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INTRODUCTION

A two-year re con nais sance-scale stream and gla cial
sed i ment sam pling pro ject, funded by Geoscience BC and
the Geo log i cal Sur vey of Can ada, was im ple mented by the
Geo log i cal Sur vey of Can ada in 2005 with the ob jec tive of
eval u at ing the po ten tial for di a mond-bear ing kimberlite,
gold, base metal and other eco nomic com mod i ties in north -
east BC (Plouffe et al., 2006b). The in tended ben e fit of the
pro ject is to pro mote fu ture in vest ments for min eral ex plo -
ra tion and to re duce the risk as so ci ated with such ac tiv ity.
This pro ject was cre ated fol low ing the an nounce ment of
the oc cur rence of kimberlite in di ca tor min er als (KIM) in
gla cial sed i ments from north east BC (Levson et al., 2004;
Simandl, 2005), which sparked in ter est in the ex plo ra tion
of kimberlites in north east BC. This pro ject in cludes par tic -
i pants from the Geo log i cal Sur vey of Can ada (GSC) and
the BC Min is try of En ergy, Mines and Pe tro leum Re -
sources (MEMPR). The GSC, un der the North ern Re -
sources De vel op ment Pro gram, and the Al berta En ergy and 
Util i ties Board/Al berta Geo log i cal Sur vey (EUB/AGS) are 
fund ing a pro ject with sim i lar ob jec tives in north west Al -
berta. A more de tailed over view of the BC pro ject was
presented by Plouffe et al. (2006b).

The first year of the pro ject (2005) in volved
reconnaissance-scale sam pling of stream and gla cial sed i -
ments (Plouffe et al., 2006b). Sam ples were pro cessed for
heavy min er als dur ing the win ter of 2006. In the sec ond and 
last year of the pro ject, ad di tional stream sed i ment sam -

pling was com pleted dur ing the fall along three east-west
transects lo cated be tween Fort St. John and Fort Nel son.
The ob jec tive of this pa per is to pres ent the pre lim i nary re -
sults of the 2005 sam pling pro gram and the prog ress made
dur ing 2006. Fi nal re sults will be re leased in a fu ture pub li -
ca tion (GSC Open File Re port), which will in clude an in te -
grated in ter pre ta tion of the 2005 and 2006 stream and gla -
cial sed i ment min er al ogy and geo chem is try. All data
pro duced from this pro ject will be pro vided in a for mat that
al lows it to be in te grated into the MEMPR MapPlace
website (BC Geological Survey, 2006).

PHYSIOGRAPHY

A de scrip tion of the phys i og ra phy, bed rock and
surficial ge ol ogy of the area was pro vided by Plouffe et al.
(2006b) and is only briefly sum ma rized here. The study
area is gen er ally flat to gently roll ing with an av er age el e va -
tion be low 600 m asl with the ex cep tion of the Etsho Pla -
teau, which stands at an av er age el e va tion of 900 m asl.
Streams are gen er ally poorly de vel oped be cause of the flat
ter rain, ex cept around the Etsho Pla teau where they are in -
cised into glacial sediment and bedrock.

GEOLOGY OF THE STUDY AREA

Archean and Pro tero zoic base ment rocks over lain by a
suc ces sion of nearly hor i zon tal Pa leo zoic and Me so zoic
sed i men tary rocks un der lie north east BC. Rocks of the Cre -
ta ceous Shaftesbury (dom i nantly shale) and Dunvegan
(dom i nantly sand stone) for ma tions out crop in a lim ited
num ber of places within the re gion. Given the age of the
youn gest sed i men tary rocks in the re gion, any kimberlites
older than the Cre ta ceous would not be ex posed to gla cial
or flu vial ero sion and would not con trib ute in di ca tor min er -
als di rectly to the surficial sed i ments. There fore, the meth -
od ol ogy ap plied in this pro ject lim its any dis cov er ies to
kimberlites youn ger than or contemporaneous with the
Cretaceous host rocks.

The Laurentide ice sheet ad vanced over north east BC
dur ing the Late Wisconsinan gla ci ation leav ing be hind a
thick cover of gla cial sed i ments in clud ing sand and gravel-
rich glaciofluvial sed i ments, clay-rich till and glacio-
lacustrine sed i ments. Ex po sures in bor row pits and well-
log re cords in di cate great thick nesses of till and other gla -
cial sed i ments (>20 m) in many parts of the low-ly ing ar eas
sur round ing the Etsho Pla teau. Around the pe riph ery of the
pla teau, till thick nesses are much less, in some places form -
ing only a ve neer (<1 m thick) over ly ing shale bed rock. On
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top of the pla teau, till thick nesses are in the or der of 5 to
10 m. Sev eral surficial ge ol ogy maps which de pict ice-flow 
di rec tion and surficial sed i ment dis tri bu tion have been
pub lished (Bednarski, 2005a, b; Smith, in press a–d). At
gla cial max i mum, ice gen er ally flowed west to south west
as in di cated by the ori en ta tion of drum lins, flut ings, crag-
and-tails and till clast fab rics. Deglaciation of the re gion
oc curred around 11 500 to 11 000 ra dio car bon years be fore
pres ent with the high est point, Etsho Pla teau, be ing
deglaciated first (Dyke et al., 2003; Dyke, 2004). In his re -
con struc tion of the ice front con fig u ra tion dur ing ice re -
treat, Mathews (1980) de picted the ice-free Etsho Pla teau
sur rounded by lobes of ice to the north and south; the south -
ern one was re ferred to as the Fort Nel son lobe. Melt wa ter
flow ing from the re treat ing ice eroded sig nif i cant melt wa -
ter chan nels and de pos ited glaciofluvial sand and gravel,
which have been a fo cus of the gla cial sed i ment sam pling
pro gram. Glaciofluvial sed i ments pro -
vide a broader re gional sam pling of the
bed rock min er al ogy, as com pared to till. 
Such de pos its are, how ever, rare and
geo graph i cally re stricted in the field
area, thus the gla cial sed i ment sam pling
pro gram also in cludes bulk till sam ples,
and sam ples from dis crete sand and
gravel units ob served within thicker till
sec tions. These sand and gravel units
are as so ci ated with gla cial de for ma tion
pro cesses, in clud ing the thrust ing and
stack ing of till sheets. They form as a re -
sult of win now ing of finer ma te rial by
wa ter flow ei ther at the base of a gla cier,
or along shear planes within the till, and
are thus anal o gous to glaciofluvial de -
pos its. A large pro por tion of the area is
overlain by organic deposits (fens and
bogs), which greatly impeded any
systematic and spatially integrated
sampling of glacial sediments.

