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Introduction

Cen tral Brit ish Co lum bia has highly pro spec tive bed rock
ge ol ogy, but min eral ex plo ra tion ac tiv ity has been lim ited
in some ar eas due to the thick cover of surficial de pos its.
Eco nomic growth in this re gion has been se verely af fected
by the spread of the moun tain pine bee tle, there fore fund ing 
bod ies, such as Geoscience BC, with their QUEST Pro ject,
and the fed eral and pro vin cial gov ern ments, are pro vid ing
fi nan cial sup port for geo log i cal pro jects that will help spur
min eral ex plo ra tion in the im pacted ar eas. Sig nif i cant
knowl edge gaps ex ist in the gla cial his tory of the QUEST
Pro ject area and thus pose a con sid er able hin drance to min -
eral ex plo ra tion, in par tic u lar when sam pling trans ported
sed i ments for geo chem i cal anal y sis. Knowl edge of the gla -
cial his tory, spe cif i cally the ice-flow his tory and dom i nant
trans port di rec tion, is vi tal to the in ter pre ta tion of geo -
chem i cal sur vey data from the area. This pro ject is de signed 
to ad dress this knowl edge gap by pro vid ing a Qua ter nary
frame work for a por tion of the QUEST Pro ject area, along
with data from both re gional and detailed till geochemical
surveys from which inferences on local, covered, bedrock
units can be made.

This am bi tious three-year pro ject is cur rently in year two.
The study area com prises NTS map sheets 093G, H (west
half) and J. The over all ob jec tives of this three-year pro -
gram are to pro vide

1) the re gional gla cial geo log i cal frame work for NTS map
ar eas 093G, H (west half) and J (i.e., the cen tral por tion
of the QUEST area; Fig ure 1);

2) a map of ap prox i mate drift cover thick ness (based on
ex ist ing surficial ge ol ogy, soils and landform map ping
aug mented with re con nais sance field ob ser va tions) for
ar eas within NTS map area 093J, the south ern half of
NTS 093G, and the west ern half of NTS 093H;

3) ter rain map ping of six 1:50 000 scale map ar eas (NTS
093J/05, /06, /11, /12, /13, /14);

4) re gional-scale, ma jor, mi nor and trace-el e ment till geo -
chem i cal data (through aqua-regia di ges tion fol lowed
by in duc tively cou pled plasma–mass spec trom e try
[ICP-MS] and in stru men tal neu tron ac ti va tion anal y sis
[INAA], gold grain counts and heavy min eral sep a ra -
tions) for sam ples col lected within these six sheets; and

5) de tailed-scale till geo chem i cal data down-ice of two
geo phys i cal anom a lies, which were in ter preted from
air borne grav ity sur vey data (Barnett and Kowalczyk,
2008).

This work will help to stim u late min eral ex plo ra tion ac tiv -
ity in bee tle-kill–af fected ar eas through the re lease of new
surficial ge ol ogy and geo chem i cal sur vey data. It is hoped
these data will pro vide new ex plo ra tion tar gets but also pro -
vide some geo log i cal con text for com pa nies to in ter pret
their own geo chem i cal and geological datasets.

The fo cus of this re port is the de tailed work car ried out in
the west ern half of NTS map area 093J. Field work be gan in
2008, late June to early July, with the ma jor ity of it be ing
com pleted in 2009, July and Au gust. The 2008 field sea son
con cen trated on the col lec tion of striation data for the re -
con struc tion of ice-flow his tory and as sess ing the ac cu racy
of the ex ist ing soil and landform and surficial ge ol ogy map -
ping to be used for drift thick ness map ping through out the
pro ject area. Also, de tailed-scale till geo chem is try sam -
pling oc curred in ar eas down-ice from two geo phys i cal
anom a lies (de scribed in Ward et al., 2009). The 2009 field
sea son con cen trated on the ter rain map ping of the six
1:50 000 map ar eas in NTS 093J, while col lect ing ice-flow
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data and con duct ing re gional-scale till geochemical
sampling for the map areas.

