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Introduction

Min eral ex plo ra tion by tra di tional ex plo ra tion tech niques
has been hin dered in cen tral Brit ish Co lum bia be cause of a
thick and nearly con tin u ous cover of gla cial sed i ments
mask ing the bed rock sur face. The bed rock in the re gion has
a high min eral po ten tial with sev eral ac tive mines and past
pro duc ers. Re gional till geo chem is try sur veys have been
used to de ter mine the back ground min eral com po si tion and 
iden tify anom a lous con cen tra tions that can be traced to
bed rock sources. The geo chem i cal com po si tion of till is di -
rectly in flu enced by the bed rock ge ol ogy and dom i nant di -
rec tion of glacier flow during the last glaciation (Late
Wisconsinan).

To as sist the min ing in dus try in lo cat ing new min eral pros -
pects, a till geo chem is try sur vey and as so ci ated till peb ble
col lec tion was un der taken in the Bulkley River val ley and
ad ja cent ar eas (Fig ure 1). The data was col lected for the
Brit ish Co lum bia Geo log i cal Sur vey (BCGS) in 1996, as
part of a larger re gional till sam pling and surficial ge ol ogy
map ping pro ject in the Babine Lake val ley area of west-
cen tral BC. The BCGS pro ject was a com po nent of a pro -
gram of multidisciplinary and col lab o ra tive re search with
the Geo log i cal Sur vey of Can ada (GSC), uni ver si ties and
the min ing in dus try un der the Nechako Na tional
Geoscience Map ping Pro gram (NATMAP) in cen tral BC.
This Bulkley River val ley data has not been pub lished and
its re lease now would pro vide in for ma tion about the back -
ground geo chem is try and Qua ter nary ge ol ogy of this part
of west-central British Columbia, information that is not
currently available.

A two-year Geoscience BC–funded pro ject is un der way to
de liver the till geo chem i cal and peb ble li thol ogy data for
Bulkley River val ley and ad ja cent ar eas (en com pass ing
parts of NTS map ar eas 093L/07, /08, /09, /10, /11, /15; Fig -
ure 2). This pro ject is be ing un der taken in an area that is

within Geoscience BC’s QUEST-West Pro ject area and the
Moun tain Pine Beetle–Impacted Zone.

The ob jec tives of this study are three-fold:

· pub lish ex ist ing till geo chem i cal and peb ble li thol ogy
data;

· de ter mine the back ground geo chem i cal com po si tion of
till in an area hav ing a high min eral po ten tial; and

· iden tify gla cial dis persal trains orig i nat ing from bur ied
(subcropping) bed rock by an a lyz ing the dis tri bu tion of
above back ground (anom a lous) geo chem i cal and peb -
ble li thol ogy compositions.

The goal of this pro ject is to pro vide the min eral ex plo ra -
tion com mu nity ad di tional in for ma tion char ac ter iz ing the
gla cial ma te ri als, which in this re gion form a near-
continuous cover mask ing the bed rock sur face. Com bined
with ex ist ing geo log i cal and geo phys i cal data col lected by
Geoscience BC, and his tor i cal da ta bases ar chived at the
BCGS and GSC, this in for ma tion will as sist com pa nies to
iden tify new ex plo ra tion tar gets and re-eval u ate known
min eral oc cur rences. These ac tiv i ties will pro mote fur ther
in vest ment in the resource exploration and development
sector in this part of BC.

Study Area

The study area is lo cated in west-cen tral BC ap prox i mately
340 km east of Prince Rupert and 400 west of Prince
George (Fig ure 1), and cen tred along the Bulkley River val -
ley from its head wa ters, lo cated west of Hous ton (NTS
093L/07), north west to the town of Smithers (NTS
093L/14). The area can be ac cessed from the Yellowhead
(Trans-Can ada) High way 16 along an ex ten sive sys tem of
For est Ser vice, pro vin cial high ways, mu nic i pal and/or
farming roads.