New Potential for Base Metal
Exploration

Ap prox i  mately 180 km east -
southeast of the Etsho Pla teau in the
Zama Lake, Al berta re gion, a new po -
ten tial for base metal ex plo ra tion was
re vealed by the iden ti fi ca tion of a
sphalerite dis persal train in till (Plouffe
et al., 2006a). The sphalerite was iden ti -
fied in the sand-sized frac tion of a num -
ber of till sam ples, which con tain up to
1000 grains of sphalerite and trace
amounts of ga lena. The anom aly over -
lies bed rock of the Shaftesbury For ma -
tion and is in close prox im ity to the
Great Slave Lake Shear Zone (GSLSZ),
a ma jor struc tural break trending south -
west and ex tend ing from Great Slave
Lake to north east BC (Gehrels and
Ross, 1998). The Pine Point Mis sis sippi 
Val ley-type de posit, on the south shore
of Great Slave Lake, oc curs along the
GSLSZ ap prox i mately 330 km north -
east of the anom aly. Plouffe et al.
(2006a) sug gest that the till anom aly is

de rived from an un dis cov ered bed rock source as op posed
to rep re sent ing long dis tance gla cial trans port from the
Pine Point re gion. The po ten tial for zinc min er al iza tion in
north east BC might also ex ist given that the bedrock
geology of northwest Alberta is similar.

METHODOLOGY

Stream Sediment and Water Sample
Collection

Trucks and a he li cop ter were used to col lect stream
sed i ment and wa ter for geo chem i cal and KIM anal y ses.
Stream sed i ment sam pling was fo cused on the best-
developed streams. At 49 sites (Fig 1), a 125 ml wa ter sam -
ple and ap prox i mately 2 kg of silt and clay were col lected
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Fig ure 1. Lo ca tion of stream sed i ment and wa ter sam ples col lected in north east BC in
2005 and 2006.



from the ac tive part of the stream chan nel. At 36 of these
sites (Fig 1), coarse sed i ment (ide ally from the up stream
end of midchannel bars) was wet-sieved through a 12-mesh 
(1.68 mm) screen to ob tain a sam ple weigh ing be tween 10
and 15 kg for ad di tional geo chem i cal and min er al og i cal,
in clud ing KIM, anal y sis. Site lo ca tions were re corded with
a global po si tion ing sys tem (GPS) re ceiver, field ob ser va -
tions were noted and sites were flagged. For a more de tailed 
de scrip tion of sam ple col lec tion, see McCurdy et al.
(2006). Preliminary results of these analyses are presented
below.

To ex tend the cov er age of stream sed i ment base line
data for north east BC, three east-west stream sed i ment
sam ple transects were com pleted with truck and he li cop ter
sup port across the zone where the Laurentide ice sheet,
Cordilleran ice and Rocky Moun tain montane gla ciers
were thought to be in con tact dur ing the late Wisconsinan
(Mathews, 1980). Com pleted in the fall of 2006, silt, wa ter,
peb bles and bulk sed i ment sam ples were col lected from a
to tal of 79 sites (Fig 1). Geo chem i cal data from sed i ments,
wa ter and heavy min eral con cen trates in ad di tion to min er -
al og i cal in for ma tion from heavy min eral con cen trates and
peb bles will be pub lished in 2007.

Glacial Sediment Sample Collection

Trucks, all-ter rain ve hi cles and he li cop ters were used
to col lect gla cial sed i ment for geo chem i cal anal y sis. At 140 
sites ap prox i mately 4 kg of till were col lected be low the
depth of the ox i dized soil ho ri zon from roadcuts, hand-dug
pits, bor row pits and au ger holes. At 17 of these sites, bulk
sam ples weigh ing ap prox i mately 25 kg were col lected for
KIM anal y sis. An ad di tional 26 bulk sam ples of pri mar ily
glaciofluvial sed i ment were col lected for KIM anal y sis.
One sam ple of crushed bed rock (Dunvegan For ma tion
sand stone) was col lected for KIM anal y sis. Site lo ca tions
were re corded with a global po si tion ing sys tem (GPS) re -
ceiver, field ob ser va tions were noted and sites were
flagged. For a more de tailed de scrip tion of sam ple col lec -
tion, see Plouffe et al. (2006b).

