent suf fi ciently sig -
nif i cant, es pe cially for the veg e ta tion, that this is not the
rec om mended tech nique.

At this time, it ap pears that ICP-MS is the pre ferred
tech nique for I, Br and prob a bly Cl, and ex per i men tal data
from var i ous leaches will be used for the fi nal de ci sion on
the cur rently op ti mal an a lyt i cal method. Flu o ride de ter mi -
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Fig ure 14. Cariboo zone (6 km east of QR de posit): ex am ples of multielement sig na tures in B-ho ri zon soils



na tions are likely to be con ducted us ing a se lec tive ion elec -
trode on a wa ter leach of both soil and veg e ta tion.

Multielement anal y ses (by ICP-MS for 53 el e ments)
pro vide data on the dis tri bu tion of el e ments in soil and veg -
e ta tion with re spect to known min er al iza tion at the three
sur vey ar eas. A few points of note are some un usu ally high
Re re sults from the Mt. Polley area; some high Mo re sults
near two min er al ized boul der oc cur rences at 3Ts; en rich -
ment of base and pre cious met als, in clud ing traces of Pt, at
the Cariboo zone (east of the QR de posit). In gen eral, the
soil pro vides stron ger sig na tures than the veg e ta tion tis sues 
that were tested, but the veg e ta tion sug gests ev i dence of
min er al iza tion from a num ber of trace el e ments that are not
ev i dent from the soil. Also, veg e ta tion anom a lies ap pear to
be lo cated more di rectly over con cealed min er al iza tion
than anom a lies pres ent in the soil, be cause the lat ter are dis -
placed ei ther downslope or down-ice from min er al iza tion.

De tails of the multielement an a lyt i cal data and the
halo gen data that have yet to be ob tained will be pre sented
in a fi nal re port sub mit ted to Geoscience BC by March
2006.
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