Study Area and Physiography

The study area is sit u ated at the heart of the QUEST Pro ject
area (Fig ure 1). The ma jor ity of the study area lies in the rel -
a tively low re lief area of the In te rior Pla teau (Hol land,
1976; Mathews, 1986), in clud ing its sub di vi sions, the Fra -
ser Ba sin and Nechako Pla teau. It is char ac ter ized by gla -
cial lake de pos its, drumlinized drift and glaciofluvial
outwash and esker de pos its. The Cariboo Moun tains, lo -
cated in the south east ern cor ner, occupy the rest of the area.

Regional Quaternary History

The Cordilleran Ice Sheet has re peat edly cov ered Brit ish

Co lum bia and por tions of Yu kon, Alaska and Wash ing ton

over the last two mil lion years (Armstrong et al., 1965;

Clague, 1989). At its max i mum ex tent, the Cordilleran Ice

Sheet was up to 900 km wide and up to 2000–3000 m thick

over the In te rior Pla teau, closely re sem bling the pres ent-

day Green land Ice Sheet (Clague, 1989). A more com pre -

hen sive his tory of the Cordilleran Ice Sheet can be found in

Jack son and Clague (1991).
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Fig ure 1. Dig i tal el e va tion model (DEM) of the study area with ice-flow in for ma tion. Drumlinized drift is ev i dent through out
most of the study area and is used to in ter pret dom i nant ice flow. Striation data is com piled from field ob ser va tions and ex -
ist ing maps (Tip per, 1971a; Clague, 1998a, b; Paulen, 2000; Blais-Stevens and Clague, 2007). In set map in di cates the lo -
ca tion of the study area (shaded area) in re la tion to Brit ish Co lum bia and the QUEST Pro ject geo phys i cal sur vey area
(dashed line).



The ma jor sources of re gional ice that cov ered the study
area ad vanced from ac cu mu la tion cen tres in the Coast,
Skeena and Cariboo moun tains (Tip per, 1971a, b; Levson
and Giles, 1997; Plouffe, 1997, 2000). The study area oc -
curs near the con ver gence of these three ad vanc ing ice
fronts, mak ing it dif fi cult to de ter mine which ice cen tre(s)
had the most in flu ence on the study area in the early parts of
the Late Wisconsinan. Pre vi ously re ported ice-flow in di ca -
tors (Tip per, 1971a; Paulen, 2000), in com bi na tion with
data from this study, sug gest that it was mainly ice from the
Coast Moun tains to the west and south, and to a lesser ex -
tent ice from the Cariboo Moun tains, that cov ered the area.
Chro no log i cal in for ma tion on the move ment and/or con -
flu ence of ice fronts through the study area is lim ited. Al -
though it is known that ice was ad vanc ing out of the Coast
Moun tains by 28 800 ±740 BP (sam ple GSC-95, Clague,
1989), it is not clear when this ad vance reached the cen tral
In te rior Pla teau. Ice, pos si bly sourced from the Cariboo
Moun tains (Paulen, 2000), cov ered the Bowron Val ley
some time af ter 19.9 Ka (sam ple AA44045, Ward et al.,
2008). Ac cord ing to Bobrowsky and Rutter (1992), ice ad -
vanc ing from the Skeena Moun tains into what is now the
north arm of Williston Lake oc curred some time after
15 180 ±100 BP (sample TO-708, Bobrowsky and Rutter,
1992).

Through out the In te rior Pla teau, strati graphic ex po sures of
ad vance-phase glaciolacustrine, ad vance-phase glacio -
fluvial and till de pos its sug gest that re gional ice ad vances
were not nec es sar ily con tin u ous, nor uni form, but were in -
stead in ter rupted by stand stills and pos si ble re treats
(Clague, 1989). Ev i dence of this has been re ported in ex po -
sures to the south (Tip per, 1971a, b; Clague, 1989; Eyles
and Clague, 1991) and west (Plouffe, 1997, 2000) of the
study area. Even tu ally, these ice fronts did co alesce some -
time dur ing the Fra ser gla ci ation max i mum, forming the
Cordilleran Ice Sheet.