Sample Processing and Analysis

Bulk gla cial and stream sed i ment sam ples were
shipped to Over bur den Drill ing Man age ment Lim ited
(ODM), Ot tawa, On tario, for heavy min eral sep a ra tion us -
ing a com bi na tion of a shak ing ta ble and heavy liq uids (spe -
cific grav ity 3.2) to sep a rate the nonferromagnetic heavy
min eral frac tion. The heavy min eral con cen trate (HMC)
was picked for KIM and other in di ca tors such as gold in the
same lab o ra tory. Gold grains, KIM and other heavy min er -
als were iden ti fied in the 0.25 to 2 mm frac tion un der bin oc -
u lar mi cro scopes by staff min er al o gists at ODM. Based on
the to tal vol ume of vis i ble gold grains iden ti fied in each
sam ple and the to tal weight, an es ti mate of the gold con cen -
tra tion of the HMC, in parts per bil lion, was cal cu lated by
ODM. Vi sual iden ti fi ca tion of min eral grains was made
mainly on the ba sis of col our, crys tal habit, lus tre and al ter -
ation. A scan ning elec tron mi cro scope was used to con firm
the iden tity of some grains. One sam ple of bulk till spiked
with a known num ber of KIM was in cluded in the samples
sent to the laboratory to monitor the quality of the visual
identification.

Microprobe anal y ses of KIM grains de rived from gla -
cial sed i ments were con ducted us ing the CAMECA

Camebax elec tron microprobe at Carleton Uni ver sity, Ot -
tawa, On tario. Kimberlite in di ca tor grains de rived from the
heavy min eral frac tion of stream sed i ments were an a lyzed
at the GSC us ing a CAMECA SX-50 elec tron microprobe.
Se lected re sults are pre sented and dis cussed herein; a com -
plete an a lyt i cal re port will be pub lished in 2007 as a GSC
Open File Report.

Stream and gla cial sed i ment sam ples (2 and 4 kg) were
shipped to Acme An a lyt i cal Lab o ra to ries Ltd., Van cou ver,
BC, for prep a ra tion and geo chem i cal anal y sis. 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) were con ducted 
on the silt and clay-sized frac tion (–250 mesh or
<0.063 mm) of the till sam ples only. The –80 mesh
(<177 µm) frac tion of the stream sed i ments and the
<0.25 mm frac tion of the heavy min eral con cen trates were
an a lyzed by ICP-MS at Acme An a lyt i cal Lab o ra to ries Ltd.
In stru men tal neu tron ac ti va tion anal y sis was car ried out at
Becquerel Lab o ra to ries Inc., To ronto, On tario. An a lyt i cal
qual ity was mon i tored with ad di tional stan dard and du pli -
cate samples inserted into the sample suite following
sample preparation.

Wa ter sam ples col lected at stream sed i ment sites were
fil tered and acid i fied with ni tric acid within 24 hours of col -
lec tion. An unacidified, un fil tered subsample was used to
de ter mine pH and con duc tiv ity at this time. Sam ples were
shipped to the GSC for anal y sis by ICP-MS and in duc tively 
cou pled plasma emis sion spectroscopy (ICP-ES).

RESULTS AND DISCUSSION

KIM in Glacial and Stream Sediments

Of the 44 gla cial sed i ment sam ples sub mit ted for anal -
y sis, 23 sam ples yielded be tween one and three KIM in the
0.25 to 0.5 mm frac tion (Ta ble 1; Fig 2). Most of the KIM
were re cov ered from glaciofluvial sand and gravel de pos its 
and only 2 out of 15 till sam ples con tained a sin gle KIM
grain (one Mg-il men ite and one peridotitic gar net). Con -
cen tra tions of KIM were low in all sam ples (a to tal of 36 in -
di vid ual KIM were iden ti fied in the en tire sam ple set), as
was min er al og i cal di ver sity – only four sam ples had more
than one type of KIM. Peridotitic (Cr-pyrope) gar net (20)
was the most com mon KIM, fol lowed by chro mite (8) and
lesser amounts of Cr-di op side (4) and Mg-il men ite (4).
With the ex cep tion of one il men ite grain re trieved from the
0.5 to 1.0 mm frac tion of sam ple SUV05329, all of the KIM
iden ti fied were found in the small est sand-size frac tion,
0.25 to 0.5 mm. No KIM were recovered from the bedrock
sample (TFE05-6).

The Cr-pyrope gar nets con tain be tween 2.66 and
11.61 wt.% Cr2O3. Most are clas si fied as G9 gar nets from
lherzolite xe no liths, ex cept for four G12 gar nets high in
CaO, which are from wehrlite, and one mod er ately Ti-rich
(0.40 wt.% TiO2) G11 gar net, which could be clas si fied as a 
gar net from sheared and/or metasomatized lherzolite (Ta -
ble 1). One pyrope from sam ple SUV05311 falls on the
Gurney’s  (1984)  85% line  sep a  ra t  ing  subcalcic
harzburgitic gar nets from fer tile peridotitic gar nets – all
other gar nets fall above the 85% line. No subcalcic
harzburgitic garnets were found.

