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Foreword

Geoscience BC Overview

Geoscience BC (GBC) is a unique, in dus try-led, in dus try-
fo cused, not-for-profit geoscience or ga ni za tion. Since its
in cep tion in April 2005 with a start-up grant from the Pro -
vin cial Gov ern ment of Brit ish Co lum bia, GBC has pur sued 
its man date of at tract ing new ex plo ra tion in vest ment to
Brit ish Co lum bia through a com bi na tion of GBC-led ini tia -
tives and fund ing of part ner ship pro jects. The ma jor ity of
GBC’s part ner ship pro jects are iden ti fied through an an -
nual Re quest for Pro pos als (RFP) pro cess. Geoscience
BC–led geo phys i cal and geo chem i cal sur veys have been
de vel oped by GBC staff and the Pro ject Team, and un der -
taken by means of con tracts awarded through a call for bids, 
or sole-sourced where specific technical expertise was
required.

Geoscience BC ob tains in dus try in put into pro ject plan ning 
through our Pro ject Team of highly re spected con sul tants
and our Tech ni cal Ad vi sory Com mit tee of ded i cated in dus -
try vol un teers and gov ern ment geoscientists, who ad vise
GBC’s Board on pro ject pri or i ties and re view pro pos als re -
ceived in response to the RFPs.

To date, GBC has sup ported 35 part ner ship pro jects with an 
in vest ment of $5.8 mil lion, which has been matched by al -
most $5.4 mil lion in part ners’ funds. These pro jects in clude 
min eral de posit stud ies and map ping pro jects, geo chem i cal 
stud ies, ex am i na tions of Chil cotin ba salt cover in in te rior
BC, de vel op ment of a phys i cal rock prop er ties da ta base,
and nu mer ous oil and gas–re lated projects in the
intermontane basins.

Geoscience BC is com mit ted to the de vel op ment of the next 
gen er a tion of ex plo ra tion geoscientists. GBC’s con tri bu -
tions to part ner ship pro jects based at ac a demic in sti tu tions
ex ceed $1.6 mil lion to date. All of these pro jects have in -
volved train ing and ed u ca tion op por tu ni ties for grad u ate
and/or un der grad u ate stu dents. Many of GBC’s part ner ship 
pro jects with gov ern ment also in clude train ing for
geoscience stu dents. In 2007, GBC awarded ten $5000
schol ar ships to geoscience grad u ate stu dents across Can -
ada and in Aus tra lia, who are work ing on exploration-
related geoscience research projects in BC.

Geoscience BC has also sup ported ex ten sive ad di tions to
the Prov ince of Brit ish Co lum bia’s geo log i cal, geo chem i -
cal and geo phys i cal da ta bases (see list ing be low of data and 
re ports re leased in 2007). Fig ures 1 and 2 il lus trate the lo ca -
tions of GBC-sup ported geo chem i cal and geophysical
surveys.

Geoscience BC’s QUEST Pro ject, ini ti ated in June 2007
and part nered with the North ern De vel op ment Ini tia tive

Trust, rep re sents an ad di tional $5 mil lion in vest ment in
new min er als-re lated geoscience data (see be low and pa -
pers in this volume).

Geoscience BC Summary of Activities 2007

Geoscience BC is pleased to pres ent the re sults of 2007
geoscience stud ies and sur veys in this first edi tion of the
Geoscience BC Sum mary of Ac tiv i ties. The vol ume is di -
vided into three sec tions and con tains a to tal of six teen ar ti -
cles, pre pared by in dus try con sul tants and con trac tors, uni -
ver sity-based re search ers and government geoscientists.

QUEST

The first sec tion of the vol ume con tains two brief over view
pa pers on the geo phys i cal and geo chem i cal sur veys un der -
way as part of Geoscience BC’s QUEST (QUesnellia Ex -
plo ra tion STrat egy) Pro ject in cen tral BC. The QUEST
Pro ject is a $5 mil lion pro gram of new geoscience data col -
lec tion and com pi la tion de signed to stim u late ex plo ra tion
in ter est and in vest ment in BC’s in te rior, spe cif i cally in the
highly pro spec tive Quesnel Terrane, where the bedrock is
obscured by glacial cover.

Barnett and Kowalczyk (from BW Min ing and PK Geo -
phys ics, re spec tively), mem bers of GBC’s Pro ject Team,
out line the sur vey de sign for the QUEST air borne geo phys -
i cal sur veys. They in clude an over view of ex ist ing pub licly
avail able re gional geo phys i cal datasets (air borne mag netic
and ground grav ity) from the Geoscience Data Re pos i tory
at Nat u ral Re sources Can ada, and an out line of the ra tio -
nale for new air borne elec tro mag netic (EM) and air borne
grav ity geo phys i cal sur veys for the pro ject area. In ad di -
tion, they in clude a pre lim i nary per spec tive view of stacked 
sec tions from a small area of the EM sur vey, il lus trat ing
some of the possible bedrock features observed in the data.

Jackaman and Balfour (the for mer from No ble Ex plo ra tion
Ser vices and a mem ber of GBC’s Pro ject Team, the lat ter a
pri vate con sul tant based in Cranbrook) pro vide a sum mary
of the QUEST geo chem i cal pro gram, which cov ers an area
of more than 95 000 km2. The pro gram in cludes a new re -
con nais sance Re gional Geo chem i cal Sur vey of NTS sheet
093O (a 10 500 km2 area), infill lake sed i ment sam pling
over an area of 19 000 km2 from north of Quesnel to Mount
Milligan, and reanalysis of al most 4500 stream and al most
500 lake sed i ment pulps from gov ern ment ar chives of re -
gional geo chem i cal sam ples stored in Ot tawa (by the Geo -
log i cal Sur vey of Can ada) and Victoria (by the BC
Geological Survey).
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Mineral Projects

The sec ond sec tion of the vol ume con tains nine pa pers on
min eral ex plo ra tion–re lated geoscience pro jects sup ported
by Geoscience BC.

