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Introduction

Cen tral Brit ish Co lum bia has ar eas of highly pro spec tive
bed rock ge ol ogy but min eral ex plo ra tion has been lim ited
due to the thick cover of surficial de pos its. To help spur
eco nomic growth in this re gion, which has been se verely
af fected by the moun tain pine bee tle, the fed eral and pro -
vin cial gov ern ments are fund ing geo log i cal pro jects such
as QUEST. 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 sig nif i -
cant hin drance to min eral ex plo ra tion. 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 in ter pret data from geo -
chem i cal sur veys of 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 along with both re gional and de tailed till geo -
chem i cal sur veys. The study area comprises NTS map
sheets 093G, H (west half) and J (Figure 1).

This am bi tious pro ject will oc cur over three years and pro -
vide

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

2) a map of ap prox i mate drift cover for ar eas within NTS
093 G, H (west half) and J 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;

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

4) till geo chem i cal data (in duc tively cou pled plasma mass
spec trom e try [ICP-MS] with aqua regia di ges tion and
in stru men tal neu tron ac ti va tion anal y sis [INAA] for

trace, mi nor and ma jor el e ments), gold grain counts and
heavy min eral sep a rates for sam ples col lected within
these new sheets; and

5) de tailed geo chem i cal sur veys down-ice of two geo -
phys i cal anom a lies (in ter preted from geo phys i cal data
[Barnett and Kowalczyk, 2008]).

This work will help to stim u late min eral ex plo ra tion in
beetle-kill–af fected ar eas by re leas ing new surficial ge ol -
ogy and geo chem i cal sur vey data and pro vid ing a frame -
work for com pa nies to in ter pret their own datasets. This
pro ject will also pro vide in valu able train ing for at least two
grad u ate stu dents and nu mer ous undergraduate students.

Field work oc curred in late June and early July 2008. The
ini tial two weeks con cen trated on col lect ing striation data
for the ice-flow his tory and check ing the va lid ity of ex ist -
ing soil and landform and surficial ge ol ogy map ping to be
used for drift thick ness map ping. The sec ond half of the
field work sea son con cen trated on till geo chem is try sam -
pling in ar eas down-ice from two geo phys i cal anom a lies.
The re sults of the first field season are given below.

Study Area and Physiography

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

Regional Quaternary History

The Cordilleran Ice Sheet has re peat edly cov ered BC and
por tions of Yu kon, Alaska and Wash ing ton over the last
two mil lion years (Armstrong et al., 1965; Clague, 1989).
Growth of the Cordilleran Ice Sheet is thought to have fol -
lowed four phases as de fined by Da vis and Mathews
(1944): al pine phase, in tense al pine phase, moun tain ice
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sheet phase and con ti nen tal ice sheet phase (Fulton, 1991;
Fig ure 2). In short, ice orig i nated in al pine ar eas as val ley
gla ciers. Over time, these val ley gla ciers ex tended out from 
moun tain fronts as piedmont gla ciers and even tu ally grew
into moun tain ice sheets. Even tu ally, the ice sheet would
have grown into a con ti nen tal ice sheet. Through out this se -
quence, to pog ra phy has less and less con trol over ice flow,
un til the con ti nen tal ice sheet phase when ice flows in de -

pend ent of to pog ra phy. 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 much of the In te rior Pla teau,
closely resembling the present-day Greenland Ice Sheet.

Dur ing the Late Wisconsinan, the last gla ci ation to af fect
BC, ice was ad vanc ing out of the Coast Moun tains by
28 000 BP. In the study area, it is un clear how ex ten sive the
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Fig ure 1. Dig i tal el e va tion model of the study area with ice flow in for ma tion. Drumlinized drift is ev i dent through out most of the study
area. Striation data is from field ob ser va tions in sum mer 2008. Some striation sites were sim pli fied to avoid clut ter ing. 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). D. Turner (Si mon Fra ser Uni ver sity) com piled the dig i tal el e va tion model. Ab bre vi a tion: dir, di rec tion.