Microprobe anal y sis of the Cr-di op side grains yielded
Cr2O3 con cen tra tions be tween 0.65 and 1.17 wt.%, which
are fairly mod er ate com pared to other man tle Cr-diopsides.
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TABLE 1. GLACIAL SEDIMENT SAMPLE LOCATIONS AND KIMBERLITE INDICATOR MINERAL (KIM) DATA, NORTHEAST BC. ALL KIM GRAINS WERE
RETRIEVED FROM THE 0.25 TO 0.5 MM FRACTION EXCEPT FOR ONE MAGNESIUM-ILMENITE GRAIN IN THE 0.5 TO 1.0 MM FRACTION OF SAMPLE

SUV05329.

Sample no. Sample type

Easting 

(NAD83)

Northing 

(NAD83) Material

Peridotitic 

garnet

Eclogitic 

garnet (G3)

Cr-

diopside Olivine Chromite

Mg-

ilmenite Total
AH05082208 glaciofluvial 495542 6345782 16.8 sand, gravel 0
AH05090315 glaciofluvial 526846 6285837 16.2 sand, gravel 0
AH05090801 glaciofluvial 673984 6114298 17.7 sand, gravel 0
05BJB003 glaciofluvial 642388 6582953 27.8 sand, gravel 0
05BJB008 glaciofluvial 657605 6606064 22.4 sand, gravel 0
05BJB015 glaciofluvial 558510 6631336 29.1 sand 3 3
05BJB018 glaciofluvial 571458 6577012 25.6 sand 1 1 1 3
05BJB019 glaciofluvial 558408 6576514 26.8 sand 1 1
05BJB023 glaciofluvial 542323 6611531 15.9 sand, gravel 1 (G12) 1
05BJB026 glaciofluvial 566397 6647091 19.5 sand, gravel 2 (G9,G12) 2
05BJB028 glaciofluvial 620082 6649890 18.4 sand, gravel 1 1
TDE05-5 glaciofluvial 575001 6559192 28.0 sand 2 (G9,G12) 2
TDE05-18 till 568431 6570801 25.1 till 0
TDE05-25 glaciofluvial 570268 6554421 25.1 sand, gravel 2 (G9,G11) 2
TDE05-29 glaciofluvial 570642 6576584 19.3 sand, gravel 0
TDE05-34 glaciofluvial 569289 6541614 21.7 sand, gravel 1 1
TDE-05w-03 glaciofluvial 577988 6557173 25.4 sand, gravel 1 1
TFE05-3 glaciofluvial 568376 6570926 17.3 sand, gravel 1 1 2
TFE05-5 till 567670 6580969 25.3 till 0
TFE05-6 bedrock 567986 6566251 12.5 crushed rock 0
TFE05-7 glaciofluvial 579115 6554073 17.4 sand, gravel 1 1 1 3
TFE05-8 glaciofluvial 618526 6601001 21.5 sand, gravel 1 1 2
TFE05-9 till 609589 6541386 21.0 till 0
TPCE-05-26 glaciofluvial 569294 6553872 19.4 sand, gravel 2 (G9,G12) 2
SUV05311 till 623127 6493387 30.6 sand 1 1
SUV05314 fluvial, Tertiary 654056 6539077 16.8 sand, gravel 2 2
SUV05317 till 537106 6516768 23.2 sand, gravel 1 1
SUV05318 till 548627 6513265 25.8 sand, gravel 1 1
SUV05319 till 579208 6516097 23.6 till 0
SUV05320 till 571489 6529518 24.1 sand, gravel 1 1
SUV05321 glaciofluvial 579560 6538956 25.1 sand, gravel 1 1
SUV05322 till 564840 6487053 19.0 sand, gravel 0
SUV05323 till 561225 6483879 24.1 sand, gravel 1 1
SUV05324 till 559889 6478976 24.6 till 1 1
SUV05325 till 595816 6514514 24.4 till 0
SUV05326 till 600606 6538407 21.8 till 0
SUV05328 till 604594 6517488 25.7 till 0
SUV05329 till 597854 6516988 14.7 till 1 1
03SUV2338 till 565925 6507214 32.5 till 0
03SUV2339 till 575154 6533261 27.9 till 0
03SUV2341 till 595709 6504607 26.7 till 0
03SUV2343 till 605130 6517808 22.6 till 0
03SUV2344 till 599821 6538389 25.8 till 0
VLE-05-01 fluvial, modern 554596 6443457 23.4 till 0
1
Total sample weight of the <2 mm fraction processed

Kimberlite indicator minerals (confirmed by probe analysis)Sample  

weight 

(g)



When plot ted us ing Nimis (1998) cri te ria, three of the Cr-
di op side grains are dis crim i nated as be ing from gar net
peridotite (sam ples TDE05-34, TDE05w-03, TFE05-7),
while the fourth (sam ple O5BJB018) is from spinel-
peridotite assemblages.

Most of the ox ide grains were chro mites with one Cr-
spinel  in  sam ple  SUV05314,  and one hercyni te
((Fe,Mg)Al2O4) in sam ple TFE05-3. In ter est ingly, sam ple
SUV05314 chro mite is in ter preted to rep re sent a Ter tiary
flu vial out lier, largely com posed of quartz ite er rat ics of
montane prov e nance. None of the ox ide grains iden ti fied
fall within the di a mond inter growth or in clu sion fields of
Fipke et al. (1995).