Deglaciation is thought to have oc -
curred by downwasting, fol lowed by 
wide spread stag na tion through out
much of the in te rior (Fulton, 1967;
Clague, 1989). Ini tially, ice con tin -
ued to flow at a sub dued rate and
even tu ally downwasting of ice ex -
posed the up lands. Ice was then re -
stricted to the val leys and as it re -
t r e a t ed  do wn s lop e  i t  l o  c a l l y
pro duced ice-dammed lakes, cul mi -
nat ing with gla cial Lake Fra ser
around Prince George. Thick de pos -
its of glaciolacustrine silt and clay
over large ar eas are a prod uct of
these ice-dammed lakes, such as
glacial Lake Fra ser. Even tu ally ice
be came stag nant and melted in place

re sult ing in hummocky and kame-and-ket tle to pog ra phy.
The deglacial his tory of the study area will be dis cussed
further in a later section of this paper.

Methods and Results

Terrain Mapping

Ter rain map ping for the six 1:50 000 scale map ar eas in the
west ern half of NTS 093J (093J/05, /06, /11, /12, /13, /14)
be gan this year us ing stan dard ized map ping meth ods (Re -
sources In ven tory Com mit tee, 1996; Howes and Kenk,
1997). High res o lu tion, 1:40 000 scale, ae rial pho to graphs
pro vided 3-D im ag ery of the en tire area upon which the
map ping was based. In ad di tion, field check ing was car ried
out to as sist in iden ti fy ing and de lim it ing the surficial ma te -
ri als oc cur ring within the study area. Good ground ac cess
was avail able through out most of the map ar eas en abling
de tailed field work to be con ducted through much of the
study area. In ad di tion, GIS soft ware and a va ri ety of dig i tal 
spa tial data were used to cre ate a dig i tal el e va tion model
(DEM) for the map ar eas from which land forms could be
iden ti fied and spa tial re la tion ships could be ob served (Fig -
ure 2). Al though use ful, these mod els were lim ited by the
res o lu tion of the avail able el e va tion data. Map units have
been ste reo scop i cally de lim ited, sub di vid ing the land sur -
face ac cord ing to the or i gin and tex ture of surficial ma te ri -
als and land forms (sur face ex pres sion) that oc cur there.
Geomorphological pro cesses that have mod i fied the land -
scape were in cluded on the map and on-site map symbols
were used to identify specific landscape features, such as
small terrace scarps and meltwater channels.

The fi nal maps, to be com pleted in early 2011, will use a hy -
brid surficial ge ol ogy and ter rain map leg end. Poly gons
will be placed into a col oured closed leg end, sim i lar to that
of a surficial ge ol ogy map but will in clude ad di tional ter -
rain in for ma tion, such as ad di tional surficial ma te ri als and
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Fig ure 2. Dig i tal 3-D model for a por tion of the north ern up lands in NTS 093J/14, cen tral Brit -
ish Co lum bia, cre ated us ing GIS soft ware. Model is ori ented in the di rec tion of ice flow, il lus -
trated by stream lined rock and drift.



any ac tive geomorphological pro cesses. This will make
these maps eas ier to read yet still re tain a more de tailed de -
scrip tion of the surficial ma te ri als and geomorphological
pro cesses oc cur ring within individual polygons.

Nature of Surficial Materials

Surficial ma te rial of the study area is dom i nantly com posed 
of till, glaciofluvial and glaciolacustrine sed i ments.
Postglacial ma te ri als are also pres ent, in clud ing flu vial,
eolian, col lu vial and or ganic de pos its. Sim i lar surficial
units have been de scribed to the west and south of the study
area (Tip per, 1971a; Howes, 1977; Paulen, 2000; Plouffe,
2000).

Most of the till in the area is a dense, dark grey, ma trix-
supported diamicton, char ac ter is tics typ i cal of a basal till.
Subangular to well rounded, gravel-sized clasts com prise
10–40% of the diamicton and are sup ported by a sandy silt
to silty clay ma trix (Fig ure 3A). In sev eral lo ca tions, the till
was less dense, more grav elly and sup ported by a dom i -
nantly sand ma trix. This fa cies of till was com monly ob -
served within the top metre of an ex po sure and is in ter -
preted as ab la tion till. The sur face ex pres sion of tills range
from fields of ridged, stream lined fea tures (e.g., drum lins)
to near-level plains with little or no vertical expression.