An drews and Rus sell, from the Uni ver sity of Brit ish Co -
lum bia (UBC), pro vide an up date on their in ves ti ga tions of
cover thick nesses across the South ern In te rior Pla teau.
They sum ma rize their work to date on the Chil cotin Group
bas alts, and in for ma tion from the pro vin cial wa ter well da -
ta base, to help con strain the thick ness of both Qua ter nary
drift and basalt cover in the interior.

Blevings et al., also from UBC, sum ma rize their work on
un der stand ing the con trols on cop per and gold min er al iza -
tion along the con tacts be tween the north east ern Coast Belt

and the Coast Plutonic Com plex in the Taseko Lakes re -
gion. Their pa per in cludes short sum ma ries of pre vi ous
pro ject work; new de scrip tions of sev eral im por tant min -
eral oc cur rences in the study area; and out line plans for ad -
di tional work to con strain the pres sure, tem per a ture and
age of the min er al iza tion and de velop a met al lo gen ic model 
for the re gion. This work forms part of an M.Sc. thesis by
the first author.

Fecova et al., from Si mon Fra ser Uni ver sity (SFU) and
UBC, pro vide a sum mary of new geo log i cal map ping in the 
Nootka Sound area and their stud ies of new mafic-ultra -
mafic lay ered in tru sions iden ti fied dur ing the course of
their map ping and min eral de posit in ves ti ga tions in the
area. This work, be ing com pleted as part of an M.Sc. the sis
by the first au thor, has gen er ated con sid er able new in dus try 
in ter est in this area of Vancouver Island.
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Hart et al., from the Uni ver sity of West ern Aus tra lia, with
col leagues from the United States Geo log i cal Sur vey and
UBC, pro vide crit i cal new geo chron ol ogi cal in for ma tion
for the Bralorne-Pi o neer camp in the Bridge River min ing
dis trict of south west ern BC. Their in ves ti ga tions of the tim -
ing of gold in tro duc tion and re la tion ships to other min er al -
iz ing and in tru sive events in the area have im por tant im pli -
ca tions for our un der stand ing of the metallogeny of the
region.

Hollis et al., from UBC, are also un der tak ing min eral de -
posit stud ies in the Taseko Lakes area (see Blevings et al.),
ex am in ing the por phy ritic in tru sions and re lated cop per
show ings in the re gion. This pro ject, be ing un der taken as
an M.Sc. by the first au thor, aims to de velop a geo log i cal
frame work for the for ma tion of the show ings and their re la -
tion ship to mod els of porphyry deposit formation.

Kilby and Kilby con tinue to pro vide lead ing-edge pub lic
ac cess and anal y sis tools for re mote-sens ing im ag ery as ap -
plied to min eral ex plo ra tion in BC. Their pa per pres ents a
sum mary of the Hyperspectral Dem on stra tion Pro ject, un -
der taken on be half of Geoscience BC in 2007 to pro vide
sam ples of air borne hyperspectral im ages over eight ex plo -
ra tion and min ing sites in BC. The new im ag ery will be
made avail able through the MapPlace website of the BC
Min is try of En ergy, Mines and Pe tro leum Re sources
(MEMPR). The new im ag ery will be in cor po rated into the
Im age Anal y sis Tool box and can be uti lized with the
Landsat, ASTER and other datasets on MapPlace.

Ruks and Mortensen, from UBC, have un der taken an in ten -
sive ex am i na tion of the geo log i cal set ting of volcanogenic
mas sive sul phide (VMS) oc cur rences and their re la tion ship 
to exhalitive iron for ma tion in the Sicker Group of the Port
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Alberni area on south ern Van cou ver Is land. They re port
two new sul phide oc cur rences iden ti fied dur ing the course
of their map ping, and the im pli ca tions of their map ping
work for VMS ex plo ra tion in the area. The first au thor is
pursuing Ph.D. studies at UBC.

Smith et al., from Uni ver sity of Ne vada–Reno (UNR), and
col leagues at Adanac Mo lyb de num Cor po ra tion are ex am -
in ing the po ten tial link ages be tween gold-de pleted por -
phyry mo lyb de num de pos its and ‘in tru sion-hosted’ gold
de pos its. Their stud ies are fo cused on the Adanac Mo lyb -
de num prop erty in the Atlin area. The pa per pres ents de -
tailed rock de scrip tions and whole-rock and trace-el e ment
geo chem is try of a rep re sen ta tive sam ple suite from the
Adanac de posit, and rep re sents part of the first author’s
graduate work at UNR.

Tosdal et al., from the Min eral De pos its Re search Unit
(MDRU) at UBC, and col leagues from the Cen tre for Ex -
cel lence in Ore De pos its Re search (CODES) at the Uni ver -
sity of Tas ma nia and from in dus try re port on a com po nent
of the CODES-MDRU Alkalic Por phyry Pro ject. This pa -
per sum ma rizes the hy dro ther mal brec cias ob served in ore
zones of the sil ica-undersaturated al kali cop per-gold por -
phyry min er al iza tion at Mount Polley, be tween Wil liams
Lake and Quesnel in the Quesnel Terrane. This pro ject in -
cludes con tri bu tions from nu mer ous grad u ate stu dents, in -
clud ing the sec ond au thor, who is un der tak ing an M.Sc. at
MDRU, and the third author, who is pursuing a Ph.D. at
CODES.

Oil and Gas Projects

The third sec tion of this vol ume com prises five pa pers sum -
ma riz ing Geoscience BC–sup ported con tri bu tions to oil
and gas ex plo ra tion geoscience pro jects in BC.

Cassidy et al., from the Geo log i cal Sur vey of Can ada
(GSC) and the Uni ver sity of Vic to ria (UVic), are un der tak -
ing a pas sive seis mic study of the Nechako Ba sin to help as -
sess the hy dro car bon and min eral po ten tial of the ba sin and
de velop a better un der stand ing of the crustal ar chi tec ture in
this re gion. Seven seis mic sta tions were de ployed in 2006,
and re sults will com ple ment planned ac tive-source seis mic
and magnetotelluric stud ies planned and un der way in the
area. This re search is be ing un der taken as part of an M.Sc.
thesis by the third author.