Of four il men ite grains iden ti fied, only three were Mg-
ilmenites (sam ples SUV05329, TFE05-3, TFE05-8), con -
tain ing be tween 5.84 to 12.08 wt.% MgO and be tween 0.78
to 2.22 wt.% Cr2O3 .  These grains plot within the
compositional range of kim ber litic megacryst ilmenite.

No fresh ol iv ine grains were found in any of the sam -
ples. Ol iv ine eas ily suc cumbs to al ter ation when it is ex -
posed to chem i cal weath er ing for a long pe riod of time, and
thus does not travel well in gla cial or flu vial sed i ments
(Ehlers and Blatt, 1982). Gar net, Cr-di op side and spinel
com po si tions in di cate that gar net and spinel-peridotite,
spe cif i cally lherzolite and wehrlite, xe no liths were sam -
pled by the kimberlite(s) that have been eroded and de pos -
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Fig ure 2. Kimberlite in di ca tor min eral (KIM), con firmed by elec tron microprobe, and sphalerite and ga lena con cen tra tions from heavy min -
eral sep a rates of bulk (ap prox i mately 26 kg) gla cial sed i ment sam ples, north east BC. All peridotitic gar nets are clas si fied as G9 gar nets, un -
less oth er wise in di cated.
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Sample no.

Easting 

(NAD83)

Northing 

(NAD83)

Peridotitic 

garnet

Eclogitic 

garnet (G3)

Cr-

diopside Olivine Chromite

Mg-

ilmenite Total

094I051003 647349 6536003 10.6 806.1 0 1 0 0 3 (3) 0 4

094I051005 643192 6529531 11.1 927.4 1 0 0 0 1 0 2

094I051006 636540 6533138 14.5 1575 2 (G9,G12) 0 1 1 (1) 5 2 (1) 11

094I051009 610799 6540231 9.8 906.9 1 (G11) 0 1 0 0 0 2

094I051011 611309 6537325 1.7 931.1 0 0 0 0 2 0 2

094I051013 591243 6536148 7.9 863.9 0 0 2 0 1 0 3

094I051015 580239 6525552 10.9 1514.9 4 (1) 0 0 0 1 0 5

094I051016 565271 6536580 9.3 1093.2 0 0 0 0 1 0 1

094I051017 654556 6543119 9.1 892.6 1 0 1 0 0 0 2

094P051006 569388 6559214 11.2 826.6 0 0 0 0 0 0 0

094P051007 564922 6553818 6.9 606.3 0 0 1 0 1 1 3

094P051008 564431 6553144 10.5 1199.8 2 0 1 0 2 1 (1) 6

094P051009 570215 6554817 11.0 1024.8 1 0 0 0 0 0 1

094P051010 576618 6559853 8.0 1143.2 0 0 0 0 0 0 0

094P051011 575049 6555203 10.9 1367.9 1 0 1 0 2 1 5

094P051012 564125 6542029 8.7 1174.3 0 0 0 0 1 (1) 1 (1) 2

094P051013 561033 6566895 13.1 1361.2 0 0 0 0 0 0 0

094P051014 565041 6571435 11.9 1780.2 1 (1) 0 0 0 1 0 2

094P051015 560027 6593946 15.0 1713 1 0 0 0 2 0 3

094P051016 571624 6598150 8.5 1251.4 2 0 1 0 1 1 5

094P051020 599561 6555248 10.1 1049.7 0 0 0 0 0 1 (1) 1

094P051022 598889 6545501 11.9 1361.7 1 1 0 1 (1) 0 0 3

094P051023 589594 6591531 11.4 1496.2 1 (G11) 0 2 0 1 0 4

094P051024 584389 6605039 8.9 1232.2 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 5

094P051025 594628 6606255 14.7 1578.6 0 0 2 0 3 (2) 2 7

094P051026 602210 6602842 9.1 1028.2 0 0 2 0 0 1 (1) 3

094P051027 603688 6608825 15.4 1221.5 0 0 1 0 0 0 1

094P051028 615566 6600765 13.7 1703.7 1 0 1 0 0 0 2

094P051030 582156 6604214 10.4 895.4 1 (G11) 0 0 0 0 0 1

094P051031 622976 6601386 9.1 1239 0 0 0 0 3 (1) 0 3

094P051032 633158 6597549 8.7 1163 0 0 0 0 5 (2) 4 (3) 9

094P051034 646292 6584199 12.6 1667.8 0 0 0 1 0 0 1

094P051035 661007 6572141 10.3 1199.7 0 0 1 0 0 0 1

094P051037 652374 6563796 8.4 620.9 0 0 0 0 0 0 0

094P051038 661394 6554199 9.4 1176.9 0 0 2 0 4 (2) 1 (1) 7

094P051039 616867 6550299 10.9 1161.7 2 0 0 0 0 0 2

<2.0 mm table 

concentrate (g)

Sample 

weight 

(kg)

Kimberlite indicator minerals (confirmed by probe analysis)

TABLE 2. BULK STREAM SEDIMENT SAMPLE LOCATIONS AND KIMBERLITE INDICATOR MINERAL DATA. PERIDOTITIC GARNET IS LHERZOLITIC
(G9), UNLESS OTHERWISE INDICATED. NUMBERS IN BRACKETS INDICATE GRAINS IN THE 0.5 TO 1.0 MM FRACTION. ONE GRAIN, AN OLIVINE

AT SITE 094P051034, IS IN THE 1.0 TO 2.0 MM FRACTION. ALL OTHER GRAINS ARE IN THE 0.25 TO 0.5 MM FRACTION.



ited in as so ci a tion with the re -
g iona l  g la  c ia l  sed  i  ment
sam ples. How ever, no grains
from di a mond-bear ing as -
sem blages such as eclogite or
subcalcic harzburgite were
found.