Glaciofluvial de pos its var ied greatly from well sorted sand
to poorly sorted gravel that lo cally was com posed of
cobble-sized clasts (Fig ure 3B). These de pos its most com -
monly con sist of mod er ately sorted sandy peb ble to peb bly
sand gran u lar ma te rial and form hummocky or kame-and-
ket tle to pog ra phy, esker com plexes and sys tems of ter races
and plains. Nu mer ous melt wa ter chan nels were ob served
through out the study area, of ten, al though not al ways, spa -
tially as so ci ated with glaciofluvial de pos its. In the north ern 
por tion of the study area, some of these chan nels cross cut
top o graphic highs and in cised val leys while oth ers ex ist as
areally ex ten sive plains, gen er ally drain ing north ward. Far -
ther south, roughly to the south west of Carp Lake, the main
melt wa ter chan nels formed in con for mance to the south -
west erly re treat ing ice sheet and thus drained some what lat -
er ally along the north west-south east ori ented ice front.
Pres ent-day underfit streams oc cupy some of these melt wa -
ter chan nels, and their associated fluvial deposits partially
infill the channels.

Glaciolacustrine de pos its are gen er ally com posed of lam i -
nated silt and fine sand with some clay (Fig ure 3C). They
are ex pressed as plains if they are thick de pos its, and blan -
kets or ve neers where the ma te rial is thin ner and the un der -
ly ing unit con trols its sur face ex pres sion. These sed i ments
cover ex ten sive re gions in the south ern map sheets (NTS
093J/05, /06) and are less widespread in the north.

Eolian de pos its, con sist ing of dom i nantly well sorted, fine
to me dium, wind-blown sand (Fig ure 3D), oc cur only lo -

cally but are wor thy of men tion. These de pos its were com -
monly lo cated near glaciofluvial, and to a lesser ex tent,
glaciolacustrine sed i ments; the source ma te rial for these
eolian sed i ments. The surficial ex pres sion of these de pos its 
ranged from ve neers to ridges (sand dunes). It is likely that
the size of the sed i ment source cor re lates with the sur face
ex pres sion of the ad ja cent eolian de posit (i.e., small
sources yield ve neers and larger sources yield dunes). Fur -
ther anal y sis of the spa tial dis tri bu tion of eolian and
glaciofluvial de pos its may re veal characteristics of deglac -
ial wind regimes.

Bed rock is prev a lent on the up lands in the north ern por -
tions of NTS 093J/13 and /14. In the south ern map sheets,
drift is much thicker and bed rock out crops oc cur mainly on
iso lated top o graphic highs such as Mer ton Hill and Mount
Prince. Thin man tles of bed rock-de rived col lu vium and
dis con tin u ous till oc cur in as so ci a tion with the bedrock-
dominated terrain.

Ice-Flow History

The ice-flow his tory of the study area was de ter mined by
com pil ing ice-flow in for ma tion from ex ist ing maps (Tip -
per, 1971a; Clague, 1998a, b; Paulen, 2000; Blais-Stevens
and Clague, 2007), com bined with newly con ducted ae rial
pho to graph in ter pre ta tion and ob ser va tions made dur ing
the 2008 and 2009 field sea sons (Fig ure 1). In this study
area, ice-flow in di ca tors gen er ally con sist of macroforms
such as drum lins, flut ings, crag-and-tail forms and stream -
lined bed rock ridges. In di ca tors mea sured in the field were
mainly microflow in di ca tors, such as grooves, striations
and rat tails. Fur ther in for ma tion on these ice-flow in di ca -
tors and the pro cesses by which they form can be found in
Ward et al. (2009).