Gagnon and Waldron, from the Uni ver sity of Al berta, are
con tin u ing their in ves ti ga tions of the evo lu tion of the Bow -
ser Ba sin in north west ern BC. They are con cen trat ing on
pro vid ing new de tailed strati graphic ob ser va tions of the
Hazelton Group–Bow ser Lake Group tran si tion, ex hib ited
in a con tin u ous ex po sure across the Ashman Ridge sec tion,
lo cated ap prox i mately 40 km west of Smithers. Their aim is 
to de velop a clearer un der stand ing of this strati graphic
tran si tion, which has im pli ca tions for both min eral and hy -

dro car bon ex plo ra tion. The first author is presently
pursuing Ph.D. studies.

Hay ward and Calvert, from SFU, have re-eval u ated the
stra tig ra phy and struc ture of the south east ern Nechako Ba -
sin from a re in ter pre ta tion of the Ca na dian Hunter 1980s
seis mic re flec tion pro files, in clud ing tomographic ve loc ity
mod el ling. They are in te grat ing the seis mic in ter pre ta tions
with rel e vant geo log i cal and geo phys i cal data, in clud ing
well logs, ge ol ogy and po ten tial-field data, to cre ate new,
more de tailed in ter pre ta tions of the ba sin. The re sults of
this work will pro vide key con straints on collection and
interpretation of new seismic data.

Mus tard et al., from SFU, the Uni ver sity of Wis con sin–Eau 
Claire (UWEC) and the GSC, re port on the sec ond year of
their study of the Jack ass Moun tain Group and its po ten tial
as a hy dro car bon res er voir sys tem in the Nechako Ba sin.
Their work aims to de velop a better un der stand ing of re -
gional fa cies pat terns and ba sin ar chi tec ture within the
Nechako Ba sin. Their pa per pres ents a sum mary of the
2007 field ob ser va tions and an over view of their re gional
sam pling pro gram and fu ture work. This pro ject is sup port -
ing M.Sc. the ses by the third and fourth au thors at SFU, and
a B.Sc. project next year at UWEC.

Spratt et al., from Geoscience BC, GSC and MEMPR, have
re-ex am ined 20-year old magnetotelluric (MT) data from
within the Nechako Ba sin and ini ti ated new MT data col -
lec tion in the south-cen tral part of the ba sin. Their work in -
di cates that the MT method may be an im por tant tool for un -
der stand ing shal low struc tures and map ping the bound aries 
of the ba sin and struc tures within the ba sin. The 2007 sur -
vey has col lected both audiomagnetotelluric (AMT) and
broad band magnetotelluric (BBMT) data from within the
Nechako Basin.

Geoscience BC Publications 2007

New Geoscience BC data sets and re ports re leased in 2007
in clude:

• twenty-three tech ni cal ar ti cles in the joint Geo log i cal
Field work 2006 vol ume, copublished with the BC Geo -
log i cal Survey;

• high-res o lu tion air borne mag netic data for the
Jennings River area (NTS 104O), funded by GBC and
man aged by and jointly re leased with Nat u ral Re -
sources Can ada (NRCan);

• airborne gamma-ray spec tro met ric and mag netic
data for the Bonaparte Lake area (parts of NTS 092P 
and 093A), re leased in part ner ship with NRCan’s Tar -
geted Geoscience Ini tia tive III, Candorado Op er at ing
Com pany Lim ited, Amarc Re sources Lim ited and
GWR Re sources Limited;

• ‘Skeena Arch Met al  lo  gen ic  Data and Map,
Compilation of NTS Map Sheets 093E, L, M; South
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Half of 094D, East Half of 103I and Southeast
Corner of 103P’ by D.G. Mac In tyre;

• ‘A Com par a tive As sess ment of Soil Geo chem i cal
Meth ods for De tect ing Bur ied Min eral De pos its –
3Ts Au-Ag Pros pect, Cen tral Brit ish Co lum bia’ by
S.J. Cook and C.E. Dunn;

• ‘Re gional Drain age Sed i ment and Wa ter Geo chem i -
cal Data, South Nechako Ba sin and Cariboo Ba sin,
Cen tral Brit ish Co lum bia (parts of NTS 092N, O, P,
093A and B)’, by W. Jackaman, which con tains new
lake sed i ment and wa ter data cov er ing more than
16 000 km2 of pre vi ously unsurveyed ground in central
BC;

• ‘Geoscience BC Moun tain Pine Bee tle Data Re pos i -
tory Ver sion 1.0’ by W. Jackaman, which com piles
pub licly avail able mul ti me dia re gional geo chem i cal in -
for ma tion for the core of the Moun tain Pine Bee tle In -
fes ta tion Area of BC;

• ‘Halo gens in Sur face Ex plo ra tion Geo chem is try:
Eval u a tion and De vel op ment of Meth ods for De tect -
ing Bur ied Min eral De pos its’ by C.E. Dunn, S.J. Cook
and G.E.M. Hall; and

• four new 1:50 000 scale bed rock ge ol ogy maps, avail -
able from the Geo log i cal Sur vey of Can ada: ‘Ge ol ogy,

Tahtsa Peak (93 E/12), Brit ish Co lum bia’; ‘Ge ol ogy,
parts of Chikamin Moun tain and Troitsa Lake (93
E/06 and 11), Brit ish Co lum bia’; ‘Ge ol ogy, Tsaytis
River (93 E/05), Brit ish Co lum bia’; and ‘Ge ol ogy,
Kitlope Lake (east part) (93 E/04), Brit ish Co lum -
bia’; all by J.B. Mahoney, J.W. Haggart, R.L. Hooper,
L.S. Snyder, G.J. Woodsworth.
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Introduction

Geoscience BC’s QUEST Pro ject (QUesnellia Ex -
plo ra tion STrat egy) is de signed to stim u late min -
eral ex plo ra tion in the drift-cov ered sec tion of the
Quesnellia Terrane be tween Wil liams Lake and
Mac ken zie, Brit ish Co lum bia. This is a belt of
highly pro spec tive rocks that to date has had lit tle
ex plo ra tion be cause of the till and lac us trine cover
left by re treat ing gla ciers (Lo gan et al., 2007).