This area of west-cen tral BC is char ac ter ized by broad U-
shaped drift-filled val leys, bor dered by gla cially rounded
moun tains, with only a few jag ged peaks emerg ing from the 
high est moun tains. The south ern two-thirds of the study
area, in clud ing much of the Bulkley River and Babine Lake
val leys, lie within the Nechako Pla teau phys io graphic sub -
di vi sion of the In te rior Pla teau (Hol land, 1976). The
Nechako Pla teau is char ac ter ized by a roll ing to un du lat ing
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to pog ra phy that lies at an av er age el e va tion of 1200 m asl.
The Bulkley River val ley is bor dered to the north and south
by the Skeena and Hazelton moun tains, re spec tively. The
Skeena Moun tains av er age 1600 m asl north of Hous ton
and rise steeply to over 2100 m asl north west of the town of
Smithers (Fig ure 2). The Bulkley, Telkwa and Hud son Bay
ranges of the Hazelton Moun tains lie south of the val ley
and reach el e va tions over 2300 m asl. Gla ciers and ice fields 
oc cupy the north-fac ing cirques. The Morice and Telkwa
River val leys drain these moun tains to the Bulkley River,
which flows north to the Skeena River and on to the Pa cific
Ocean. Babine Lake drains south and then east and lies
within the Fra ser River wa ter shed. A low di vide con -
structed of gla cial sed i ments sep a rates the Skeena River
and Fra ser River wa ter sheds along the east ern bound ary of
the study area. In places, gla cial melt wa ter streams have cut 
nar row chan nels across the di vide. These melt wa ter
streams drained gla cial lakes that formed in the Bulkley

River and Fraser River valleys (Plouffe, 2000; Stumpf et
al., 2004).

Quaternary Geology

Ex cept dur ing ear lier map ping of the bed rock ge ol ogy
where notes were made on gla cial land forms and fea tures
(e.g., Tip per and Rich ards, 1976), map ping of gla cial sed i -
ments in the study area was not con ducted un til the early
1980s (Clague, 1984). Only the surficial ma te ri als and gla -
cial land forms ly ing in the Bulkley River val ley be tween
the vil lage of Telkwa and town of Smithers be low
1220 m asl were mapped as part of this pro ject. Ad di tional
map ping was un der taken in other parts of the study area
from 1995 to 1997 as part of the Nechako NATMAP.
Stumpf (2001) and Stumpf et al. (2004) de scribed in de tail
the gla cial sed i ments ex posed in out crops along the
Bulkley, Morice and Telkwa rivers. Levson et al. (1998),
Stumpf et al. (2000) and Stumpf (2001) mapped the prom i -
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Fig ure 1. Lo ca tion of study area in west-cen tral Brit ish Co lum bia. The grid of 1:250 000 scale NTS map sheets is over lain on the map. The
study area is de lin eated by the red shad ing.



nent gla cial land forms and ero sional fea tures (e.g., striae,
flut ings, rat tails) found in the Bulkley River val ley and on
the ad ja cent up lands. The surficial ge ol ogy of the NTS
093L/09 map area was com piled by Levson (2002) as part
of geological studies conducted in the Babine Lake area.

Thick de pos its of till, gla cial lake and glaciofluvial sed i -
ments infill the ma jor val leys. Bore hole logs re corded dur -
ing drill ing of wa ter wells, en gi neer ing struc tural bor ings
and ex plo ra tion testholes sug gest that >50 m of gla cial sed i -

ments are pres ent in the deep est part of the Bulkley River
val ley (Stumpf, 2003). Gla cial lake sed i ments cap these de -
pos its in some val leys at <750 m asl (Stumpf et al., 2004).
Out side of the val leys, above ap prox i mately 1050 m asl, a
dis con tin u ous ve neer or blan ket of till is present on the bed -
rock surface.

Ice-Flow History

Stumpf et al. (2000), Stumpf (2001) and Levson (2002)
pro vide a de tailed dis cus sion of the ice-flow his tory of the
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Fig ure 2. Over view of the Bulkley River pro ject area in west-cen tral Brit ish Co lum bia. Till sam ple lo ca tions are de noted by the red dots. The
grid of 1:50 000 scale NTS map sheets is over lain on the map. Min eral oc cur rences were plot ted from the MINFILE BC min eral de pos its da -
ta base (BC Geo log i cal Sur vey, 2008).