The ice-flow–in di ca tor data col lected in 2009 pro vides fur -
ther sup port to pre vi ous in ter pre ta tions of the dom i nant ice
flow. In most ar eas, the dom i nant flow is in di cated by
macroforms vis i ble in the DEM. In por tions of NTS 093H
where these macroforms are rare, these data were sub sti -
tuted with the ob served microflow in di ca tors. Striations,
rat tails and grooves were re corded at 33 sites in 2008 and
an ad di tional 23 sites in 2009. Find ing microflow in di ca -
tors was prob lem atic due to the lack of bed rock ex po sures
in the ma jor ity of the study area, and the weath ered na ture
of some of the out crops pres ent. In most cases, striations
were only found af ter sed i ment, usu ally till, was scraped,
brushed or washed off bed rock sur faces. Where more than
one ori en ta tion was ob served at a site, it was some times
pos si ble to de ter mine a rel a tive age or tim ing of ice-flow
events by lo cat ing cross cut ting re la tion ships or by the rel a -
tive lo ca tions of the stri ated sur faces (Fig ure 4). For ex am -
ple, if a large groove is pres ent and there are striations
within the groove, the groove must be older than the
striations. Sim i larly, by not ing the dom i nant flow of ice
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Fig ure 3. Surficial ma te ri als com monly found in the mapped re gions of NTS 093J, cen tral Brit ish Co lum bia: A) typ i cal dense basal till from sam ple pit in NTS 093J/13; B) mod -
er ately sorted gravel from a glaciofluvial ter race; C) glaciolacustrine beds of lam i nated silt, clay and fine sand with some fault ing; D) eolian dune cut by road con struc tion.



over a bed rock out crop, striations lo cated on pro tected sur -
faces on the lee side (down-ice) of the fea ture, are likely
older. Rel a tive age con trol, or tim ing of dif fer ent ice-flow
events, was only pos si ble at a few sites. At most of these
sites, ori en ta tions of microflow in di ca tors were within
~035° of each other, reflecting only minor changes in ice-
flow direction, which likely occurred during deglaciation.

Some sites, how ever, showed dra matic dif fer ences in
microflow in di ca tor ori en ta tions. For ex am ple, south west
of Prince George three sets of striations were ob served at
one field sta tion. The old est was ori ented at 150°, the sec -
ond old est at 100° and the youn gest at 080°. Based on this
chro nol ogy, it is pos si ble to in fer that ice flow ing east from
the Coast Moun tains reached the area first and pro duced the 
old est striations. The youn ger striations likely re flect a se -
quen tial north erly shift in dom i nant ice flow as ice from the
Cariboo Moun tains in the south in ter acted with ice from the 
Coast Mountains.

These data are in agree ment with ex ist ing ice-flow data that
sug gest east erly flow ing ice from the Coast Moun tains en -
tered the area first (Plouffe, 2000; Ward et al., 2009). To the
south, ice con strained by top o graphic highs flowed west
and north west from the Cariboo Moun tains as well as up
the Bowron River val ley (Paulen, 2000). The ori en ta tions
of macroflow and microflow fea tures sug gest these two
sources in ter acted south of Quesnel, with ice flow from the
west ap pear ing to be dom i nant. This in ter ac tion caused ice
from the Cariboo Moun tains to be de flected east ward to the
south east of Prince George, along the Fra ser Pla teau and
then into the Rocky Moun tain Trench. In the north ern sec -
tion of the study area, the dom i nant flow changes from east-
north east to north east, pos si bly due to the same in ter ac tion.
Ex cep tions to this oc cur lo cally where flow di rec tion

changes are the re sult of ice thin ning sufficiently enough to
be influenced by topography.

Deglaciation

The tim ing and style of deglaciation in the study area is
poorly un der stood. Based on the dis tri bu tion of surficial
de  pos  i t s  and g la  cia l  land  forms as  so  ci  a ted  wi th
deglaciation, Fulton (1967) put forth a model of
deglaciation for south-cen tral BC. This model can be di -
vided into the fol low ing four phases: 1) ac tive ice phase; 2)
tran si tional up land phase; 3) stag nant ice phase; and 4)
dead ice phase. This model is the gen er ally ac cepted model
for deglaciation of ar eas in BC with low to mod er ate re lief,
and is a good frame work for un der stand ing the deglaciation 
of the study area. Some phys io graphic dif fer ences in this
study area may, how ever, cause deviations from the general 
model.