At the north ern and south ern ends of the QUEST
Pro ject area, the Qua ter nary cover is thin ner, and
sev eral im por tant de pos its have been dis cov ered.
At the south ern end are the Gi bral tar por phyry cop -
per and the Mt. Polley por phyry cop per-gold de -
pos its, and at the north ern end is the Mt. Milligan
cop per-gold por phyry de posit. A num ber of re cent
min eral dis cov er ies have also been made fur ther
north from Mt. Milligan. An ex ten sion to the orig i -
nal QUEST sur vey area has been funded by the
North ern De vel op ment Ini tia tive Trust, based in
Prince George, that will help stim u late fur ther ex -
plo ra tion to the north west.

Geoscience BC’s QUEST Pro ject will com pile
pub licly avail able top o graphic, wa ter shed,
surficial and bed rock ge ol ogy, geo phys i cal, geo -
chem i cal, min eral de posit and road ac cess data for an area
of ap prox i mately 150 000 km2, cen tred on Prince George
(Fig ure 1). Geoscience BC is also col lect ing ap prox i mately 
2 100 new lake and sed i ment sam ples to in crease the den -
sity of geo chem i cal sam pling north and west of Prince
George (Jackaman and Balfour, 2008). In ad di tion, new air -
borne grav ity and elec tro mag netic sur veys are be ing flown

to help map the bed rock ge ol ogy un der the gla cial drift and
to pro vide a framework for further exploration in this area.

Surficial Geology and Regional Geophysics

Fig ure 2 shows the sur face ge ol ogy of the QUEST Pro ject
area, based on the 1:1 000 000 geo log i cal map pub lished by
the BC Geo log i cal Sur vey (Massey et al., 2005). It can be
seen that large ar eas of this map are pale yel low, which rep -
re sents the Qua ter nary cover. Un til re cently it was thought
that the thick ness of the gla cial over bur den would make the
ex ploi ta tion of any new dis cov ery un eco nomic. Re view of
wa ter well data and ob ser va tions made dur ing re cent geo -
log i cal map ping sug gests that the Qua ter nary cover may
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This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Fig ure 1. Lo ca tion of the QUEST Pro ject area, show ing the out line of new air -
borne grav ity and elec tro mag netic sur veys be ing con ducted in the QUEST
Pro ject. Note that any new de pos its found in this area will be close to ex ist ing
in fra struc ture.
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Fig ure 2. Surficial geo log i cal map of the QUEST Pro ject area, show ing the out line of the QUEST air borne grav ity and elec tro mag netic sur -
veys. The pale yel low ar eas rep re sent the Qua ter nary over bur den. Mt. Milligan is marked with an ‘M’, while Mt. Polley is marked with a ‘P’.
The smaller block to the north west out lines the ex ten sion to the orig i nal QUEST geo phys i cal sur vey area that was funded by a grant from
the North ern De vel op ment Ini tia tive Trust.
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Fig ure 3. Re duced-to-pole mag netic im age of the QUEST Pro ject area, show ing the out line of the QUEST air borne grav ity and elec tro mag -
netic sur veys. The grid in ter val for these data is about 250 m.
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Fig ure 4. Iso static re sid ual grav ity im age of the QUEST Pro ject area, show ing the out line of the QUEST air borne grav ity and elec tro mag -
netic sur veys. The grid in ter val for these data is about 2 500 m.



not be as thick as pre vi ously as sumed over much of the area
(Andrews and Rus sell, 2008).

Fig ures 3 and 4 show the ex ist ing aero mag net ic and grav ity
datasets for the QUEST Pro ject area that are avail able from
Nat u ral Re source Can ada's Geoscience Data Re pos i tory
(http://www.gdr.nrcan.gc.ca/). The ma jor ity of the mag -
netic sur veys were flown on east-west flight lines at a line
spac ing of 805 m, which per mits the data to be gridded at an
in ter val of 250 m. The grav ity read ings were col lected at an
av er age sta tion spac ing of 10 km, which per mits the data to
be gridded only at a rel a tively coarse in ter val of 2 500 m.
None the less, both these datasets con tain use ful in for ma -
tion. It can be seen, for ex am ple, that Mt. Polley (P) and Mt.
Milligan (M) are spa tially as so ci ated with mag netic and
grav ity highs, which are re lated to the Late Tri as sic and
Early Ju ras sic alkalic in tru sions that host these de pos its.

New Airborne Geophysical Surveys

Al though the ex ist ing aero mag net ic dataset could cer tainly
be im proved by fly ing lower and more closely spaced lines,
it was felt that the ex ist ing data pro vide an ad e quate frame -
work for ex plo ra tion in this area. Geoscience BC's Pro ject
De vel op ment Team con cluded that a greater ad van tage
would be gained from an air borne grav ity sur vey to im -

prove the den sity of the ex ist ing ground sta tions, and an
air borne elec tro mag netic sur vey to map con duc tiv ity. In
com bi na tion, these data should com ple ment the ex ist ing
aero mag net ic dataset.

Fig ures 1 to 4 show the out line of the two new air borne sur -
veys, which were de signed to cover an area of ap prox i -
mately 46 000 km2 in one field sea son. The grav ity sur vey
will be flown at a line spac ing of 2 km to per mit gridding the 
data at 500 m, which should re sult in a five-fold im prove -
ment over the ex ist ing data. The elec tro mag netic sur vey
was flown at a line spac ing of 4 km. The two sur veys are be -
ing flown on match ing east-west lines with the hope of
map ping cross struc tures as well as the re gional trend of the
north west-trending ge ol ogy. Ev ery sec ond line will there -
fore con tain both detailed gravity and EM traverses.

