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INTRODUCTION

The Tahtsa Lake dis trict has high po ten tial to host new
por phyry Cu±Mo and polymetallic vein-style (in clud ing
Au) min er al iza tion. Cen tred on Tahtsa Lake (ap prox i -
mately 100 km south of Hous ton, Brit ish Co lum bia; Fig ure
1), this dis trict, and ar eas im me di ately ad ja cent to it, have a
rich min eral ex plo ra tion his tory and at pres ent host a pro -
duc ing por phyry Cu-Mo mine (Huck le berry mine) and nu -
mer ous de vel oped Cu±Mo pros pects (e.g., Berg, Lucky
Ship, Whit ing Creek; Mac In tyre, 1985). This dis trict also
hosts epi ther mal vein and per haps volcanogenic mas sive
sul phide (VMS)–style min er al iza tion, as sug gested by past
pro duc ers such as Eq uity Sil ver and Em er ald Gla cier (Mac -
In tyre, 1985; MacIntyre et al., 2004; Alldrick et al., 2007;
Figure 2).

Cur rently there are large ar eas of unstaked ground
within, and ad ja cent to, the north ern and north east ern por -
tion of the Tahtsa Lake dis trict. Much of this area is cov ered
with gla cial drift and con tin u ous bed rock out crop is lim ited
to the higher peaks and their steep flanks. Till geo chem i cal
sur veys are an ef fec tive method for as sess ing the me tal lic
min eral po ten tial of ar eas cov ered with gla cial drift and are
ide ally suited to as sess ing the po ten tial for new min er al iza -
tion in this area. Till geo chem i cal sur veys are also well
suited for fol low ing up on air borne geo phys i cal data re -
cently ac quired by Geoscience BC for the QUEST-West
Pro ject area (Kowalczyk, 2009), where drift can cover
electrically anomalous bedrock.

A two-year Qua ter nary ge ol ogy and till geo chem is try
pro gram is cur rently un der way within the north ern por tion
of the Tahtsa Lake dis trict, and ad ja cent ar eas (NTS map ar -
eas 093E/15, 16, 093L/01, 02; Fig ure 2). The ob jec tives of
this pro gram are to

1) char ac ter ize and de lin eate the Qua ter nary ma te ri als
that oc cur in the study area and re con struct the re gion’s 
gla cial and ice-flow his tory; and

2) as sess the eco nomic po ten tial of cov ered bed rock
(subcrop) by con duct ing till geo chem is try surveys.

The study area falls within the moun tain pine bee tle–
im pacted zone and Geoscience BC’s QUEST-West Pro ject
area. The goal of this pro ject is to pro vide to the min eral ex -
plo ra tion com mu nity high-qual ity, re gional-scale, geo -
chem i cal data that will help guide ex plo ra tion ef forts. In te -
grat ing in ter pre ta tions of these data with other geo chem i cal 
and geo phys i cal data be ing col lected by Geoscience BC in
the QUEST-West Pro ject area, and his toric data that have
been col lected by the Brit ish Co lum bia Geo log i cal Sur vey
(BCGS) and the Geo log i cal Sur vey of Can ada (GSC), will
pro vide a pow er ful tool for companies exploring in this
drift-covered area.

The fo cus of this pa per is surficial ge ol ogy map ping
and the sam pling com po nent of a till geo chem i cal sur vey
com pleted within the Nadina River map area (NTS
093E/15) dur ing the 2009 field season.

STUDY AREA

The study area is lo cated in west-cen tral BC, ap prox i -
mately 100 km south west of Hous ton, in NTS map area
093E/15 (Fig ures 1, 2). It is ac ces si ble by For est Ser vice,
pri vate and aban doned mine and min eral ex plo ra tion roads. 
Qua ter nary sed i ments were stud ied in de tail within NTS
093E/15 while a re gional-scale gla cial his tory and ice-flow
study was con ducted within NTS 093E/15 and 16. The pri -
mary ob jec tive of this year’s till geo chem is try sur vey is to
as sess the min eral po ten tial of NTS 093E/15. To do this, ad -
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This pub li ca tion is also avail able, free of charge, as col our
dig i tal files in Adobe Ac ro bat® PDF for mat from the BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

Fig ure 1. Lo ca tion of study area in west-cen tral Brit ish Co lum bia.

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
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Fig ure 2. Study area in clud ing lo ca tions of min eral oc cur rences, west-cen tral Brit ish Co lum bia. Also shown are lo ca tions of till sam ples col lected dur ing the 2009 field sea son.



di tional till sam ples were col lected within por tions of NTS
093E/11, 14 and 16 to take into ac count the study area’s
complex ice-flow history.

The ma jor ity of the study area is sit u ated in the Ne -
chako Pla teau, a sub di vi sion of the In te rior Pla teau. The
Nechako Pla teau is an area of low re lief with flat or gently
roll ing to pog ra phy (within the study area, 880–944 m asl)
most of which is cov ered by a pack age of gla cial sed i ments
(Fig ure 2; Hol land, 1976). Al though bed rock out crop is rel -
a tively un com mon, some ex po sures can be found at the
stoss (i.e., up-ice) end of crag-and-tail forms, along lake
shore lines, on higher ground within Shel ford (1494 m asl)
and Mos quito (1402 m asl) hills, and on lo cal small-scale
ero sional rem nants that stand above the pla teau sur face to
the west and north west of Shel ford Hills (Fig ure 3). Bed -
rock out crop can also be found in the up per reaches of the
Nadina River val ley and within roadcuts as so ci ated with
newly con structed for estry roads. The very south west cor -
ner of the study area is sit u ated in the Tahtsa Ranges, a
north west-trending belt of nongranitic moun tains that
range in el e va tion from 2100 to 2431 m asl (Hol land,
1976). These moun tains are sit u ated be tween the Nechako
Pla teau to the east and the Coast Moun tains to the west.
While the ma jor ity of hills and moun tains within the
Nechako Pla teau are for ested, the Tahtsa Ranges extend up
into subalpine and alpine environments.

Small lakes are com mon within the study area and can
be in ter con nected form ing lake chains. The larg est lake
within the study area is Ootsa Lake, which is part of an in -
ter con nect se ries of large lakes (i.e., Tahtsa, Ootsa,
Whitesail, Eutsuk, Tetachuk, Natalkuz lakes) that make up
the Nechako Res er voir. Nadina River flows in an arc
through the north-cen tral part of the study area, con nect ing
Nadina Lake to Francois Lake, and is the larg est river in the
study area.