Bulkley River area. The chro nol ogy of gla cier flow events
was built from sug gested ice-flow his to ries (e.g., Clague,
1984; Plouffe, 1991; Tip per, 1994). This was ad vanced fur -
ther by the in ter pre ta tions made from ice-flow in di ca tors,
which in cluded mea sur ing the ori en ta tion of stream lined
land forms (such as drum lins, crag-and-tail ridges and flut -
ings mapped from ae rial pho to graphs) and the ori en ta tion,
cross cut ting pat tern and de gree of pres er va tion of
striations, rat tails and grooves on bed rock out crop. Three
main phases of ice flow have been rec og nized in the study
area from in ter pre ta tion of the ice-flow in di ca tors. At the
on set of gla ci ation, cirques and val ley gla ciers ex panded
from ac cu mu la tion cen tres in the Skeena and Hazelton
moun tains and flowed west along the Bulkley River val ley
into the Skeena River val ley and south and east on to the
Nechako Pla teau. At this time, the di rec tion of gla cier flow
was con trolled pri mar ily by up lands bor der ing the val leys.
Upon fur ther ac cu mu la tion, ex pan sion and thick en ing of
the ice, the gla ciers even tu ally formed a sin gle (Cor dil -
leran) ice sheet. At its max i mum ex tent, the ice sheet
reached a thick ness over 2000 m, at which time the cen tres
of ac cu mu la tion had shifted to the east of the study area
over the Nechako Pla teau. This re con fig u ra tion in the ice
sheet caused a ma jor re ver sal in gla cier flow across the
study area. The ice sheet was able to flow un ob structed,
above ma jor top o graphic bar ri ers in the Skeena and
Hazelton moun tains. Sub se quently, gla cier flow was from
east to west across the Bulkley River val ley, away from ice
cen tres lo cated fur ther in land, then across coastal moun -
tains to the Pa cific Ocean. This re ver sal con tin ued well into
the gla ci ation pe riod un til the drawdown of the ice low ered
the sur face of the gla ciers be low top o graphic bar ri ers in the
Skeena and Coast moun tains. At this time, the cen tres of
growth shifted west to the Skeena and Hazelton moun tains
caus ing the pat tern of gla cier flow to shift back to the con -
fig u ra tion of the early (ad vance) gla cial phase. These re ver -
sals are not only rec og nized by map ping ice-flow in di ca -
tors, but also by the pat tern of glacial transport determined
from till geochemistry surveys and tracing erratics back to
the bedrock source (Stumpf et al., 2000; Ferbey and
Levson, 2001, 2010).

Bedrock Geology

The Bulkley River area lies en tirely within the Stikine
terrane of the morphogeological Intermontane Belt, just
east of the Coast Belt (Gabrielse et al., 1991). The bed rock
ge ol ogy in the NTS 093L map area was first de scribed and
mapped by Armstrong (1944), and later re vised by Tip per
and Rich ards (1976). Ad di tional geo log i cal map ping and
data com pi la tion has been con ducted (e.g., Mac In tyre et al., 
1987; Massey et al., 2003; Struik et al., 2007) to up date the
geo log i cal units and tec tonic set ting. Re cent map ping, sup -
ported by Geoscience BC, in Bulkley River val ley and ad ja -
cent ar eas was fo cussed on com pil ing ex ist ing data on

Skeena Group and Bow ser Ba sin rocks (Mac In tyre, 2006;
Evenchick et al., 2008).