The grav ity sur vey is cur rently in prog ress, and is be ing
flown with the Sander AIRGrav fixed-wing sys tem. The
air borne grav ity sur vey should map the plutons at depth,
which are ex pected to be im por tant con trols for any por -
phyry cop per or cop per-gold de pos its, and dif fer en ti ate
lithologies in the subsurface ge ol ogy based on their density.

The elec tro mag netic sur vey was com pleted in late Oc to ber, 
and was flown with the Geotech VTEM he li cop ter-borne
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Fig ure 5. Per spec tive view of stacked air borne elec tro mag netic sec tions from a por tion of the QUEST Pro ject area. Re sis tive ar eas are
shown in blue, while over bur den con duc tors are high lighted in green and prob a ble bed rock con duc tors, in red. The line spac ing be tween
the EM sec tions is 4000 m. Im age pro duced by BW Min ing, Boulder, Colorado.



sys tem. This elec tro mag netic sys tem was se lected for the
QUEST Pro ject as it has the power to pen e trate the Qua ter -
nary cover, in or der to map the base ment con duc tiv ity and
to pro vide an in di ca tion of ar eas where the cover is thin ner
and hence of greater pos si ble eco nomic in ter est to the
exploration industry.

The VTEM data are still be ing pro cessed, but the ini tial re -
sults in di cate that the sys tem is see ing through the Qua ter -
nary over bur den and pick ing up dis crete con duc tors in the
bed rock. Fig ure 5 shows a per spec tive view of stacked ver -
ti cal time sec tions of the VTEM data for a small por tion of
the QUEST Pro ject. Ar eas shown in blue are re sis tive,
while ar eas shown in green are more con duc tive and typ i -
cally rep re sent the gla cial till. A num ber of dis crete con duc -
tors are shown in red.These are just pre lim i nary sec tions,
de signed for qual ity-con trol pur poses rather than in ter pre -
ta tion, and a rig or ous in ver sion of the data will be car ried
out in due course.

Conclusions

Geoscience BC's QUEST Pro ject was ini ti ated to add to the
geoscience knowl edge of, and to stim u late ex plo ra tion in -
ter est in, the cov ered ar eas of the Quesnel Terrane in cen tral 
BC. An air borne elec tro mag netic sur vey on a 4 km line
spac ing has been com pleted and an air borne grav ity sur vey
on a 2 km line spac ing has been ini ti ated over Geoscience
BC’s QUEST Pro ject area. The pro cess ing of the elec tro -
mag netic data is in hand, and the data should be ready for
re lease in Jan u ary 2008. The air borne grav ity sur vey is still
in prog ress, and the data will be re leased as soon as pos si ble 
af ter the com ple tion of the sur vey. The new air borne grav -
ity and elec tro mag netic sur vey data will com ple ment the
ex ist ing ground-based grav ity data and air borne mag netic
data avail able through NRCan's Geoscience Data Re pos i -
tory. The QUEST geo phys i cal sur veys are sup ported by the
new geo chem i cal data be ing made avail able as a part of the

QUEST Pro ject and by the ex ist ing geo log i cal, geo phys i -
cal, re mote sens ing and top o graphic data.

Ul ti mately, QUEST’s goal is to stim u late new ex plo ra tion
ac tiv ity in the area, and to ac cel er ate the rate of new min eral 
dis cov er ies, hope fully re sult ing in the de vel op ment of one
or more new mines in the area. The new air borne sur veys
will com ple ment the ex ist ing air borne mag netic in for ma -
tion. The air borne geo phys ics, along with the de tailed to -
pog ra phy, wa ter well data and ground ob ser va tions. should
pro vide a pow er ful data set to map the thick ness of the Qua -
ter nary. To as sist with the iden ti fi ca tion of eco nomic de pos -
its, an in te grated fo lio of maps rep re sent ing the mul ti ple
lay ers of ex plo ra tion data sets will also be pro duced.  In ad -
di tion, over the com ing year, Geoscience BC in tends to
work with ge ol o gists in gov ern ment, ac a de mia and in dus -
try to de velop re vised in ter pre ta tions of the subcropping
geology using the results of the new QUEST geo phys ics
and geochemistry.
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Introduction

Dur ing the 2007 field sea son, sev eral ex plo ra tion geo -
chem is try ac tiv i ties were com pleted, as part of Geoscience
BC’s QUEST Pro ject, in the Prince George area in cen tral
Brit ish Co lum bia (Fig ure 1). These in cluded the reanalysis
of 4940 sed i ment pulps from pre vi ous gov ern ment-funded
re gional geo chem i cal sur veys con ducted within the
QUEST Pro ject area (parts of NTS 093A, B, G, H, K, N), an
infill lake sed i ment geo chem i cal sur vey cov er ing an area of 
more than 19 000 km2 also within the QUEST Pro ject area
(parts of NTS 093G, J, K, N, O) and a re con nais sance-scale
stream sed i ment geo chem i cal survey of the Pine Pass area
(NTS 093O).

When re leased in early 2008, this work will rep re sent one
of the larg est in fu sions of pub licly avail able geo chem i cal
in for ma tion into the pro vin cial geo chem i cal da ta base. The
re lease will in clude field and an a lyt i cal re sults for 7327
sam ples cov er ing an area in ex cess of 95 000 km2.

The re sults of these sur veys will pro vide new re gional
drain age sed i ment and wa ter geo chem i cal in for ma tion in
an underexplored and geo log i cally poorly un der stood re -
gion of cen tral BC. The work will sig nif i cantly en hance ex -
ist ing geo chem i cal in for ma tion and com ple ment other
geoscience ini tia tives such as the new elec tro mag netic and
grav ity sur veys be ing flown as part of the QUEST Pro ject.
It also pro vides im me di ate eco nomic op por tu ni ties to lo cal
ser vice pro vid ers and po ten tial long-term benefits from
increased mineral exploration.