BEDROCK GEOLOGY

The bed rock ge ol ogy of the study area was first de -
scribed and mapped by Hed ley (1935) and was in cluded in
sub se quent map ping by Duffell (1959). The main geo log i -
cal sub di vi sions found in the study area, as sum ma rized
from Woodsworth (1980), Mac In tyre (1985), Mac In tyre et
al. (1994) and Diakow (2006), are as fol lows. The Tahtsa
Lake dis trict lies within the Stikine terrane, just east of the
Coast Crys tal line Belt (Mon ger et al., 1991). The west ern
part of the study area is un der lain mainly by Early to Mid dle 
Ju ras sic Hazelton Group vol ca nic and sed i men tary rocks
(Fig ure 4). In places, these rocks are un con form ably over -
lain by Early Cre ta ceous Skeena Group ma rine sed i men -
tary rocks and lo cal ba salt to an de site flows. These rocks
are in turn un con form ably over lain by fel sic pyroclastics,
fel sic flows and youn ger ba saltic flows of the Early to Late
Cre ta ceous Kasalka Group vol ca nic rocks. Small- to
medium-sized, Late Cre ta ceous to Early Ter tiary stocks
have in truded these vol ca nic piles and sed i men tary pack -
ages. Else where in the re gion, there is a strong pos i tive re la -
tion ship be tween the lo ca tion of in tru sive rock types (in
par tic u lar por phy ritic in tru sions like those of the Late Cre -
ta ceous Bulkley suite) and the locations of Cu, Mo, Au, Pb,
Zn and/or Ag mineralization (Carter, 1981; MacIntyre,
1985).

In the most east ern part of the study area, Eocene Ootsa 
Lake Group fel sic to mafic vol ca nic rocks dom i nate. Youn -
ger, and less wide spread, Eocene to Lower Mio cene
Endako Group ba saltic and al ka line vol ca nic rocks do also
oc cur lo cally. An ap prox i ma tion of the ar eal ex tent of Qua -
ter nary sed i ment cover has been in cluded in Fig ure 4 and is
rep re sented by a light grey trans par ent overlay and black
dashed line.

Sig nif i cant con tri bu tions to -
wards the un der stand ing of the re -
gion’s metallogenesis, in par tic u lar
por phyry Cu-Mo de pos its, have
been made by Carter (1981) and
Mac In tyre (1985). Other de tailed
work has been con ducted on spe -
cific me tal lic min eral de pos its ad ja -
c e n t  t o  t h e  s t u d y  a r e a  ( e . g . ,
Panteleyev, 1981; Cyr et al., 1984;
Jack son and Illerbrun, 1995) and ad -
di tional geo log i cal in for ma tion on
lo cal min eral oc cur rences and
claims is avail able in the BCGS As -
sess ment Re port In dex ing Sys tem
(ARIS). More re cently, Mac In tyre
(2001), Mac In tyre et al. (2004),
Alldrick (2007a, b) and Alldrick et
al. (2007) have in ves ti gated the min -
eral po ten tial of mid-Cre ta ceous
rhyolites of the Rocky Ridge For ma -
tion. This work sug gests that these
rhyolites have po ten tial to host
VMS-type de pos its. While rhyolites 
do oc cur within the study area, they
have been as signed to the youn ger,
Eocene Ootsa Lake Group. Lim ited
out crop and a lack of ob serv able
field re la tion ships make it dif fi cult
to as sess whether these rhyolites are
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Fig ure 3. Sub dued to pog ra phy of the south west cor ner of the study area, west-cen tral Brit ish
Co lum bia. View is to wards the east with Mos quito Hills in the back ground. Note red-col oured
pine trees in mid dle of pho to graph, in di cat ing that moun tain pine bee tles have moved through
the area.
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Fig ure 4. Bed rock ge ol ogy of the study area, west-cen tral Brit ish Co lum bia. Qua ter nary sed i ment cover is ap prox i mated by the light grey
trans par ent over lay and black dashed line. Bed rock con tacts have been ex tended be neath this trans par ent over lay.



in fact Eocene in age or older and perhaps equivalent to
Rocky Ridge Formation rhyolites.

Mineral Occurrences

There are five doc u mented min eral oc cur rences within 
the study area (Fig ure 4). Tets (MINFILE 093E  084;
MINFILE, 2009; Cu, Zn, Pb, Ag veins) and Shel ford Hills
(MINFILE 093E  085; Zn, Pb, Au epi ther mal veins) are
vein-type show ings while Rip (MINFILE 093E  092; Cu
and Mo calcalkaline por phyry), Dilys (MINFILE
093E  094; Cu min er al iza tion) and Hill (MINFILE
093E  097; Cu, Au, Zn alkalic por phyry) are por phyry-type
show ings. Al though there is no MINFILE oc cur rence as so -
ci ated with it, there is a claim block in the south west cor ner
of the study area, cen tred on Mos quito Hills (Fig ure 4).
Known as the Rox claims, min er al iza tion here con sists of
sul phide and pre cious metal-bear ing veinlets, pre dom i -
nantly hosted in Mid dle Ju ras sic Smithers For ma tion sed i -
men tary rocks. Min er al iza tion is likely as so ci ated with ei -
ther a por phyry, polymetallic vein or epi ther mal sys tem
(Ogryzlo, 2003; Lane, 2008). Im me di ately west of Tahtsa
Reach Road, this claim block butts against a claim block
held by Huck le berry Mine Ltd. This ad ja cent block ex tends 
to the west and is con tin u ous from the mineral lease that
covers the Huckleberry minesite.

The re gion has a rich ex plo ra tion his tory and is well
en dowed with me tal lic min eral de pos its. Ad ja cent to the
study area are note wor thy past-pro duc ing mines and one
still in op er a tion (Fig ure 2). Ap prox i mately 13 km to the
south west of the study area is Huck le berry mine, a pro duc -
ing por phyry Cu-Mo mine with a pro duc tion rate of ap -
prox i mately 17 000 tonnes of ore per day. Av er age grades
for 2008 were 0.316% Cu and 0.006% Mo. Mine life is ex -
pected to ex tend to the end of 2011(Im pe rial Met als Cor po -
ra tion, 2009). An other 9 km north west of Huck le berry
mine is the past-pro duc ing Em er ald Gla cier mine, a Pb, Zn,
Ag and Au vein de posit. This mine op er ated in ter mit tently
be tween 1951 and 1968 and pro duced 2.6 mil lion g of Ag,
1524 g of Au, 891 t of Zn, and 766 t of Pb (MINFILE
093E  001). Ap prox i mately 26 km to the north east of the
study area is Eq uity Sil ver, a past-pro duc ing Cu-Ag-Au
mine, which was in pro duc tion from 1980 to 1994. Com -
bined mine pro duc tion here was 33.8 mil lion tonnes grad -
ing at 64.9 g/t Ag, 0.4% Cu and 0.46 g/t Au (MINFILE
093L  001). De vel oped pros pects in the re gion such as Berg
(por phyry Cu-Mo), Whit ing Creek (por phyry Cu-Mo), and
Lucky Ship (por phyry Mo) also dem on strate the po ten tial
for ore-grade bed rock to oc cur within the re gion (Fig ure 2).
In all in stances men tioned here, ore-grade bed rock is
closely as so ci ated with Late Cre ta ceous and youn ger
plutonic rocks. Intrusive suites of similar age and
composition do exist within the study area.