KIM in stream sed i ments 
were vi su ally iden ti fied from
the heavy min eral con cen -
trates of 34 out of 36 sam ples
col lected around the mar gins
of the Etsho Pla teau. Iden ti -
fied KIM in clude peridotitic
gar net, eclogitic gar net, Cr-
di op side, ol iv ine, chro mite
and Mg-il men ite (Ta ble 2).
Note that re sults are not nor -
mal ized to a stan dard heavy
min eral con cen trate weight.
To tal abun dance of con -
firmed KIM var ies from one
grain (seven sites) to eleven
grains.

The dis tri bu tion of KIM,
iden ti fied as such by elec tron
microprobe, are shown in
Fig ure 3. Us ing the clas si fi ca -
tion scheme of Grütter et al.
(2004), three gar nets were
clas si fied as eclogitic (G3)
gar nets. Eclogitic gar nets are
ex tremely im por tant path -
finder min er als in di a mond
ex plo ra tion (Grütter, 2004).
A fur ther 19 were clas si fied
as Cr-pyrope gar nets de rived
from lherzolite (G9 gar nets).

BASE METAL
POTENTIAL: GEOCHEMISTRY AND
INDICATOR MINERALS FROM GLACIAL
SEDIMENTS

A sum mary of the geo chem i cal re sults for se lected el e -
ments in the <0.063 mm frac tion of gla cial sed i ments is pre -
sented in Ta ble 3. No lo cal ized anom a lous dis tri bu tion or

con cen tra tion of any one, or com bined suite of el e ments
was de tected in a pre lim i nary ex am i na tion of the re sults.
How ever, the Zn and Pb geo chem i cal maps sug gest rel a -
tively mod er ate el e vated con cen tra tions over the Etsho Pla -
teau, fall ing off to the west in the di rec tion of ice flow (Fig
4). In the re gion of the afore men tioned sphalerite dis persal
train in Al berta, 180 km east of the Etsho Pla teau, Zn con -
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Fig ure 3. Kimberlite in di ca tor min eral re sults, con firmed by elec tron microprobe, from bulk (10–15 kg)
stream sed i ment sam ples, north east BC. All peridotitic gar nets are clas si fied as G9 gar nets, un less
oth er wise in di cated.

TABLE 3. SUMMARY OF GEOCHEMICAL DATA FOR SELECTED PRECIOUS AND BASE METALS, IN THE SILT AND CLAY-SIZED
FRACTION (–250 MESH, <0.063 MM) OF GLACIAL SEDIMENT SAMPLES, NORTHEAST BC. MEASURED BY INDUCTIVELY

COUPLED PLASMA MASS SPECTROMETRY AND EMISSION SPECTROSCOPY (ICP-MS AND ES) WITH AQUA REGIA
DIGESTION. DISTRIBUTION OF SAMPLES IS SHOWN IN FIGURE 2.

Ag Cu Mo Ni Pb S U Zn As Au Ba Co Fe Sb U

(ppb) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppb) (ppm) (ppm) (%) (ppm) (ppm)

No. of samples 142 142 142 142 142 142 142 142 139 139 139 139 139 139 139

Minimum 26.0 6.1 0.12 9.5 5.5 <0.01 0.3 23.1 2.0 -2 250 3.0 0.8 -0.1 0.9

Maximum 1315.0 170.8 12.30 205.8 197.1 1.42 6.2 355.5 27.8 16 4090 28.0 4.5 2.5 9.2

Median 217.5 29.3 2.49 31.6 14.2 0.03 1.9 112.1 12.9 -2 740 11.0 3.0 1.0 4.1

75 percentile 250.8 31.6 3.53 35.3 15.8 0.15 2.4 120.8 14.7 -2 820 12.0 3.3 1.3 4.7

90 percentile 282.8 34.7 4.91 40.8 18.3 0.66 2.8 132.5 16.4 6 1042 14.2 3.5 1.6 5.1

95 percentile 341.9 37.3 5.65 44.5 19.4 0.76 3.1 145.3 17.5 8 1142 16.1 3.6 1.7 5.8

ICP-ES and MS with aqua regia digestion INAA

Abbreviations: ICP-ES and MS, inductively coupled plasma emission spectroscopy and mass spectrometry; INAA, instrumental neutron activation analysis



cen tra tions in the silt and clay-sized frac tion of gla cial sed i -
ments were also not high, rang ing from 169 to 231 ppm
(Plouffe et al., 2006a). Sim i larly, even with the pres ence of
trace amounts of ga lena in the same region, lead
concentrations were low, varying from 17 to 25 ppm.