QUEST Reanalysis Project

Ad min is tra tors of the Na tional Geo chem i cal Re con nais -
sance (NGR) and BC Re gional Geo chem i cal Sur vey (RGS) 
pro grams had the fore sight to pre serve por tions of sam ples
col lected dur ing drain age sed i ment sur veys com pleted

from 1976 to 1985. The ar chived ma te rial has pro vided the
op por tu nity to reanalyze sam ples us ing up-to-date an a lyt i -
cal tech niques. In the early 1990s, over 24 000 sam ples col -
lected through out BC from 1976 to 1985 were reanalyzed
by in stru men tal neu tron ac ti va tion anal y sis (INAA) for
gold and a num ber of other met als not pre vi ously de ter -
mined (Jackaman et al., 1991; Jackaman, 1992). This type
of work has pro vided im por tant new an a lyt i cal in for ma tion
at im proved de tec tion lev els and has sig nif i cantly
enhanced the utility of the provincial geochemical
database.

As part of the QUEST Pro ject ini tia tive, ar chived sam ples
are now be ing reanalyzed by in duc tively cou pled plasma
mass spec trom e try (ICP-MS). This tech nique will not only
pro vide a wide range of new an a lyt i cal in for ma tion at im -
proved de tec tion lev els, but also pro vide greater data com -
pat i bil ity with sur vey an a lyt i cal meth ods cur rently be ing
em ployed. A to tal of 4452 stream sed i ment pulps have been 
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Fig ure 1. Lo ca tion of sur vey ar eas in cen tral Brit ish Co lum bia.



se lected for this pro ject and cover NTS map sheets 093A,
B, G, H, N (Lett, 2005), plus 488 lake sed i ment pulps from
NTS map sheet 093K (Cook et al., 1999). Sam ples from the
1985 sur vey com pleted in the McLeod Lake (NTS 093J)
map sheet were reanalyzed by ICP-MS in 2006 (Lett and
Bluemel, 2006). It should be noted that al though ef forts
have been made to in clude all sam ples from the tar get sur -
vey ar eas, there are gaps in the data due to missing sample
material.

Drain age sed i ment pulps from pre vi ous NGR and RGS
pro grams are cur rently stored at fa cil i ties in Ot tawa and
Vic to ria. Cus to di ans of the col lec tion are Nat u ral Re -
sources Can ada (NRCan) and the BC Geo log i cal Sur vey
(BCGS). Most of the sam ples are stored by NTS map sheet
des ig na tion in sam ple ID or der and in clude orig i nal an a lyt i -
cal du pli cate and con trol ref er ence sam ples. A to tal of 1 g of 
ma te rial was trans ferred from stor age con tain ers to
prelabelled sam ple en ve lopes and shipped to Acme An a lyt -
i cal Lab o ra to ries Ltd. (Van cou ver) for anal y sis. A com plete 
list of elements and analytical detection limits is provided
in Table 1.

QUEST Lake Sediment Infill Survey

The 2007 QUEST Pro ject geo chem i cal sur vey cov ers the
north east cor ner of the In te rior Pla teau and is bounded by
Mount Milligan in the north, Fort St. James in the west,
High way 97 to the east and Quesnel in the south. The rel a -
tively sub dued to pog ra phy var ies from ex posed grass lands
to roll ing hills cov ered with pine and spruce for ests (Fig ure
2). The up land sur face of the pla teau is fa vour ably dot ted
with nu mer ous lakes and ponds. Al though much of the area
was the site of stream sed i ment sur vey, the char ac ter is tic
low re lief and dis or ga nized drain age sys tems of the area
make lake sed i ment an ideal infill sam ple me dium. Meth -
ods and spec i fi ca tions uti lized in the 2007 pro ject are based
on stan dard lake sed i ment geo chem i cal sur vey strat e gies
used else where in Can ada for the NGR pro gram (Friske,
1991), as well as prior ori en ta tion stud ies and re gional lake
sediment surveys completed in BC (Cook, 1997;
Jackaman, 2006, 2007).

He li cop ter-sup ported sam ple col lec tion was car ried out in
Au gust 2007, dur ing which 1962 lake sed i ment and wa ter
sam ples were sys tem at i cally col lected from 1854 sites. Av -
er age sam ple site den sity was one site per 9 km2 over the
19 000 km2 sur vey area. Field du pli cate sed i ment and wa ter 
sam ples were rou tinely col lected in each an a lyt i cal block of 
20 sam ples. Com bined with the ex ist ing stream sed i ment
sam pling, site den sity be comes one site per 5 km2.

Lake sites were ac cessed us ing a float-equipped Bell Jet
Ranger he li cop ter. The sam pling crews col lected sed i ment
ma te rial with a tor pedo-style sam pler and wa ter sam ples
were saved in 250 mL bot tles. Field ob ser va tions and site
lo ca tions were re corded for each site. Sam ples were suc -
cess fully col lected from most of the lakes tar geted in the
sur vey area. How ever, some of the smaller ponds were not
sam pled due to poor sam pling con di tions, and sam ples
were not col lected from sev eral very large and deep lakes.
In gen eral, lake-bot tom sam ples sent for anal y sis rep re sent
a 35 cm sec tion of ma te rial ob tained from im me di ately be -
low the wa ter-sed i ment in ter face. Sam ples typ i cally con -
sisted of or ganic gels (gyttja) with vary ing amounts of in or -
ganic sed i ment and or ganic mat ter. Or ganic gels are the
tar get sam ple me dium as el e ment con cen tra tions tend to be
higher and more con sis tent com pared to con cen tra tions in
other me dia, high and con sis tent loss-on-ig ni tion (LOI)
con tent min i mizes the in flu ence of this fac tor on el e ment
dis tri bu tions, and a rel a tively deep-water environment is
chemically more stable than a shal low-wa ter environment
(Friske, 1991).