gla ciers in the cirques of the Car i bou Moun tains were.
Paleoenvironmental re con struc tions from this time in di -
cate con di tions were very arid, not con du cive to grow ing
large lo cal gla ciers (Ward et al., 2005). How ever, it is clear
that a large gla cial lake ex isted in the Bowron Val ley in di -
cat ing that ice in the Rocky Moun tain Trench blocked the
mouth be fore lo cal ice ex tended out of the val ley. Ra dio car -
bon ages in di cate that ice cov ered the Bowron Val ley some -
time af ter 20 000 BP. Max i mum ex tent also oc curred af ter
this but there is no chro no log i cal con trol. Ev i dence that the
Cordilleran Ice Sheet at tained con ti nen tal ice sheet sta tus is
pro vided in a study by Stumpf et al. (2000), which shows
that the ice di vide shifted east ward from the Coast Moun -
tains to over the In te rior Pla teau, just to the west of the
study area.

In  con  t ras t ,  deg lac ia t ion  was  char  ac  te r  i zed  by
downwasting, fol lowed by wide spread stag na tion through -
out much of the in te rior (Fulton, 1967); the ice sheet melted
from the top down. It ap pears that the equi lib rium line ei -
ther rose very close to or above the top of the gla cier. Ini -
tially, re gional ice flow con tin ued but was less vig or ous. As 
up lands be came ex posed, sig nif i cant flow was re stricted to
val leys. Even tu ally, as the ice sheet con tin ued to thin, ice
tongues in the val leys be came stag nant and ceased to move. 
This style of deglaciation is char ac ter ized by flights of lake
lev els start ing in the high est val leys and end ing in the low -
est val leys. This is caused by the high est el e va tions be com -
ing ice-free first and lakes be ing ponded by ice in the lower

val leys. It is also char ac ter ized by ex ten sive ice stag na tion
to pog ra phy (e.g., hummocky or kame-and-ket tle to pog ra -
phy and the pres ence of eskers). Deglacial lakes dammed
by ice in the larger val leys are com mon in the Bowron Val -
ley and on the east side of the Rocky Moun tain Trench. The
last lake in the area, Glacial Lake Fraser, occupied the
Fraser River valley.

Results

Ice Flow

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, 1971; Clague, 1998a, b; Blais-Stevens and Clague,
2007) and com bin ing it with ob ser va tions made in the field. 
The ice-flow in di ca tors on the pre-ex ist ing maps gen er ally
con sist of macroforms such as drum lins, flut ings, crags-
and-tails and stream lined bed rock ridges. Drum lins gen er -
ally com prise thick (>3 m), ridged till (Fig ure 3a) that is
com monly de scribed as an in verted tea spoon shape. These
ridges are ori ented par al lel to ice flow and are asym met ric
in long pro file, with a steeper up-ice side and a gen tler
down-ice side. Flut ings are more elon gate till ridges, with -
out the asym met ric long pro file. Crags-and-tails have an
up-ice out crop of gla cially smoothed, re sis tant bed rock and 
a down-ice tail of till (Fig ure 3b). Stream lined bed rock
ridges are sim i lar in shape to flut ings. Drum lins are com -
mon through out the study area and were not mea sured in
the field as they are ev i dent on dig i tal el e va tion models
(DEM; Figure 1), topographic maps and Google™ Earth
im ages.

Ice-flow in di ca tors mea sured in the field were mainly
microflow in di ca tors, such as grooves, striations and rat
tails. Striations and grooves are gla cial ero sion fea tures that 
form by de bris in the base of the ice be ing dragged along the 
bed rock sur face (Fig ure 3c, e, f). They are usu ally con sid -
ered to be bidirectional, mean ing that a flow di rec tion is not
ev i dent from ex am i na tion of the striation or groove it self,
how ever, ex am i na tion of the out crop upon which the
striations are mea sured can give a sense of di rec tion by the
pres ence of a plucked sur face on one of the out crop edges.
Plucked sur faces are ev i denced by a steep ver ti cal edge
caused by the over rid ing ice freez ing onto the bed rock and
re mov ing blocks, usu ally along joints. Rat tails form where
there are more re sis tant por tions with a rock unit (i.e., clasts
in a con glom er ate, porphyroblasts, pheno crysts, etc).
These re sis tant por tions also pro tect the rock im me di ately
down-ice, form ing a small pro tu ber ance that has a tail
point ing down-ice (Fig ure 3d, f). These fea tures are con sid -
ered to be uni di rec tional, giv ing flow di rec tion. The Telkwa 
vol ca nic rocks have more resistant clasts that commonly
form rat tails (Figure 3f).