QUATERNARY GEOLOGY

Pre vi ous Qua ter nary ge ol ogy work con ducted within
the study area is lim ited to soils and ter rain map ping. Re -
search ers with the BC Min is try of En vi ron ment were the
first to map the area, pro duc ing a 1:50 000 scale soil and
landform map (Young, 1976). Singh (1998) has com pleted
the most re cent map ping within the study area, a ter rain
clas si fi ca tion map. Di rectly south and ad ja cent to the study
area, Ferbey and Levson (2001a, b, 2003) and Ferbey
(2004) con ducted a de tailed study of the Qua ter nary ge ol -

ogy and till geo chem is try of the Huck le berry mine re gion.
In cluded in this work was surficial ge ol ogy map ping and
de tailed sedimentological de scrip tions for Qua ter nary sed -
i ments in the vi cin ity of Huck le berry mine. Also in cluded
in work was an investigation into the region’s ice-flow
history.

Qua ter nary geo log i cal stud ies have been con ducted in
ar eas ad ja cent to the study area. To the north and north west,
Clague (1984), Tip per (1994) and Levson (2001a, 2002)
dis cuss the Qua ter nary ge ol ogy and geomorphological fea -
tures of por tions of NTS 093L, M and 103I, P. To the north -
east, Plouffe (1996a, b) mapped the surficial de pos its, and
de scribed the Qua ter nary stra tig ra phy, of the west half of
NTS 093K. Mate (2000) con ducted a sim i lar study to the
south east in NTS map area 093F/12.

Surficial Geology

Dur ing the 2009 field sea son surficial ma te ri als were
de scribed at 131 sites within the study area. Ob ser va tions
were made at roadcuts and streamcuts, dis con tin u ous ex po -
sures along Ootsa Lake and in hand-dug pits. Data col -
lected at each site in cluded map unit, top o graphic po si tion,
slope as pect and an gle, and sedimentological char ac ter is -
tics, such as tex ture, struc ture, lat eral and ver ti cal vari abil -
ity, lower con tacts and re la tion ships with adjacent sediment 
types.

The dom i nant surficial ma te rial found in the study area 
is an overconsolidated, grey to brown diamicton with a silt-
rich ma trix. It is typ i cally mas sive and ma trix sup ported,
and in many ex am ples ver ti cal joint ing and subhorizontal
fissility is well de vel oped (Fig ure 5). Ma trix pro por tion
var ies from 70 to 80% and modal clast size is small peb ble
but lo cally can in clude boul der-sized ma te rial and larger.
Clast shape is typ i cally subangular to subrounded. In lower
val ley set tings, it oc curs as thick units (>2 m thick) that typ -
i cally over lie gla cially eroded and pol ished bed rock. On
hill flanks and in higher el e va tion set tings, it oc curs as thin -
ner units (<2 m thick), in clud ing ve neers (<1 m thick), that
are closely as so ci ated, and dis con tin u ous, with lo cally de -
rived diamicton (e.g., col lu vium) and bed rock. The sur face
ex pres sion of this diamicton most of ten con forms to un der -
ly ing bed rock to pog ra phy but also can be stream lined, as
seen in the drumlinized and fluted ter rain be tween the south 
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Fig ure 5. Silt- and clay-rich, overconsolidated diamicton, in ter -
preted as a basal till (west-cen tral Brit ish Co lum bia). Mod er ately
well de vel oped ver ti cal joint ing and subhorizontal fissility give this
basal till a blocky ap pear ance. Pick for scale (65 cm long).



and south east flanks of Shel ford Hills and the north ern
shore of Ootsa Lake. These char ac ter is tics are con sis tent
with those of a subglacially de rived diamicton (Dreimanis,
1989). This unit is in ter preted to be a basal till, the ideal
sample medium for a till geochemistry survey.

Glaciofluvial sand and gravel can also be found within
the study area. Sandy, peb ble- to cob ble-sized grav els oc -
cur in fan-like fea tures at the mouths of gulleys that head in
higher ground, such as Shel ford and Mos quito hills, and are 
re lated to melt wa ter drain ing off this high ground from
stag nant ice. Sim i lar sized grav els also oc cur within late-
gla cial to deglacial drain age sys tems (now aban doned) as
outwash plains and esker-like ridges (e.g., in the Fish Lake
area and south through the An drews Creek area to wards
Ootsa Lake). Silt- and clay-rich glaciolacustrine and lac us -
trine sed i ments only rarely oc cur within the study area.
Thick or ganic units are, how ever, com mon along the shore -
lines of smaller lakes and in low-ly ing ar eas that sep a rate
these smaller lakes when they occur in chains.

Surficial map ping is cur rently in prog ress for NTS
093E/15. This map ping is be ing con ducted at a scale of
1:50 000, us ing ae rial pho to graphs (1:40 000 scale, black
and white), dig i tal orthophotographs and other avail able
re motely sensed im ag ery (e.g., Land sat). An in te gral part of 
this map ping is the re con struc tion of the re gion’s gla cial
and ice-flow his tory us ing macro-scale land forms (e.g.,
drum lins, flutes, crag-and-tail forms) iden ti fi able in
remotely sensed imagery.

Ice-Flow History

Ferbey and Levson (2001a, b) and Ferbey (2004) built
on pre vi ous work by Stumpf et al. (2000) that in di cated
there was an ice-flow re ver sal in west-cen tral BC dur ing
the Late Wisconsinan gla cial max i mum. Dur ing the on set
of gla ci ation, ice flowed ra di ally from ac cu mu la tion cen -
tres, such as the Coast Moun tains, to wards cen tral BC.
Some time dur ing the gla cial max i mum, how ever, the ice di -
vide over the Coast Moun tains mi grated east into cen tral
BC re sult ing in an ice-flow re ver sal. Gla ciers were then
flow ing west across some parts of the west ern Nechako
Pla teau, over the Coast Moun tains and to wards the Pa cific
Ocean. East ward ice flow re sumed once the ice di vide mi -
grated back over the axis of the Coast Moun tains, and con -
tin ued until the close of the Late Wisconsinan glaciation.