The study area is un der lain by Mid dle to Late Tri as sic,
Early to Mid dle Ju ras sic vol ca nic, volcaniclastic and re -
lated ma rine sed i men tary rocks of the Takla and Hazelton
groups (Mac In tyre, 2006). Lo cally, these rocks are un con -
form ably over lain by Late Ju ras sic to Early Cre ta ceous ma -
rine to nonmarine sed i men tary rocks of the Bow ser Lake
and Skeena groups, which were de pos ited along the south -
east ern mar gin of the Bow ser Ba sin (Mac In tyre, 2006;
Alldrick et al., 2007). Over the west ern half of the study
area, Late Cre ta ceous to early Eocene vol ca nic and re lated
pyroclastic and volcaniclastic rocks un con form ably over lie 
rocks of the Stikine terrane and Bow ser Ba sin (Mac In tyre,
2006). From Hous ton to the south east, the Stikine terrane is
un con form ably over lain by Early Eocene ba salt and flows
with re lated pyroclastic rocks of the Endako Group. These
strat i fied rocks are cut by four plutonic suites (Topley,
Bulkley, Babine and Nanika) as so ci ated with ma jor mag -
matic events that oc curred dur ing the Early Ju ras sic, Late
Cre ta ceous and Eocene. Most of the min eral de pos its in the
study area are re lated to the Late Cre ta ceous Bulkley and
Eocene Babine and Nanika suites (Carter, 1981; Mac In -
tyre, 2006). The most eco nom i cally important deposit
types associated with these intrusions are the following:

· epi ther mal and polymetallic veins – in tru sions out crop -
ping on Grouse and Dome moun tains;

· por phyry Cu±Mo±Au de pos its – Bell past pro ducer
(MINFILE 093M  001; BC Geo log i cal Sur vey, 2010),
Granisle past pro ducer (MINFILE 093L  146) and Big
On ion de vel oped pros pect (MINFILE 093L  124), all
shown on Fig ure 2; and

· low F-type por phyry Mo de pos its – Davidson de vel -
oped pros pect (MINFILE 093L  110; Fig ure 2).

In ad di tion, Eskay Creek–type subvolcanic Cu-Ag-Au-
(As-Sb) de pos its (Del Santo pros pect [MINFILE
093L  025; Fig ure 2]) have been rec og nized as po ten tial tar -
get ar eas for fur ther ex plo ra tion. The most pro spec tive
rocks for dis cov ery of this type of de posit in clude Mid dle
Ju ras sic sub ma rine vol ca nic rocks of the Hazelton Group
(Massey et al., 1999) and mid-Cre ta ceous bi modal vol ca nic 
rocks of the Rocky Ridge For ma tion (Mac In tyre and
Villeneuve, 2001; Alldrick et al., 2007).

Previous Work

Re gional- and prop erty-scale till geo chem is try sur veys
were un der taken ad ja cent to and di rectly east and south of
the study area (Plouffe, 1995; Ferbey and Levson, 2001,
2010; Levson, 2002; Ferbey et al., 2009; Ferbey, 2010).
These stud ies have found a di rect cor re la tion with the min -
er al ogy and li thol ogy of till and min er al ized bed rock found
up-ice. In ad di tion to de ter min ing the back ground el e men -
tal com po si tion of till, in some ar eas, the di rec tion and max -
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i mum dis tance of gla cial trans port was de ter mined based
upon the lo ca tion of geo chem i cal anom a lies, di rec tion of
gla cier flow and till thick ness (Plouffe, 1995; Levson,
2001; Ferbey and Levson, 2010).

Till Sample Collection

In 1996, as part of till geo chem is try and Qua ter nary ge ol -
ogy stud ies in the Babine Lake area in sup port of the
Nechako NATMAP in cen tral BC, a till sam pling pro ject
was un der taken in the Bulkley River val ley and ad ja cent ar -
eas to ex pand the col lec tion of geo chem i cal data in the re -
gion and pos si bly con firm the dom i nant di rec tion of gla cial
trans port in ferred from the ice-flow in di ca tors. A to tal of
135 till sam ples was col lected for geo chem i cal anal y ses
(Fig ure 2). In ad di tion, peb bles from the till, which were
rep re sen ta tive of the lithological composition, were col -
lect ed for identification.

Field Methods

Till sam pling sites were se lected to set the great est den sity
of sam ples along transects per pen dic u lar to es tab lished ice-
flow di rec tion as out lined in Levson (2002). Sam ples of
basal till (the pre ferred sam pling me dium for till geo chem -
is try pro grams in cen tral BC; see Levson, 2001) were col -
lected from nat u ral and man-made ex po sures (roadcuts,
river shore ex po sures, bor row pits and soil pits). The av er -
age sam ple depth was ap prox i mately 1 m and sam ples typ i -
cally weighed be tween 3 and 5 kg. Field sites were marked
with metal tags and flag ging tape, both la belled with the
unique site num ber. Lo ca tions of sam ples sites were plot ted 
on a 1:50 000 scale NTS base map with the aid of ae rial pho -
to graphs and a hand-held GPS unit. Co-or di nates (NAD 83, 
Zone 9) ob tained from the GPS unit for each sample site
were recorded on field sheets.