Striations were mea sured at a to tal of 33 sites. At some of
these sites, nu mer ous di rec tions were re corded (Fig ure 3d–
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Fig ure 2. Hy poth e sized se quence of ice growth for the Cordilleran
Ice Sheet (modified af ter Fulton, 1991).



f), at oth ers only one dom i nant di rec tion was re corded.
Find ing striations was chal leng ing due to the lack of bed -
rock ex po sures in parts of the field area, and the weath ered
na ture of some of the out crops pres ent. In most cases, ex -

cept for some fresh roadcuts, 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, it was some times pos si ble to de ter mine a rel a tive
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Fig ure 3. a) Roadcut through a drum lin, cen tral por tion of NTS 093J. A till sam ple was taken for geo chem i cal anal y sis. b) Crag-and-tail,
Sax ton Lake area. The gla cially smoothed crag and tail are in di cated. c) Ex am ple of a gla cially smoothed stri ated out crop, along High way
16 east of Prince George. d) Rat tails on a gla cially smoothed out crop, along High way 16 east of Prince George. Two ages of ice flow are in -
di cated, the older flow (1) formed the rat tails and the youn ger flow (2) trun cated the tails. e) Two striation di rec tions are pres ent on this out -
crop near Sax ton Lake but no age re la tion ship could be de ter mined. f) Stri ated fac eted sur face (1) is older than the striations and rat tails (2), 
along High way 16 west of Prince George.



age or tim ing by look ing for cross cut ting re la tion ships or
the rel a tive lo ca tion of the dif fer ent stri ated sur faces. For
ex am ple, if large grooves are pres ent and there are
striations in the groove, the groove must be older than the
striations. Sim i larly, by not ing the dom i nant di rec tion of ice 
move ment on an out crop, striations found on pro tected sur -
faces in the lee (down-ice) of this di rec tion are likely older
(Fig ure 3f). Rel a tive age con trol was only pos si ble at a few
sites, and most of these were within 20° of each other.
These slight differences likely reflect minor changes during 
deglaciation.

The dom i nant ice-flow di rec tion in the area is rel a tively
easy to dem on strate us ing the ori en ta tions of nu mer ous
drum lins (Fig ure 1), ex cept for por tions of NTS 093H
where drum lins are rare. These data were sup ple mented by
ob ser va tions on the striations, rat tails and grooves. The
drum lin data in di cate the dom i nant ice di vides, to the south
and west of the study area, con trolled the drum lin-form ing
ice flow. These two flow sources in ter acted, with ice flow
from the west ap pear ing to be dom i nant, caus ing ice flow to 
be de flected east ward. This de flec tion is ev i dent on the
DEM to the south east of Prince George along the mar gin of
the up lands of the Fra ser Pla teau. This ice con tin ued to flow 
to the east along the Rocky Moun tain Trench. In the north
part of the study area, the dom i nant flow changes from east-
northeast to northeast.

Striation data in gen eral cor re spond with ice flow in di cated
by the drum lins, how ever, some ex cep tions oc cur. For ex -
am ple, in the vi cin ity of Sax ton Lake (Fig ure 1) striations
and a crag-and-tail in di cate ice flow to the east. This likely
rep re sents a re advance over the area dur ing deglaciation,
some thing con firmed by ex am i na tion of sec tions in the
area. There are sev eral sites in the south east part of the
study area where val ley-par al lel striations were re corded.
These l ikely re f lect  val  ley-par al  lel  f low dur  ing
deglaciation, when ice had thinned enough that to pog ra phy
exerted more of an influence.