Sim i lar Pb and Zn con cen tra tions were ob served in the
gla cial sed i ment sam ples from the Etsho Pla teau.
Sphalerite grains, how ever, were found in one flu vial and
two till sed i ment sam ples (03SUV2339, till, 120 grains;
VLE05-01, flu vial, 42 grains; TDE05-18, till, 2 grains) and
one till sam ple yielded a ga lena grain (03SUV2339). None
of these sam ples have yielded anom a lous Zn or Pb con cen -
tra tions. These re sults sug gest that base metal min er al iza -
tion might be pres ent in north east BC and that heavy min -
eral con cen trates re cov ered from the sand-sized frac tion of
gla cial sed i ments are more ef fec tive than geo chem i cal
anal y sis of the fine frac tion (–250 mesh, <0.063 mm) to de -
tect con cealed min er al iza tion. The ef fec tive ness of the geo -
chem i cal anal y sis of the sand-sized fraction at detecting
mineralization remains to be tested.

STREAM SEDIMENT GEOCHEMISTRY

The rel a tive mo bil ity of el e ments in sur face en vi ron -
ments is af fected by cli mate and phys i og ra phy, as well as
bi o log i cal, anthropogenic and geo log i cal fac tors (Plant and 
Raiswell, 1994). Stream sed i ment and wa ter sur veys were
car ried out from 2001 to 2004 (Friske et al., 2003;

McCurdy et al., 2006) in an area east of the sur vey area, in
the Buf falo Head Hills of north west Al berta. A use ful com -
par i son can be made be tween data from the Buf falo Head
Hills sur vey and the pres ent sur vey around the per im e ter of
the Etsho Pla teau. The two ar eas are sim i lar in na ture, with
sim i lar ge ol ogy, gla cial his tory, phys i og ra phy, veg e ta tion
and surficial ge ol ogy. Ta ble 4 com pares mean and me dian
con cen tra tions in the silt frac tion for se lected met als from
the two datasets. Gen er ally, val ues are sim i lar. Me dian and
mean val ues of Ag in Buf falo Head Hills stream sed i ments
are lower than com pa ra ble val ues around the Etsho Pla teau
and may be af fected by slightly more al ka line streamwater
in the Buf falo Head Hills. The av er age pH of streams drain -
ing the Buf falo Head Hills is 7.65 (Friske et al., 2003;
McCurdy et al., 2006), whereas the av er age pH of streams
drain ing the Etsho Pla teau is 7.19. The geo chem i cal mo bil -
ity of Ag is re duced in neu tral to al ka line wa ters (Plant and
Raiswell, 1994). Be cause the main pur pose of the stream
sed i ment sur vey was to es tab lish the po ten tial for di a mond-
bear ing rock in north east BC, sam ples were mainly taken
from sec ond and third-or der streams, from which el e men tal 
con cen tra tions of most el e ments would be ex pected to be
di luted from in put from large ar eas of drain age bas ins.
How ever, geo chem is try of the silt does sug gest mod er ate
po ten tial for fol low-up work in three ar eas, west of Shekilie 
River, Courvoisier Creek and Tsea River. West of the
Shekilie River a num ber of sites con tain el e vated con cen -
tra tions of Zn and Pb (Fig 5a, b). In this area, Ag, Cd,
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Fig ure 4. Lead (Pb) and zinc (Zn) con cen tra tions in the silt and clay-sized frac tion (–250 mesh, <0.063 mm), as mea sured by in -
duc tively cou pled plasma mass spec trom e try (ICP-MS) with aqua regia di ges tion, north east BC.



Co±As and Sb are also el e vated relative to the whole
dataset. Similar patterns of distribution are noted in the
drainage basins of Courvoisier Creek and the Tsea River
(Fig 5a, b).

In ad di tion to the silt sam ples, geo chem i cal anal y ses
were con ducted on the heavy min eral con cen trates of the
<0.25 mm frac tion. The geo chem i cal re sults for the heavy 
min eral con cen trates are pre sented us ing a de scrip tive
ter mi nol ogy de fined as fol lows: the me dian value for a
given el e ment is con sid ered as back ground and anom a lies 
are con sid ered weak (2–3 times the me dian value), mod -
er ate (3.1–5 times the me dian value), strong (5.1–10
times the me dian value) or very strong (>10 times the
median value).

Me dian val ues for se lected el e ments are sim i lar in the 
Buf falo Head Hills and the Etsho Pla teau ex cept for Zn
and Pb; both ex hibit higher me dian and mean val ues over
the Etsho Pla teau com pared to the Buf falo Head Hills (Ta -
ble 5). In ad di tion, the Ag me dian value is more el e vated
over the Etsho Pla teau in com par i son to the Buffalo Head
Hills.