The dis tri bu tion of glaciofluvial and glaciolacustrine sed i -
ments and gla cial fea tures, such as melt wa ter chan nels and
lat eral mo raines, can be crit i cal to un rav el ling the deglacial
his tory of an area. Gla cial lake sed i ments in the higher val -
leys and melt wa ter chan nels subparallel to the to pog ra phy
de lin eate the lo ca tions of the ice fronts of the re treat ing gla -
ciers. In the study area, this re treat ap pears to have been
from east to west. As with many other ar eas in cen tral BC
that have sub dued to mod er ate to pog ra phy, gla ciers in the
study area first aban doned the higher el e va tions and then
re treated to the lower ar eas. Ice-mar ginal chan nels were cut 
along ir reg u lar ice fronts as they pro gres sively re treated
downslope (a com bined re sult of ice front re treat and
downwasting of the ice mass; Fig ure 5). Hummocky melt-
out till, and ket tle-and-kame to pog ra phy as so ci ated with
de formed glaciofluvial sed i ments, is lim ited in the study
area. This could in di cate that dur ing deglaciation the gla -
ciers that were con strained to val leys re mained ac tive lon -
ger than Fulton’s model would sug gest. Fur ther ev i dence
that thin ning ice was still ac tive can be seen in striation data
from top o graph i cally con strained ar eas. For ex am ple,
north of Bear Lake, on High way 97, striations in the val ley
in di cate a north-north east ice flow that is par al lel to the val -
ley walls. This is con trary to the sur round ing stream lined
fea tures that in di cate north east was the dom i nant flow di -
rec tion dur ing times of un con strained ice flow. The last gla -
cial lake in the area, glacial Lake Fra ser, left thick pack ages
of silt and clay sed i ments in the Prince George re gion. This
lake was the re sult of ice re treat ing across the Fra ser Val ley,
but still damm ing the Fra ser River fur ther south. A large
esker com plex, oc cu py ing the Hart Highway area, north of
Prince George, indicates the location of a glaciofluvial
system that once fed water and sediment into this lake.

Plouffe (2000) of fers ev i dence that sim i lar pro cesses oc -
curred west of the study area with ice re treat ing east to west
with ir reg u lar mar gins that were con trolled by to pog ra phy.
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Fig ure 4. Gla cially smoothed bed rock along High way 16 (cen tral
Brit ish Co lum bia) il lus trat ing microflow in di ca tors of two dif fer ent-
aged ice flows. The older flow formed the rat tails (A) that are trun -
cated by the youn ger flow. Rat tails show uni di rec tional flow and
striations (B) gen er ally in di cate bidirectional flow. Due to the cross -
cut ting re la tion ship be tween these two mi cro forms, these
striations sug gest uni di rec tional flow.



Plouffe also sug gests sig nif i cant move ment dur ing the
stag na tion phase and a less in flu en tial dead ice phase dur -
ing deglaciation. These dif fer ences from Fulton’s orig i nal
model are likely a re sult of the in creased to pog ra phy in the
north com pared to the more sub dued south ern re gions
(where the model was de vel oped) where deglaciation was
char ac ter ized by downwasting, followed by widespread
dead ice stagnation.

Postglacial de pos its, in par tic u lar or ganic and eolian, can
be use ful for cre at ing a timeline for, or chro nol ogy of,
deglaciation. Basal peat, di rectly over ly ing gla cial sed i -
ments, can pro vide a min i mum age of deglaciation. At -
tempts have been made to find such or ganic de pos its east of
the study area, but they ap pear to be ab sent, pos si bly due to
the warm dry cli mate of the early Ho lo cene re tard ing
paludification (Plouffe, 2000). Sand dunes, last ac tive be -
tween ice re treat and veg e ta tive col o ni za tion, can also pro -
vide a min i mum age for deglaciation. Six sites were sam -
pled dur ing the 2009 field sea son for op ti cally stim u lated
lu mi nes cence dat ing. If suc cess ful, these sam ples will pro -
vide an ap prox i mate age for when the sand was last ex -
posed to sunlight (i.e., the last time the dunes were active).