Drift Thickness

A rel a tive drift thick ness map is cur rently be ing con -
structed. This map will prove use ful to com pa nies plan ning
till-sam pling pro grams and lo cat ing ar eas where bed rock
out crop or near sur face subcrop are most likely to oc cur.
This map is be ing con structed from a mix of ex ist ing Geo -
log i cal Sur vey of Can ada (GSC) surficial ge ol ogy map -
ping, soil and landform map ping and some airphoto in ter -
pre ta tion. Surficial ge ol ogy maps at a scale of 1:100 000
ex ist in the north west, south west and south east por tions of
NTS 093G. Soil and landform map ping at a scale of
1:50 000 ex ists for the west half of NTS 093H, all of NTS
093G but only the south half of NTS 093J. As ter rain map -
ping will oc cur in the north west por tion of NTS 093J, re -
con nais sance map ping will be un der taken to pro vide drift

thick ness in for ma tion. Un for tu nately, there is no ter rain
map ping for the Quest area. The lim ited, ex ist ing, mainly
re con nais sance-scale, ter rain sta bil ity map ping is in ap pro -
pri ate for this map. Re con nais sance field ob ser va tions car -
ried out in the sum mer of 2008 will be in cor po rated. This
and ex ist ing map in for ma tion will be merged to the gen er al -
ized map units out lined be low:

1) Shal low to bed rock ter rain. Rock out crops are com mon
and/or at shal low depth (usu ally at <1 m). Surficial de -
pos its are dom i nantly de rived from lo cal bed rock (e.g.,
col lu vium and weath ered rock) but thin man tles of till
can also oc cur.

2) Vari able thick ness of till, usu ally <3 m thick. Some dis -
con tin u ous bed rock out crops oc cur and bed rock can be
ex pected in rel a tively shal low ex ca va tions such as
roadcuts. Iso lated ar eas of low-ly ing and depressional
ter rain may have sec ond- and third-or der de riv a tive sed -
i ments at the sur face, cov er ing the till.

3) Mainly a con tin u ous cover of thick till, usu ally 3 to
>10 m thick. Bed rock out crops are rare and usu ally the
un der ly ing rock sur face will only be ex posed in deep ex -
ca va tions (e.g., pits). Sur face man tles of sec ond- and
third-or der de riv a tive sed i ments are prob a ble in iso lated 
ar eas of low-ly ing and depressional ter rain.

4) Thicker and con tin u ous sur face cover of sec ond- and
third-or der de riv a tive sed i ments, in clud ing glacio -
fluvial, glaciolacustrine, flu vial, lac us trine, or ganic and
anthropogenic (e.g., mine waste). Sur face ex po sures of
till and/or bed rock are rare and may only be en coun tered 
in deep excavations.

Iso lated bed rock out crops in units of thicker drift will be
iden ti fied with an onsite sym bol. Gen er al ized ice-flow in -
for ma tion will be in cluded on these maps to as sist with the
plan ning of drift pros pect ing pro grams. Be cause of the gen -
er al ized and sim pli fied na ture of the units, how ever, train -
ing of sam plers on the iden ti fi ca tion of till is es sen tial to en -
sure a consistent sample medium.

Till Geochemistry

Till sam ples were col lected in the vi cin ity of two geo phys i -
cal anom a lies, which were iden ti fied by the au thors in col -
lab o ra tion with P.L. Kowalczyk, PK Geo phys ics Inc. (per -
sonal com mu ni ca tion, 2008). Both sites oc cur on NTS
093J, one in the south around Sax ton Lake and one in the
cen tral-west area of the map sheet (site lo ca tions [la belled
as Fig ure 5a, b] are shown on Fig ure 1). Ini tially, a to tal of
four anom a lies were iden ti fied by the in te gra tion of ex ist -
ing geo phys i cal data and re cently ac quired geo phys i cal
data, re leased by Geoscience BC (Sander Geo phys ics Lim -
ited, 2008), with re gional lake- and stream-sed i ment geo -
chem i cal data. Based on the lack of till oc cur ring at the sur -
face and their prox im ity to pop u lated ar eas (sam pling is
dif fi cult on private land), two of these areas were found to
be unsuitable.
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Basal till in the study area is a dense, dark grey, ma trix-
supported diamicton. This basal till is com posed of 25–
40% gravel-sized ma te rial (clasts) and the ma trix is usu ally
sandy silt (Fig ure 4). Sam pling proved dif fi cult be cause of
ac cess prob lems and lack of suit able sam ple me dia. For
both anom a lies, many of the mapped roads had been de ac ti -
vated and were undriveable with a four-wheel–drive truck.
The Sax ton Lake geo phys i cal anom aly oc curs in the tran si -
tion be tween glaciolacustrine de pos its as so ci ated with Gla -
cial Lake Fra ser and ar eas of till. Thus, glaciolacustrine de -
pos its cov er ing till de pos its lim ited sam pling. In the

vi cin ity of the north ern geo phys i cal anom aly, there were
ex ten sive ar eas of sand, which are likely postglacial eolian
deposits, and some areas of glaciofluvial deposits.