Sedimentological data were col lected at all sam ple sites.
The data in cluded de scrip tions of sed i ment type, pri mary
and sec ond ary struc tures, ma trix tex ture, pres ence of
fissility and com pact ness, to tal per cent age and modal size
of clasts, round ing of clasts, pres ence of stri ated clasts, and
sed i ment gen e sis and thick ness. Fur ther in for ma tion was
noted on soil ho ri zons, lo cal slope, bed rock striae, bed rock
li thol ogy, clast prov e nance and abundance of mineralized
erratics.

From each till sam ple, the li thol ogy of 50 to 100 clasts in the 
25 to 100 mm size range were iden ti fied and grouped into
broad lithological cat e go ries to re flect ma jor prov e nance
ar eas. The ob jec tive of this anal y sis was to de ter mine the
di rec tion and dis tance of gla cial trans port from source
bedrock units.

Laboratory Methods

The till sam ples col lected were air dried, split and sieved to
the –230 mesh (<62.5 µm). One split from each sam ple was

re served  for  grain-size  or  other  fol low-up  anal y ses.  The
–230 mesh frac tion from each sam ple was an a lyzed by in -
stru men tal neu tron ac ti va tion anal y sis (INAA) for 35 el e -
ments at Ac ti va tion Lab o ra to ries Ltd. (Ancaster, On tario).
Sam ples were also sub mit ted to Acme An a lyt i cal Lab o ra -
to ries Ltd. (Van cou ver, BC) for two types of anal y ses: in -
duc tively cou pled plasma–emis sion spec trom e try (ICP-
ES) af ter aqua-regia di ges tion for 30 el e ments and flame -
less atomic ab sorp tion spec tros copy for Hg.

Quality Assurance–Quality Control

In or der to dis crim i nate geo chem i cal trends re lated to geo -
log i cal fac tors from those that re sult from spu ri ous sam -
pling or an a lyt i cal er rors, a num ber of qual ity con trol mea -
sures were in cluded in both the field and lab o ra tory
com po nents of the pro ject. These in cluded the use of field
du pli cates, an a lyt i cal or blind du pli cates and con trol stan -
dards, one of each type be ing ran domly in serted into each
set of 17 rou tine field sam ples to make a block of 20 sam -
ples sub mit ted for anal y sis. Field du pli cates were taken
from ran domly se lected field lo ca tions and sub jected to
iden ti cal lab o ra tory prep a ra tion pro ce dures. An a lyt i cal or
blind du pli cates con sist of sam ple splits taken af ter lab o ra -
tory prep a ra tion pro ce dures but prior to anal y sis. Con trol
ref er ence stan dards in clude sev eral BCGS geo chem i cal
ref er ence ma te ri als com pris ing the –180 µm size frac tion of 
a va ri ety of bulk sam ples. Du pli cate field and lab o ra tory
sam ples were in cluded to mea sure sam pling vari abil ity and
analytical precision, respectively, whereas reference
standards were used to measure the analytical accuracy.

Forthcoming Data Release

Till geo chem i cal data and peb ble li thol ogy data from the
Bulkley River val ley and ad ja cent ar eas will be re leased as
a Geoscience BC re port by spring 2012. This re port will in -
clude data from the geo chem i cal sur vey and peb ble sam -
pling pro gram, an anal y sis of the data in terms of ex plo ra -
tion for me tal lic min eral de pos its, and an eval u a tion of
trends in the geo chem i cal and lithological data with re spect
to the com plex ice-flow his tory. The re port will be ac com -
pa nied by dig i tal datasets con tain ing the geo chem i cal, clast 
li thol ogy and sedimentological data collected at each field
site.
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