Ev i dence for this ice-flow re ver sal in the Huck le berry
mine re gion is seen in macro-scale gla cial land forms (e.g.,
crag-and-tail forms, roches moutonnées) and mi cro-scale
ice-flow in di ca tors (e.g., rat tails, roches moutonnées) on
bed rock out crop in val ley bot toms and at higher el e va tion
sites (i.e., >1500 m asl; Fig ure 6). This ice-flow re ver sal is
also de tect able in trace-el e ment till geo chem i cal data from
Huck le berry mine (Ferbey and Levson, 2007). One of the
chal lenges of in ter pret ing till geo chem i cal data col lected as 
part of this pro ject, and other sim i lar pro jects be ing con -
ducted within the re gion, will be de ter min ing trans port di -
rec tion of basal till and con versely the di rec tion to a bed -
rock source of till samples elevated in elements of interest.

Dur ing the 2009 field sea son, ice-flow data were ob -
served and re corded at 33 field sta tions. These data were
used to sup ple ment an ad di tional 120 field sta tions, and 207 
mod er ately well to well pre served stream lined land forms
mea sured in ae rial pho to graphs, pre sented and dis cussed
by Ferbey and Levson (2001b). The ma jor ity of bed rock
out crop stud ied in the field is lo cated on the lower flanks of

hillslopes ex posed in roadcuts. In these ex po sures, out -
crop-scale fea tures such as striations, grooves and rat tails
were stud ied and mea sured (Fig ure 7). Landform-scale fea -
tures such as crag-and-tail ridges and roches moutonnées
were also mea sured. Ori en ta tions of these fea tures in di cate
that there are two dom i nant ice-flow di rec tions in the re -
gion, 054–096° and 252–306°. These val ues are in agree -
ment with those pre sented by Ferbey and Levson (2001a, b) 
and Ferbey (2004) and con firm that there was an ice-flow
re ver sal within the study area during the Late Wisconsinan.

TILL GEOCHEMISTRY SURVEY

Till geo chem i cal sur veys can de tect known sources of
min er al iza tion and iden tify new geo chem i cal ex plo ra tion
tar gets (e.g., Levson et al., 1994; Cook et al., 1995; Sibbick
and Kerr, 1995; Plouffe, 1997; Levson, 2002; Ferbey,
2009). Till geo chem i cal sur veys are well suited to as sess ing 
the min eral po ten tial of ground cov ered by gla cial drift.
Basal till, the sam ple me dium used in these sur veys, is ideal
for these as sess ments as in most cases it has a rel a tively
sim ple trans port his tory, is de pos ited di rectly down-ice of
its source, and pro duces a geo chem i cal sig na ture that is
areally more ex ten sive than its bed rock source and there -
fore, at a re gional scale, can be more easily detected
(Levson, 2001b).

Di rectly south and ad ja cent to the study area, Ferbey
and Levson (2001a) and Ferbey (2004) con ducted a de -
tailed till geo chem is try sur vey of the Huck le berry mine re -
gion. These stud ies dem on strate a clear re la tion ship be -
tween till sam ples el e vated in Cu, Mo, Au, Ag and Zn and
Cu-Mo ore zones at Huck le berry mine and smaller scale
polymetallic vein oc cur rences on the mine prop erty. Lat -
eral and ver ti cal vari abil ity in trace-el e ment con cen tra tions
in till at Huck le berry mine pro vide fur ther ev i dence for an
ice-flow re ver sal in the re gion dur ing the Late Wisconsinan 
gla cial max i mum (Ferbey and Levson, 2007). These re sults 
sug gest that in ter pret ing trace-el e ment geo chem i cal data
from tills or soils in this re gion can be com plex, in
particular when considering transport direction.

Plouffe and Ballantyne (1993), Plouffe (1995), Plouffe 
et al. (2001) and Levson and Mate (2002) have also con -
ducted till geo chem is try sur veys to the east of the study
area, in NTS map ar eas 093F and K. Us ing per cen tile plots
of pre cious-metal, base-metal and path finder el e ment con -
cen tra tions, and/or gold grain counts, each of these sur veys
iden ti fies pro spec tive ground where there are no known
min eral occurrences.

Sample Media

Dur ing the 2009 field sea son, 2–3 kg till sam ples were
col lected at 84 sam ple sites for ma jor, mi nor and trace-
element geo chem i cal anal y ses (Fig ures 2, 8). An ad di tional 
16 till sam ples, each weigh ing 10–15 kg, were col lected for
heavy min eral sep a ra tion and gold grain counts (Fig ure 2).
These larger sam ples were col lected at sites where an ad e -
quate amount of sam ple ma te rial was ex posed. Given that
net trans port di rec tion in the study area was likely af fected
by an ice-flow re ver sal dur ing the Late Wisconsinan gla cial 
max i mum, till sam ples were col lected out side of NTS
093E/15 to take into ac count pos si ble east and west trans -
port of basal till. Till sam ple den sity for this sur vey is one
sam ple per 14 km2. For sim plic ity, ar eas in ac ces si ble by
truck (e.g., Shel ford Hills), and ar eas where till does not oc -
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Fig ure 6. Ice-flow his tory of the Tahtsa Lake–Ootsa Lake re gion, west-cen tral Brit ish Co lum bia (af ter Ferbey and Levson, 2001b).



cur, were in cluded in this cal cu la tion. The ma jor ity of
unweathered till in the study area oc curs >1 m be low sur -
face and so most till samples were collected at this depth or
lower.

Till sam ples col lected for ma jor, mi nor and trace-
element anal y ses are be ing sieved, and de canted and cen tri -
fuged, to pro duce a silt- plus clay-sized (<0.063 mm) and
clay-sized (<0.002 mm) frac tion. This sam ple prep a ra tion
is be ing con ducted at Acme An a lyt i cal Lab o ra to ries Ltd.
(Van cou ver, BC). Heavy min eral sam ples have been sent to
Over bur den Drill ing Man age ment (ODM; Nepean, ON),
where heavy min eral (0.25–2.0 mm) and gold grain
(<2.0 mm) con cen trates are be ing pro duced us ing a com bi -
na tion of gravity tabling and heavy liquids.