Af ter dry ing, each sam ple was pul ver ized in a ce ramic ring

mill to ap prox i mately –150 mesh (100 µm), and two an a lyt -
i cal splits were ex tracted from the ma te rial. To mon i tor and
as sess ac cu racy and pre ci sion of an a lyt i cal re sults, con trol
ref er ence ma te rial and an a lyt i cal du pli cate sam ples were
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Ta ble 1. De tec tion lim its for sed i ment sam -
ples an a lyzed by ICP-MS.



rou tinely in serted into each
block of 20 sed i ment sam ples.
The sed i ment sam ples will be
an a lyzed for base and pre cious 
met als, path finder el e ments
and rare earth el e ments by
INAA and ICP-MS. Loss-on-
ig ni tion and flu o rine will also
be de ter mined for sed i ment
ma te rial. Flu o ride, con duc tiv -
ity and pH will be de ter mined
for the wa ter sam ples. A com -
plete list of el e ments and an a -
lyt i cal de tec tion lim its is pro -
vided in Ta bles 1 and 2.

QUEST Stream
Sediment Survey

A new re con nais sance-scale
stream sed i ment and wa ter
sur vey of the Pine Pass area
(NTS map sheet 093O) was
com pleted in 2007. The sur -
vey was con ducted by CME

Man ag ing Con sul tants Inc. and fund ing was pro vided by
the North ern De vel op ment Ini tia tive Trust. Meth ods and
spec i fi ca tions uti lized dur ing the work were based on stan -
dard re gional geo chem i cal sur vey strat e gies used
elsewhere in BC (Lett, 2005).

The sur vey area sur rounds the com mu nity of Mac ken zie
and is dis sected by the Rocky Moun tain Trench. To the east, 
the sur vey area lies within the Fore land belt, which is com -
posed equally of Up per Pro tero zoic and Pa leo zoic sed i -
men tary rocks of the an ces tral North Amer ica terrane. Ly -
ing in the Omineca belt, the southwest por tion of the sur vey
area is un der lain by Up per Pro tero zoic and Pa leo zoic rocks
of the Cassiar and Slide Moun tain ter ranes. The sur vey area 
con tains 50 doc u mented min eral oc cur rences with coal and
lime stone be ing the primary types found (MINFILE,
2007).

In the west ern por tion of the sur vey area, the Omineca
Moun tains are char ac ter ized by for ested rounded sum mits
and in the east ern por tion are the mod er ately rug ged moun -
tains of the Hart Ranges and Rocky Moun tain Foot hills.
Dis sected by nu mer ous ac tively flow ing creeks and rivers,
the area con tains abun dant sam ple sites to sup port a re -
gional stream sed i ment and wa ter sur vey. Fine-grained
stream sed i ment is the pre ferred sam ple me dium in these
types of moun tain ous re gions due to its wide spread avail -
abil ity, ease of col lec tion and its abil ity to pro vide rep re sen -
ta tive geo chem i cal data for the drainage basin upstream
from the sample site.
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Fig ure 2. Typ i cal lake sam ple site, lo cated north of Mount Milligan, Brit ish Co lum bia.

Ta ble 2. De tec tion lim its for sed i ment sam ples an a -
lyzed by in stru men tal neu tron ac ti va tion anal y sis
(INAA), loss-on-ig ni tion (LOI) and flu o rine (F). De -
tec tion lim its for flu o ride, con duc tiv ity and pH of wa -
ter sam ples.



Ground- and he li cop ter-sup ported sam pling was con -
ducted dur ing Au gust and Sep tem ber 2007. A to tal of 908
stream sed i ment and wa ter sam ples were col lected from
854 sites at an av er age den sity of one site per 12 km2 over
the 10 500 km2 sur vey area. In gen eral, 1–2 kg sam ples
were col lected from ac tively flow ing pri mary or sec ond ary
drainages  with  catch ment  ar eas  of  less  than  10 km2.
The –80 mesh (180 µm) frac tion of the sed i ment sam ples
will be an a lyzed for base and pre cious met als, path finder
el e ments and rare earth el e ments by INAA and ICP-MS.
Loss-on-ig ni tion and flu o rine will also be de ter mined for
sed i ment ma te rial. Flu o ride, con duc tiv ity and pH will be
de ter mined for the wa ter sam ples. A com plete list of el e -
ments and analytical detection limits is provided in Tables 1 
and 2.

Release Details

Re con nais sance-scale drain age sed i ment and wa ter sur -
veys are rec og nized as an im por tant min eral ex plo ra tion
tool. Re sults from these types of ac tiv i ties are di rectly re -
spon si ble for fol low-up min eral ex plo ra tion that is val ued
in the mil lions of dol lars and has been cred ited with the dis -
cov ery of nu mer ous min eral pros pects. Data from the 2007
QUEST Pro ject ini tia tives will stim u late min eral ex plo ra -
tion by pre sent ing new geo chem i cal in for ma tion for an
underexplored area that is con sid ered to have a high po ten -
tial for fu ture dis cov er ies of cop per and cop per-gold
deposits, such as those at the Gibraltar and Mount Polley
mines.

Sur vey re sults will in clude sur vey de scrip tions and de tails
re gard ing sur vey meth ods; an a lyt i cal and field data list -
ings; sum mary sta tis tics; sam ple lo ca tion maps; and maps
for in di vid ual el e ments. The pub li ca tions will be re leased
on a CD as PDF files and will in clude all raw dig i tal data
files used in the pro duc tion pro cess. The dig i tal data pack -
ages are cur rently sched uled to be released in January 2008.
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Introduction

Bas alts of the Chil cotin Group (CG), sit u ated in the south -
ern In te rior Pla teau phys io graphic re gion of cen tral Brit ish
Co lum bia, cover an area of over 30 000 km2 (Fig ure 1).
Their dis tri bu tion is en tirely within the re gion of BC that is
most af fected by moun tain pine bee tle (MPB) in fes ta tion
(Fig ure 1). The CG is typ i cally un der lain by Pa leo zoic and
Me so zoic base ment rocks with high po ten tial for Cu-Au-
Mo de pos its (e.g., Quesnel Trough), Eocene vol ca nic suc -
ces s ions that host  epi  ther mal  Au de pos i ts  (e .g.,
Blackdome), and Ju ras sic and Cre ta ceous sed i men tary
rocks of the Nechako Ba sin with hy dro car bon and pos si ble
min eral po ten tial. In ad di tion, the CG is it self, ex ten sively
over lain by late Quaternary glacial deposits of variable and
unknown thickness.