Till Geochemistry

Re gional-scale till sam pling can be car ried out
to as sess the min eral po ten tial of ar eas cov ered 
with drift (Paulen, 2000; Levson 2001). De -
tailed in ves ti ga tions, when pos si ble, of
regional-scale till sam ples with el e vated or
anom a lous val ues can help de fine po ten tially
min er al ized zones within cov ered bed rock
units. The pre ferred sam pling me dium for till
geo chem i cal sur veys is basal till, as it is com -
monly con sid ered a first de riv a tive of bedrock
(Dreimanis, 1989; Levson, 2001).

In 2008 and 2009, de tailed- and re gional-scale
till geo chem i cal sur veys were con ducted re -
spec tively. The sam pling re gime for both in -
cluded col lect ing three sep a rate 900 g sam ples
at each sam ple site for: 1) anal y sis of the clay-
sized frac tion by aqua-regia di ges tion fol -
lowed by ICP-MS at Acme An a lyt i cal Lab o ra -
to ries Ltd. (Van cou ver, BC); 2) anal y sis of the
silt- plus clay-sized frac tion by INAA at
Becquerel Lab o ra to ries Inc. (Mississauga,
ON); and 3) ar chiv ing. In ad di tion, at ev ery 4–
5 sites, a >10 kg sam ple was col lected for
heavy min eral sep a ra tion and gold grain
counts. These sep a ra tions and counts are con -
ducted at Over bur den Drill ing Man age ment
Lim ited (Nepean, ON). The <0.25 mm frac -
tion heavy min eral con cen tra tion is sent for
INAA de ter mi na tions. Re sults from the INAA
are used to iden tify sam ples with el e vated el e -
ment val ues and it is from these samples that

heavy minerals are picked and identified.

To quan tify the ac cu racy and pre ci sion of these an a lyt i cal
data, a com bi na tion of field du pli cates, an a lyt i cal du pli -
cates and ref er ence stan dards are used. For ev ery 20 sam -
ples col lected in the field, one field du pli cate is col lected,
one an a lyt i cal du pli cate is split and in serted into the sam ple
se quence at the lab, and one ref er ence stan dard (ei ther an
in-house BCGS stan dard or a cer ti fied Can ada Cen tre for
Min eral and En ergy Technology [CANMET] standard) is
inserted.

In 2008, till sam ples were col lected from a to tal of 123 sites
around two anom a lies in ter preted from air borne grav ity
sur vey data (Sax ton Lake and 200 Road anom a lies; Fig -
ure 6). Geo chem i cal de ter mi na tions around the Sax ton
Lake anom aly de lin eated a po ten tial min er al ized zone. El e -
ments re lated to min er al iza tion, such as Cu, Au, As, Cr and
Ni, tend to have higher con cen tra tions in sam ples down-ice
of the anom aly. These re sults im ply that there may be
volcanogenic mas sive sul phide (VMS) min er al iza tion as -
so ci ated with the tran si tion from the high to low mag netic
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Fig ure 5. Ice mar ginal melt wa ter chan nels, which cross cut top o graphic highs, il -
lus trate that ice re treated in a south west erly di rec tion along an ir reg u lar ice front
dur ing deglaciation in ar eas of sub dued to mod er ate to pog ra phy, cen tral Brit ish
Co lum bia.
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Fig ure 6. Cop per (Cu) and gold (Au) dis tri bu tions, as so ci ated with Sax ton Lake (A) and 200 Road (B) lin ear mag netic anom a lies, de -
rived from till geo chem i cal sur vey anal y sis. The Sax ton Lake ex am ple shows el e vated Cu val ues down-ice com pared to up-ice of the
anom aly. Ab so lute Cu val ues are ac tu ally higher in the 200 Road area but up-ice val ues are also high, re duc ing the con trast of the dis -
persal plume to the back ground val ues. In both ex am ples, in stru men tal neu tron ac ti va tion anal y sis (INAA) of Au in di cated low val ues,
but gold grain counts and re sul tant cal cu lated con cen tra tions in the smaller suite of heavy min eral anal y sis in di cate gold is pres ent
down-ice of both anom a lies. Ab bre vi a tion: ICP-MS, in duc tively cou pled plasma–mass spec trom e try.