On the 2–3 kg sam ples, mi nor and trace-el e ment anal y -
ses (37 el e ments) will be con ducted on splits of the silt- plus 
clay- and clay-sized frac tions, re spec tively, by in duc tively
cou pled plasma-mass spec trom e try (ICP-MS), fol low ing
an aqua-regia di ges tion. Ma jor el e ment anal y ses will be
con ducted on a split of the silt- plus clay-sized frac tion only 
us ing in duc tively cou pled plasma-emis sion spec trom e try
(ICP-ES), fol low ing a lith ium metaborate/tetraborate fu -
sion and di lute ni tric acid di ges tion. This an a lyt i cal work
will be con ducted at Acme Analytical Laboratories Ltd.
(Vancouver, BC).

Also as part of this pro ject, a split of the silt- plus clay-
sized frac tion (<0.063 mm) will be an a lyzed for 35 el e -
ments by in stru men tal neu tron ac ti va tion anal y sis (INAA)
at Becquerel Lab o ra to ries Inc. (Mississauga, ON). INAA
for el e ments such as Au, Ba and Cr com ple ment those pro -
duced by aqua-regia di ges tion fol lowed by ICP-MS as they
are con sid ered to be a near-to tal de ter mi na tion and hence
more rep re sen ta tive of rock-form ing and eco nomic min eral 
geo chem is try. Ad di tion ally, INAA de ter mi na tions will be
con ducted on bulk heavy min eral con cen trates pro duced
from the 10–15 kg sam ples. Heavy min eral pick ing, scan -
ning elec tron microscopy anal y ses on dif fi cult-to-iden tify
heavy min eral grains, and peb ble counts may be con ducted
on these sam ples at a later date. In stru men tal neu tron ac ti -

va tion anal y sis will dictate for which samples, if any, these
additional and costly analyses are warranted.

Quality Control

Qual ity con trol mea sures for an a lyt i cal de ter mi na tions 
in clude the use of field du pli cates, an a lyt i cal du pli cates and 
ref er ence stan dards. For each block of 20 sam ples sub mit -
ted for anal y sis, one field du pli cate (taken at a ran domly se -
lected sam ple site), one an a lyt i cal du pli cate (a sam ple split
af ter sam ple prep a ra tion but be fore anal y sis) and one ref er -
ence stan dard will be in cluded in INAA and ICP-MS anal y -
sis. Ref er ence stan dards used will be a com bi na tion of cer -
ti fied Can ada Cen tre for Min eral and En ergy Tech nol ogy
(CANMET) and in-house BCGS geo chem i cal ref er ence
ma te ri als. Du pli cate sam ples will be used to mea sure sam -
pling and an a lyt i cal vari abil ity, whereas ref er ence
standards will be used to measure the accuracy and
precision of the analytical methods.

QUATERNARY DRIFT COVER AND
MINERAL EXPLORATION

Ob ser va tions made dur ing the 2009 field sea son sug -
gest that drift cover within the study area may not be a sig -
nif i cant hin drance to min eral ex plo ra tion. In gen eral, drift
ap pears to be less areally ex ten sive than was once thought.
Also, a re cent in crease in log ging ac tiv ity has not only re -
sulted in im proved ac cess to the study area, through the
build ing of new roads, but has also re sulted in the cre ation
of new bed rock ex po sures. For ex am ple, a pre vi ously un -
mapped quartz diorite ridge was ob served in a roadcut on
the south east flank of Shel ford Hills (Fig ure 9). Sim i lar ob -
ser va tions were made by Mihalynuk et al. (2008, 2009)
while con duct ing bed rock map ping and re source po ten tial
stud ies in NTS map ar eas 093C/1, 8 and 9, ar eas that had re -
ceived lit tle at ten tion by the min eral ex plo ra tion in dus try
be cause of a per ceived prob lem with thick and con tin u ous
Late Oligocene to Pleis to cene Chil cotin Group ba salt and
Qua ter nary drift cover. Mihalynuk et al. de ter mined that
this per cep tion was un founded and that bed rock ex po sures
do ex ist. While con duct ing foot tra verses at suf fi cient
enough den sity for 1:50 000 scale bed rock map ping, they
de scribed ten new me tal lic min eral oc cur rences. A sim i lar
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Fig ure 7. Mod er ately well pre served rat tails on an out crop of
Skeena Group con glom er ate, west-cen tral Brit ish Co lum bia. In the 
cen tre of this pho to graph is a large rat tail in di cat ing ice flow to -
wards the west-south west. Note that just above it and to the right is
a smaller rat tail in di cat ing ice flow to wards the east. This out crop is 
lo cated on the south ern flank of Shel ford Hills, north of An drews
Creek, and is the only out crop of Skeena Group con glom er ate ob -
served within the study area.

Fig ure 8. Typ i cal till sam ple site (west-cen tral Brit ish Co lum bia).
Shown is a 2–3 kg sam ple col lected for ma jor, mi nor and trace-
element geo chem i cal anal y ses. Pick for scale (65 cm long).



ap proach to bedrock mapping and prospecting within NTS
map area 093E/15 could result in similar success.

Within the study area, not only is drift less areally ex -
ten sive than was once thought, it is also likely not as thick.
It is rel a tively com mon to see small bed rock knobs (metres
to a cou ple tens of metres across) ex tend ing through Qua -
ter nary cover to sur face. Ad di tion ally, as ob served in
roadcuts, Qua ter nary cover may only be 1–2 m thick, with
basal till di rectly over ly ing gla cially eroded and pol ished
bed rock. Ex cep tions can be found in some of the larger val -
leys like Nadina River val ley, or in aban doned late-gla cial
and deglacial drainages, such as the one that ex tends south
from Fish Lake, down An drews Creek to Ootsa Lake. In
these ex am ples, val ley fill and glaciofluvial se quences are
typ i cally thick and blan ket much if not all un der ly ing bed -
rock units. These gen eral ob ser va tions could prove use ful
in guid ing and in ter pret ing data from fu ture geological,
geophysical and/or geochemical surveys.