Zinc val ues are el e vated gen er ally around the north -
west mar gins of the Etsho Pla teau (Fig 6a). Through out
the drain age ba sin of the Tsea River, Zn val ues are anom a -
lous, with a strongly anom a lous value of 1295 ppm (ap -
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Element 

(analysis)

Mean Median Mean Median
Ag (ICP-MS) 117 ppb 104 ppb 84 ppb 77 ppb
As (INAA) 8.7 8.7 10.9 10
Ba (INAA) 720 710 878 810
Co (INAA) 10 10 10 9
Cu (ICP-MS) 12.6 11.08 12.18 10.52
Fe (INAA) 2.90% 2.80% 3.00% 2.80%
Hg (ICP-MS) 38 ppb 34 ppb 47 ppb 39 ppb
Mn (ICP-MS) 431 331 718 440
Mo (ICP-MS) 1.51 1.26 0.99 0.67
Ni (ICP-MS) 17.3 15.8 16.7 14.7
Pb (ICP-MS) 8.38 8.23 8.29 7.81
Sb (INAA) 0.6 0.6 0.7 0.6
U (INAA) 4.1 3.6 3.2 3
Zn (ICP-MS) 80 76.6 61.9 57.6

Etsho Plateau 

(n=49)

Buffalo Head Hills 

(n=470)

Abbreviations: ICP-MS, inductively coupled plasma mass 

spectrometry; INAA, instrumental neutron activation analysis

TABLE 4. COMPARISON OF MEAN AND MEDIAN VALUES
OF SELECTED ELEMENTS IN STREAM SEDIMENT (SILT)

FROM THE ETSHO PLATEAU, NORTHEAST BC AND
BUFFALO HEAD HILLS, NORTH-CENTRAL ALBERTA
(FRISKE ET AL., 2003; MCCURDY ET AL., 2006). ALL
VALUES ARE PPM UNLESS OTHERWISE INDICATED.

Fig ure 5a. Zinc con cen tra tions in stream silts (<177 µm), de ter mined by in duc tively cou pled plasma
mass spec trom e try (ICP-MS) with aqua regia di ges tion, north east BC.



prox i mately seven times the me dian value of 182 ppm) on
the up per reaches of the Tsea River (092P051016). Zinc
val ues are also el e vated south of Kotcho Lake. Both Ag and 
Pb (Fig 6b) ex hibit sim i lar pat terns of dis tri bu tion, sug gest -
ing the pos si bil ity of prox im ity to a num ber of dif fer ent
sedimentary-hosted min er al iza tion types. In ad di tion,
sphalerite grains were iden ti fied vi su ally and con firmed by
scan ning elec tron mi cro scope in sam ples from the Tsea
River drain age ba sin. Bar ium values are relatively high
throughout the survey area.

CONCLUSIONS

KIM have been re cov ered from gla cial (mostly glacio-
flu vial sand and gravel) and stream sed i ments from the
Etsho Pla teau of north east BC. The dis tri bu tion of KIM in
both sam ple me dia does not sug gest a spe cific source re -
gion over the Etsho Pla teau. There fore, it is still un clear if
the KIM are lo cally de rived from con cealed kimberlite(s)
or rep re sent ma te rial from the east and north east that has
been gla cially trans ported long dis tances and re worked by
fluvial processes.

The po ten tial for Pb-Zn-Ag min er al iza tion might be
pres ent in the Etsho Pla teau re gion given the el e vated con -
cen tra tion of these met als in the heavy min eral con cen trates 
of stream sed i ments and the pres ence of sphalerite grains in
two till sam ples from this region.
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Fig ure 5b. Lead con cen tra tions in stream silts (<177 µm), de ter mined by in duc tively cou pled
plasma mass spec trom e try (ICP-MS) with aqua regia di ges tion, north east BC.

TABLE 5. COMPARISON OF MEAN AND MEDIAN VALUES OF
SELECTED ELEMENTS IN THE <0.25 MM FRACTION OF
HEAVY MINERAL CONCENTRATES FROM THE ETSHO

PLATEAU, NORTHEAST BC AND BUFFALO HEAD HILLS,
NORTH-CENTRAL ALBERTA (FRISKE ET AL., 2003;

MCCURDY ET AL., 2006). ALL VALUES ARE PPM UNLESS
OTHERWISE INDICATED.

Element 

(analysis)

Mean Median Mean Median
Ag (ICP-MS) 176 ppb 103 ppb 271 ppb 76 ppb
As (INAA) 18.5 23.8 34.4 17
Ba (INAA) 14293 13750 21601 18250
Co (INAA) 38 38 36 35
Cu (ICP-MS) 19.25 14.83 16.8 9.73
Fe (INAA) 27.30% 27.30% 24.70% 25.00%
Hg (ICP-MS) 57 ppb 36 ppb 155 ppb 42 ppb
Mn (ICP-MS) 989 935 1389 1239
Mo (ICP-MS) 3.22 2.4 3.52 1.71
Ni (ICP-MS) 13.2 10.1 17.6 9.6
Pb (ICP-MS) 36.09 37.35 27.13 26.2
Sb (INAA) 1.9 1.8 1.8 1.2
U (INAA) 24.6 25.8 21 21
Zn (ICP-MS) 351.2 182.4 124.8 63.3

Etsho Plateau 

(n=36)

Buffalo Head Hills 

(n=267)

Abbreviations: ICP-MS, inductively coupled plasma mass 

spectrometry; INAA, instrumental neutron activation analysis
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Fig ure 6a. Zinc (Zn) con cen tra tions in the <0.25 mm frac tion of heavy min eral con -
cen trates (HMC), de ter mined by in duc tively cou pled plasma mass spec trom e try
(ICP-MS) with aqua regia di ges tion, north east BC.

Fig ure 6b. Lead (Pb) con cen tra tions in the <0.25 mm frac tion of heavy min eral con -
cen trates (HMC), de ter mined by in duc tively cou pled plasma mass spec trom e try
(ICP-MS) with aqua regia di ges tion, north east BC.
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