Basal till sam ples were col lected at a to tal of 123 sites
within and ad ja cent to the two study ar eas (Fig ure 5). At
each sam ple site, three sep a rate sam ples were col lected for
1) clay sep a ra tion at Sas katch e wan Re search Coun cil fol -
lowed by ICP-MS (Pack age 1-DX) at Acme An a lyt i cal
Lab o ra to ries Ltd.; 2) silt plus clay sep a ra tion and INAA
(Pack age 1D EnH) at Ac ti va tion Lab o ra to ries Ltd.; and 3)
ar chiv ing at the BC Geo log i cal Sur vey (BCGS). As well, at
30 of these sites >10 kg till sam ples were col lected for
heavy min eral sep a ra tion and gold grain counts, which are
to be car ried out at Over bur den Drill ing Man age ment Ser -
vices. The <0.25 mm frac tion of the heavy min eral con cen -
tra tion will be sent for INAA. These an a lyt i cal data will be
used to iden tify anom a lous sam ples which will then have
the heavy min er als picked and iden ti fied. Ini tial re sults will
be re leased at Roundup 2009. Fund ing ob tained from the
fed eral gov ern ment’s Moun tain Pine Bee tle (MPB) Pro -
gram, un der the di rec tion of C. Hutton (GSC, NRCan), will
cover the costs for the ma jor ity of these anal y ses, al low ing
more Geoscience BC funds to be used for anal y sis of sam -
ples next year. This fund ing will also al low for ad di tional
anal y sis by ICP-MS of the silt- plus clay-sized frac tion
sam ples al ready an a lyzed by INAA. An a lyt i cal vari abil ity
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Fig ure 5. Sam ple lo ca tions for the de tailed till geo chem i cal sur veys as so ci ated with lin ear mag netic geo phys i cal anom a lies (modified af ter
Sander Geo phys ics Lim ited, 2008). Striations and dom i nant ice flow in di cated with same sym bols from Fig ure 1. Note the dif fer ence in
scale be tween the two im ages: a) Sax ton Lake; and b) North 200 road. Lo ca tion of im ages shown on Fig ure 1.

Fig ure 4. Typ i cal dense, mas sive basal till found through out the
study area.



be tween the ICP-MS datasets for the two size frac tions will
be assessed. If results warrant, this type of analysis may be
continued for samples collected next summer.

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 stan dards are be ing uti lized. For the 143 sam ples sub -
mit ted for analysis, six were field du pli cates, seven were
an a lyt i cal du pli cates and six were stan dards ob tained from
R. Lett at the BCGS for use in this study.

De pend ing on these ini tial re sults, ar eas sam pled in the
sum mer of 2008 may be re vis ited in the sum mer of 2009 to
col lect more sam ples and there fore in crease sam ple den -
sity. Next sum mer, all-ter rain ve hi cles will be rented to al -
low fur ther ac cess and more foot tra verses will be planned.

Future Work

Terrain Mapping and Associated Till
Geochemistry

In the sum mer of 2009, two grad u ate stu dents will carry out
ter rain map ping on four to five 1:50 000 scale sheets in the
north west por tion of NTS 093J. The se nior au thors will
map an other one to two map sheets in the same vi cin ity.
Ter rain map ping will uti lize the BC clas si fi ca tion sys tem
(Howes and Kenk, 1997). As so ci ated with this map ping,
till sam ples will be taken for geo chem i cal anal y sis. The
same sam pling strat egy and an a lyt i cal con trol used in the
de tailed sur veys described above will be utilized.

Conclusion

Prog ress has been made on the gla cial geo log i cal frame -
work and drift pros pect ing for a por tion of the QUEST Pro -
ject area. Ice-flow his tory and drift thick ness data has been
col lected. Till sam ples as so ci ated with two geo phys i cal
anom a lies have been col lected and will be an a lyzed. These
stud ies will con tinue next year with the ad di tion of two
grad u ate stu dents who will un der take ter rain mapping and
more till sampling.
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