SUMMARY

The 2009 field sea son saw the com ple tion of field work 
for year one of a two-year Qua ter nary ge ol ogy pro gram that 
is de signed to as sess the min eral po ten tial of the north ern
por tion of the Tahtsa Lake dis trict and ad ja cent ar eas (NTS
093E/15, 16, 093L/01, 02). This study area falls within
Geoscience BC’s QUEST-West Pro ject area where ad di -
tional geo chem i cal data have been com piled and col lected,
min eral oc cur rence data have been up dated (i.e.,
MINFILE, 2009), and he li cop ter-borne time do main elec -
tro mag netic and grav ity data have been ac quired. The fo cus 
of this year’s work is the Nadina River map area (NTS
093E/15) where 84 basal till sam ples, each weigh ing 2–
3 kg, were col lected for ma jor, mi nor and trace-el e ment
geo chem i cal anal y ses, and an ad di tional 16 till sam ples,
each weigh ing 10–15 kg, were col lected for sep a ra tion and
anal y sis of heavy min eral con cen trates and gold grain
counts. On go ing and com ple men tary to this till geo chem i -
cal sur vey, is a 1:50 000 scale surficial ge ol ogy map ping
and re gional ice-flow study. Given that the study area ex pe -
ri enced an ice-flow re ver sal dur ing the Late Wisconsinan
gla cial max i mum, as sess ing and quan ti fy ing net trans port

di rec tion of basal till in the study area will be a sig nif i cant
con tri bu tion to the un der stand ing of de tri tal dis per sion for
the re gion. An un der stand ing of these vari ables must ex ist
prior to fur ther in ves ti ga tion of any till sam ples, col lected
as part of this study, that are el e vated in an el e ment(s) of in -
ter est. An as sess ment of net trans port di rec tion will also be
of in ter est to min eral ex plo ra tion com pa nies work ing in the
area, who are con duct ing their own surficial sed i ment geo -
chem is try sur veys. Ob ser va tions made dur ing the 2009
field sea son sug gest that Qua ter nary sed i ments within the
study area are not necessarily as areally extensive nor thick
as was once thought, and therefore may not be a significant
hindrance to mineral exploration.

Till geo chem i cal data for the Nadina River map area
(NTS 093E/15) will be the topic of a com bined BCGS Open 
File and Geoscience BC Re port to be re leased in late spring
2010. Field crews will re turn to the study area dur ing the
2010 sum mer field sea son and com plete data and till sam -
ple col lec tion for the Wistaria, Colleymount and Owen
Lake map ar eas (NTS 093E/16, L/01, 02).

ACKNOWLEDGMENTS

This year’s pro gram has truly been a col lab o ra tive ef -
fort and the au thor would like to grate fully ac knowl edge
Geoscience BC for an a lyt i cal sup port; the Smithers Ex plo -
ra tion Group (C. Ogryzlo and J. L’Orsa) and North west
Com mu nity Col lege (T. Reedy and R. Mau rer) for spon sor -
ing a grad u ate of their Rec la ma tion and Pros pect ing Pro -
gram to as sist with field work; and Huck le berry Mine Ltd.
(B. Mracek, W. Curtis and F. Sayeed) for al low ing the field
crew to stay at the minesite. R.E. Gawa is thanked for his as -
sis tance in the field. The au thor would also like to thank
L.J. Diakow and D.G. Mac In tyre for dis cus sions on, and
their in sight into, lo cal bed rock lithologies. R.E. Lett is
thanked for as sis tance with geo chem i cal ref er ence stan -
dards. The au thor would also like to thank P.L. Ogryzlo for
so freely shar ing his ideas on por phyry Cu de pos its and
how and where he be lieves the next ones will be found.
T.E. Demchuk is thanked for her review of an earlier
version of this manuscript.

REFERENCES

Alldrick, D.J. (2007a): Ge ol ogy of the Skeena Group, cen tral Brit -
ish Co lum bia (NTS 93E, 93F, 93K, 93L, 93M, 103I, 103P);
BC Min is try of En ergy, Mines and Pe tro leum Re sources,
Open File 2007-8, scale 1:250 000.

Alldrick, D.J. (2007b): Ge ol ogy of the Eq uity Sil ver mine area;
BC Min is try of En ergy, Mines and Pe tro leum Re sources,
Open File 2007-9, scale 1:10 000.

Alldrick, D.J., Mac In tyre, D.G. and Villeneuve, M.E. (2007): Ge -
ol ogy, min eral de pos its, and ex plo ra tion po ten tial of the
Skeena Group (NTS 093E, L, M; 103I), cen tral Brit ish Co -
lum bia; in Geo log i cal Field work 2006, BC Min is try of En -
ergy, Mines and Pe tro leum Re sources, Pa per 2007-1, pages
1–17.

Carter, N.C. (1981): Por phyry cop per and mo lyb de num de pos its,
west-cen tral Brit ish Co lum bia; BC Min is try of En ergy,
Mines and Pe tro leum Re sources, Bul le tin 64, 150 pages.

Clague, J.J. (1984): Qua ter nary ge ol ogy and geo mor phol ogy,
Smithers-Ter race-Prince Rupert area, Brit ish Co lum bia;
Geological Sur vey of Can ada, Mem oir 413, 71 pages.

Cook, S.J., Levson, V.M., Giles, T.R. and Jackaman, W. (1995): A
com par i son of re gional lake sed i ment and till geo chem is try
sur veys: a case study from the Fawnie Creek area, cen tral

Geo log i cal Field work 2009, Pa per 2010-1 51

Fig ure 9. New for estry roads have cre ated new bed rock ex po -
sures. Shown here is an un mapped quartz diorite ridge ob served in 
a roadcut on the south east flank of Shel ford Hills, ap prox i mately
6 km south-south east of Shel ford Hills min eral oc cur rence, west-
cen tral Brit ish Co lum bia. Pick for scale (65 cm long).



Brit ish Co lum bia; Ex plo ra tion Min ing Ge ol ogy, Vol ume 4,
pages 93–101.

Cyr, J.B., Pease, R.B. and Schroeter, T.G. (1984): Ge ol ogy and
min er al iza tion at Eq uity Sil ver mine; Eco nomic Ge ol ogy,
Vol ume 29, pages 947–968.

Diakow, L.J. (2006): Ge ol ogy of the Tahtsa Ranges be tween
Eutsuk Lake and Morice Lake, Whitesail Lake map area,
west-cen tral Brit ish Co lum bia (parts of NTS 93E/5, 6, 7, 10,
11, 12, 13, 14, and 15); BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Geoscience Map 2006-5, scale
1:150 000.

Dreimanis, A. (1989): Tills: their ge netic ter mi nol ogy and clas si fi -
ca tion; in Ge netic Clas si fi ca tion of Glacigenic De pos its,
Goldthwait, R.P. and Matsch, C.L., Ed i tors, A.A. Balkema,
Rot ter dam, pages 17–83.