val ues (Fig ure 6). El e ment con cen tra tions in the 200 Road
anom aly are more sub dued mak ing it more dif fi cult to de -
fine any min er al ized zones (Fig ure 6). It should be noted,
how ever, that in creases in Cr and Ni are ev i dent on the
down-ice side of the geo phys i cal anom aly. More sam ples
were taken in the vi cin ity of the 200 Road anom aly in 2009
so that back ground val ues could be better de fined. Road de -
ac ti va tion com bined with large ar eas of eolian de pos its lim -
ited where sam pling could take place. In gen eral, ini tial
geo chem i cal re sults from till sam ples col lected in 2008
sug gest that a de tailed till geo chem i cal sur vey con ducted
around geo phys i cal anom a lies, in ar eas where there is very
lit tle rock out crop, is an effective way of assessing potential 
relationships between the geophysical anomalies and
metallic mineralization.

In 2009, 670 new till sam ples were col lected at a den sity of
about one sam ple per 8 km2 from NTS 093J/05, /06, /11,
/12, /13 and /14 (Fig ure 7), us ing the same sam pling re gime
de scribed above. The geo chem i cal
anal y sis of these sam ples should be
avail able in late 2010. Due to sam pling
re stric tions in Carp Lake Pro vin cial
Park, thick surficial de pos its (i.e., not
basal till) and ar eas with out road ac -
cess, there were sev eral large re gions
that could not be sam pled thus de creas -
ing the av er age sam pling den sity. De -
tailed sam pling of any geo chem i cal
anom a lies may be car ried out in 2010 to 
more ac cu rately de lin eate new zones of 
elevated trace-element concentrations.

Future Work

Six 1:50 000 scale ter rain maps will be
com pleted in early 2011. These maps
will be use ful to explorationists fol low -
ing up on till geo chem i cal data con -
ducted as part of this study but also for
other geo chem i cal sur veys (in clud ing
their own) con ducted within this por -
tion of the QUEST Pro ject area. Also in 
2010, re gions of the study area that
proved dif fi cult to ac cess will be sam -
pled us ing all-ter rain ve hi cles and foot
traverses.

Conclusion

Fur ther prog ress has been made in the
un der stand ing of the gla cial geo log i cal
frame work for a por tion of the QUEST
Pro ject area. This un der stand ing is in -
te gral to the in ter pre ta tion of data from
geo chem i cal sur veys that use gla cially

trans ported sed i ments as a sam ple me dium. The ini tial
stages of ter rain map ping have been com pleted for six
1:50 000 scale map sheets. These maps will de lin eate and
de scribe surficial de pos its and land forms oc cur ring within
the study area and will be use ful for plan ning and im ple -
ment ing me dia-spe cific geo chem i cal sur veys. These data,
com bined with the com pi la tion and col lec tion of ice-flow
data, have pro vided the ba sis for a more com pre hen sive un -
der stand ing of the study area’s ice-flow his tory. This im -
proved un der stand ing can only improve the effectiveness
of drift-prospecting programs in the region.

Trace-el e ment geo chem is try of till sam ples col lected in the
vi cin ity of two geo phys i cal anom a lies sug gest that these
anom a lies may be as so ci ated with me tal lic min er al iza tion.
This sug gests that de tailed till geo chem i cal sam pling, com -
bined with an un der stand ing of an area’s gla cial his tory, is
an ef fec tive way to test geo phys i cal anom a lies within ar eas
of thick drift and de ter mine if they are in fact re lated to me -
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Fig ure 7. Till geo chem i cal sur vey sam ple site dis tri bu tion in NTS map ar eas 093J/05, /06,
/11, /12, /13 and /14, cen tral Brit ish Co lum bia.



tal lic min er al iza tion. Geo chem i cal de ter mi na tions for 670
new sites are pending for a larger portion of the study area.
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