Duf fel, S. (1959): Whitesail Lake, Coast Dis trict; Geo log i cal Sur -
vey of Can ada, Map 1064A, scale 1 in. to 4 mi.

Ferbey, T. (2004): Qua ter nary ge ol ogy, ice-flow his tory and till
geo chem is try of the Huck le berry mine re gion, west-cen tral
Brit ish Co lum bia; MSc the sis, Uni ver sity of Vic to ria, 301
pages.

Ferbey, T. (2009): Till geo chem i cal ex plo ra tion tar gets, Redstone
and Loomis Lake map ar eas (NTS 93B/04 and 05), cen tral
Brit ish Co lum bia; BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Open File 2009-9, 52 pages.

Ferbey, T. and Levson, V.M. (2001a): Qua ter nary ge ol ogy and till
geo chem is try of the Huck le berry mine area; in Geo log i cal
Field work 2000, BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Pa per 2001-1, pages 397–410.

Ferbey, T. and Levson, V.M. (2001b). Ice flow his tory of the
Tahtsa Lake–Ootsa Lake re gion; BC Min is try of En ergy,
Mines and Pe tro leum Re sources, Open File 2001-8, scale
1:110 000.

Ferbey, T. and Levson, V.M. (2003): Surficial ge ol ogy of the
Huck le berry mine area; BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Open File 2003-2, scale 1:15 000.

Ferbey, T. and Levson, V.M. (2007): The in flu ence of ice-flow re -
ver sals on the ver ti cal and hor i zon tal dis tri bu tion of trace el -
e ments in tills, Huck le berry mine area, west-cen tral Brit ish
Co lum bia; in Ap pli ca tion of Till and Stream Sed i ment
Heavy Min eral and Geo chem i cal Meth ods to Min eral Ex -
plo ra tion in West ern and North ern Can ada, Paulen, R.C. and 
McMartin, I., Ed i tors, Geo log i cal As so ci a tion of Can ada,
Short Course Notes 18, pages 145–151.

Hed ley, M.S. (1935): Tahtsa-Morice area; Geo log i cal Sur vey of
Can ada, Map 367A, scale 1 in. to 4 mi.

Hol land, S.S. (1976): Land forms of Brit ish Co lum bia: a phys io -
graphic out line; BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Bul le tin 48, 138 pages.

Im pe rial Met als Cor po ra tion (2009): An nual re port 2008; Im pe -
rial Met als Cor po ra tion, 48 pages.

Jack son, A. and Illerbrun, K. (1995): Huck le berry por phyry cop -
per de posit, Tahtsa Lake Dis trict, west-cen tral Brit ish Co -
lum bia; in Por phyry De pos its of the North west ern
Cor dil lera of North Amer ica, Schroeter, T.G., Ed i tor, Ca na -
dian In sti tute of Min ing, Met al lurgy and Pe tro leum, Spe cial
Volume 46, pages 313–321.

Kowalczyk, P.K (2009): QUEST-West geo phys ics in cen tral Brit -
ish Co lum bia (NTS 093E, F, G, K, L, M, N, 103I): new re -
gional grav ity and he li cop ter time-do main elec tro mag netic
data; in Geoscience BC Sum mary of Ac tiv i ties 2008,
Geoscience BC, Re port 2009-1, pages 1–6.

Lane, R.A. (2008): A geo log i cal re port on the Rox prop erty,
Omineca Min ing Di vi sion, Brit ish Co lum bia; sub mit ted by
Lowprofile Ven tures Ltd., BC Min is try of En ergy, Mines and 
Pe tro leum Re sources, As sess ment Re port 30342, 86 pages.

Levson, V.M. (2001a): Qua ter nary ge ol ogy of the Babine por -
phyry cop per dis trict: im pli ca tions for geo chem i cal ex plo ra -

tion; Ca na dian Jour nal of Earth Sci ences, Vol ume 38, pages 
733–749.

Levson, V.M. (2001b): Re gional till geo chem i cal sur veys in the
Ca na dian Cor dil lera: sam ple me dia, meth ods, and anom aly
eval u a tion; in Drift Ex plo ra tion in Gla ci ated Ter rain,
McClenaghan, M.B., Bobrowsky, P.T., Hall, G.E.M. and
Cook, S.J., Ed i tors, Geo log i cal So ci ety, Spe cial Pub li ca tion, 
Number 185, pages 45–68.

Levson, V.M. (2002): Qua ter nary ge ol ogy and till geo chem is try of 
the Babine por phyry cop per belt, Brit ish Co lum bia (NTS 93
L/9, 16, M/1, 2, 7, 8); BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Bul le tin 110, 278 pages.

Levson, V.M. and Mate, D.J. (2002): Till geo chem is try of the
Tetachuck Lake and Marilla map ar eas (NTS 93F/5 and
F/12); BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Open File 2002-11, 180 pages.

Levson, V.M., Giles, T.R., Cook, S.J. and Jackaman, W. (1994):
Till geo chem is try of the Fawnie Creek area (93F/03); BC
Min is try of En ergy, Mines and Pe tro leum Re sources, Open
File 1994-18, 40 pages.

Mac In tyre, D.G. (1985): Ge ol ogy and min eral de pos its of the
Tahtsa Lake Dis trict, west-cen tral Brit ish Co lum bia; BC
Min is try of En ergy, Mines and Pe tro leum Re sources, Bul le -
tin 75, 82 pages.

Mac In tyre, D.G. (2001): The mid-Cre ta ceous Rocky Ridge For -
ma tion – a new tar get for sub aque ous hot-spring de pos its
(Eskay Creek type) in cen tral Brit ish Co lum bia; in Geo log i -
cal Field work 2000, BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Pa per 2001-1, pages 253–268.

Mac In tyre, D.G., Ash, C.H. and Britton, J. (1994): Skeena
Arcview data (NTS 93E,L,M; 94D; 104A,B; 103G,H; 103
I,P); BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Open File 1994-14, dig i tal data.

Mac In tyre, D.G., McMillan, R.H. and Villeneuve, M.E. (2004):
The mid-Cre ta ceous Rocky Ridge For ma tion – im por tant
host rocks for VMS and re lated de pos its in cen tral Brit ish
Co lum bia; in Geo log i cal Field work 2003, BC Min is try of
En ergy, Mines and Pe tro leum Re sources, Pa per 2004-1,
pages 231–247.

Massey, N.W.D., Mac In tyre, D.G., Desjardins, P.J. and Cooney,
R.T. (2005): Dig i tal ge ol ogy map of Brit ish Co lum bia:
whole prov ince; BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, GeoFile 2005-1, 1:250 000 scale, URL
<http://www.empr.gov.bc.ca/Mining/Geoscience/Publicati
onsCatalogue/Geofiles/Pages/2005-1.aspx> [De cem ber
2009].

Mate, D.J. (2000): Qua ter nary ge ol ogy, stra tig ra phy and ap plied
geo mor phol ogy in south ern Nechako Pla teau, cen tral Brit -
ish Co lum bia; MSc the sis, Uni ver sity of Vic to ria, 253 pages.

Mihalynuk, M.G., Peat, C.R., Terhune, K. and Orovan, E.A.
(2008): Re gional ge ol ogy and re source po ten tial of the
Chezacut map area, cen tral Brit ish Co lum bia (NTS 093/08); 
in Geo log i cal Field work 2007, BC Min is try of En ergy,
Mines and Pe tro leum Re sources, Pa per 2008-1, pages 117–
134.

Mihalynuk, M.G., Orovan, E.A., Larocque, J.P., Fried man, R.M.
and Bachiu, T. (2009): Ge ol ogy, geo chron ol ogy and min er -
al iza tion of the Chilanko Forks to south ern Clusko River
area, Brit ish Co lum bia (NTS 93C/01, 08, 09S); in Geo log i -
cal Field work 2008, BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Pa per 2009-1, pages 81–100.

MINFILE (2009): MINFILE BC min eral de pos its da ta base; BC
Min is try of En ergy, Mines and Pe tro leum Re sources, URL
<http://minfile.ca> [No vem ber 2009].

Mon ger, J.W.H., Wheeler, J.O., Tip per, H.W., Gabrielse, H.,
Harms, T., Struik, L.C., Camp bell, R.B., Dodds, C.J.,
Gehrels, G.E. and O’Brien, J. (1991): Cordilleran ter ranes
(Chap ter 8: Up per De vo nian to Mid dle Ju ras sic as sem -
blages); in Ge ol ogy of the Cordilleran Orogen in Can ada,

52 Brit ish Co lum bia Geo log i cal Sur vey

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Geofiles/Pages/2005-1.aspx
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Geofiles/Pages/2005-1.aspx
http://minfile.ca


Gabrielse, H. and Yorath, C.J., Ed i tors, Geo log i cal Sur vey of 
Can ada, Ge ol ogy of Can ada Se ries, Num ber 4, pages 281–
327.

Ogryzlo, P.L. (2003): Geo phys i cal sur vey ing and di a mond drill ing 
on the Rox 1 min eral claim, Omnieca Min ing Di vi sion; sub -
mit ted by Gary Thomp son, BC Min is try of En ergy, Mines
and Pe tro leum Re sources, As sess ment Re port 27050, 48
pages.

Panteleyev, A. (1981): Berg por phyry cop per-mo lyb de num de -
posit; BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Bul le tin 66, 158 pages.

Plouffe, A. (1995): Geo chem is try, li thol ogy, min er al ogy, and vis i -
ble gold grain con tent of till in the Man son River and Fort
Fra ser map ar eas, cen tral Brit ish Co lum bia (NTS 93K and
N); Geo log i cal Sur vey of Can ada, Open File 3194, 119
pages.

Plouffe, A. (1996a): Surficial ge ol ogy, Cunningham Lake, Brit ish
Co lum bia (NTS 93K/NW); Geo log i cal Sur vey of Can ada,
Open File 3183, scale 1:50 000.

Plouffe, A. (1996b): Surficial ge ol ogy, Burns Lake, Brit ish Co -
lum bia (NTS 93K/SW); Geo log i cal Sur vey of Can ada,
Open File 3184, scale 1:50 000.

Plouffe, A. (1997): Re con nais sance till geo chem is try on the Chil -
cotin Pla teau (92O/5 and 12); in In te rior Pla teau Geoscience
Pro ject: Sum mary of Geo log i cal, Geo chem i cal and Geo -
phys i cal Stud ies (092N, 092O, 093B, 093C, 093F, 093G,
093G), Diakow, L.J., Metcalfe, P. and New ell, J., Ed i tors,
BC Min is try of En ergy, Mines and Pe tro leum Re sources,
Paper 1997-2, pages 145–157.

Plouffe, A. and Ballantyne, S.B. (1993): Re gional till geo chem is -
try, Man son River and Fort Fra ser area, Brit ish Co lum bia

(93K, 93N), silt plus clay and clay size frac tions; Geo log i cal 
Sur vey of Can ada, Open File 2593, 210 pages.

Plouffe, A., Levson, V.M. and Mate, D.J. (2001): Till geo chem is -
try of the Nechako River map area (NTS 93F), cen tral Brit -
ish Co lum bia; Geo log i cal Sur vey of Can ada, Open File
4166, 66 pages.

Sibbick, S.J. and Kerr, D.E. (1995): Till geo chem is try of the
Mount Milligan area, north-cen tral Brit ish Co lum bia; rec -
om men da tions for drift ex plo ra tion for por phyry cop per-
gold min er al iza tion; in Drift Ex plo ra tion in the Ca na dian
Cor dil lera, Bobrowsky, P.T., Sibbick, S.J., New ell, J.M. and
Matysek, P., Ed i tors, BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Pa per 1995-2, pages 167–180.

Singh, N. (1998): Ter rain clas si fi ca tion map phase 3, 93E.076,
077, 086, 087, 088, 096, 097, 098; BC Min is try of For ests,
scale 1:20 000.

Stumpf, A.J., Broster, B.E. and Levson, V.M. (2000): Multiphase
flow of the Late Wisconsinan Cordilleran Ice Sheet in west -
ern Can ada; Geo log i cal So ci ety of Amer ica Bul le tin, Vol -
ume 112, pages 1850–1863.

Tip per, H.W. (1994): Pre lim i nary in ter pre ta tions of gla cial and
geomorphic fea tures of Smithers map area (93L), Brit ish
Co lum bia; Geo log i cal Sur vey of Can ada, Open File 2837, 7
pages.

Woodsworth, G.J. (1980): Ge ol ogy of Whitesail Lake (93E) map
area, Brit ish Co lum bia; Geo log i cal Sur vey of Can ada, Open 
File 708, scale 1:250 000.

Young, G. (1976): 93E/15 soils and land forms, Nadina River; BC
Department of Lands and For ests, scale 1:50 000.

Geo log i cal Field work 2009, Pa per 2010-1 53



54 Brit ish Co lum bia Geo log i cal Sur vey