The dis tri bu tion of known min eral re sources and pros pects
on the pe riph ery of the CG (e.g., Blackdome, Gi bral tar,
Mount Polley, Pros per ity and Vidette) makes the po ten tial
for un ex ploited min eral re sources ex tend ing be neath the
CG com pel ling (e.g., Mihalynuk, 2007a). How ever, there
is cur rently lit tle co her ent data on the spa tial dis tri bu tion
(e.g., thick nesses), the lithostratigraphy (fa cies vari a tions)
and phys i cal prop er ties (den sity, po ros ity, mag netic sus -
cep ti bil ity and con duc tiv ity) of the CG and over ly ing Qua -
ter nary de pos its. The in com plete ness of geoscience in for -
ma tion is one of the great est im ped i ments to suc cess ful
ex plo ra tion for re sources be neath the CG. One as pect of
this in com plete dataset is the depth through cover (gla cial
and CG) to base ment, which is largely un known. Pre vi ous
work ers have sug gested that the CG can reach a thick ness
of ~200 m and av er ages ~100 m in thick ness (e.g.,
Mathews, 1989); how ever, the au thors have sug gested that
the CG is com par a tively thin (<50 m) across most of its dis -
tri bu tion and only thick (>100 m) in paleochannels (An -

drews and Rus sell, 2007). This ini tial hy poth e sis is sup -
ported by field ob ser va tions from key ver ti cal sec tions ex -
posed in pres ent-day drainages and can yons (e.g., Farrell et
al., 2007; Gordee et al., 2007) and from analysis of volcanic 
facies and map unit geometries (Andrews and Russell,
2007; Gordee et al., 2007).

Herein is the anal y sis of geo log i cal in for ma tion (li thol ogy,
thick ness) avail able from the WELLS da ta base, as it per -
tains to the south ern In te rior Pla teau. This da ta base com -
prises depth and li thol ogy in for ma tion re corded as wa ter
wells were drilled and is main tained by the BC Min is try of
En vi ron ment (2007). In ad di tion, thick ness es ti mates for
the CG from ex posed sec tions and hy dro car bon ex plo ra -
tion wells are in cluded. This work forms part of Geoscience 
BC pro ject 2006-003, which aims to pro duce 3-D fa cies
and thick ness mod els for the CG that can be used to 1) ex -
trap o late re gional ge ol ogy, metallogeny and struc ture be -
neath the CG cover; 2) find win dows to the base ment and
iden tify the base ment ge ol ogy; 3) de lin eate ar eas where the
CG is thin or ab sent; and 4) pro vide a 3-D rep re sen ta tion of
phys i cal prop erty vari a tions to al low the sig na ture of the
CG to be accurately stripped from total-field geophysical
datasets.

Geological Setting

The Neo gene Chil cotin Group (28–1 Ma) of south-cen tral
BC cov ers an area of over 30 000 km2 (Fig ure 1), be neath
an ex ten sive blan ket of Qua ter nary de pos its. The re gion is
char ac ter ized by mod er ately dis sected, val ley-in cised pla -
teaus, mainly com posed of ba saltic suc ces sions vary ing in
thick ness from 5 to 200 m (An drews and Rus sell, 2007).
Es ti mates of to tal vol ume are as high as 3500 km3 (Bevier,
1983; Mathews, 1989). The CG bas alts are typ i cally flat to
shal low dip ping, mas sive to co lum nar jointed, ol iv ine-
phyric ba salt lavas with lesser vol umes of pil low ba salt and
hyaloclastite (Gordee et al., 2007), oc ca sional red-
weathering paleosols (Farrell et al., 2007) and rare,
intercalated felsic tephra (Mathews, 1989).
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The CG un con form ably over lies a di verse range of rock
types and strati graphic pack ages, po ten tially the most eco -
nom i cally im por tant of which are the

• Up per Paleozoic lime stone and phyllite of the Cache
Creek Terrane;

• Tri as sic vol ca nic (in clud ing ba salt) and volcaniclastic
rocks of the Nicola Group (Quesnel Trough) that host
gra nitic in tru sions and ex ten sive Cu-Au-Mo min er al -
iza tion;

• Me so zoic ma rine sed i men tary de pos its of the Nechako
Basin;

• Lower Eocene clastic sed i men tary, vol ca nic (in clud ing
ba salt) and volcaniclastic rocks that host lo cal ized epi -
ther mal Au de pos its; and

• Up per Eocene, Oligocene and Lower Mio cene sand -
stone and shale.

The sub-CG base ment ge ol ogy is ob served in win dows
through the ba salt, how ever, the com bi na tion of areally ex -
ten sive, gla cially de rived, surficial Qua ter nary de pos its
and the CG means that such win dows are far apart. The con -
se quence is that the base ment ge ol ogy can not be ex trap o -
lated with a large de gree of con fi dence beneath these cover
units.

Analysis of Water-Well Records

Rationale

The wide spread dis tri bu tion of Qua ter nary surficial de pos -
its pre cludes di rect ob ser va tion of the CG ba salt for much
of the In te rior Pla teau. In many in stances, the dis tri bu tion
and the thick ness of the un der ly ing bas alts is com pletely
un known; the bas alts are as sumed to be uni form in thick -
ness and dis trib uted ev ery where be neath the surficial de -
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Fig ure 1. Sim pli fied geo log i cal map of the south ern In te rior Pla teau (NTS 092O, P, 093A, B, C, F) de pict ing the dis tri bu tion of the Chil cotin
Group and ad ja cent ba saltic and ba salt-host ing strati graphic units (Massey et al., 2005a, b), ma jor set tle ments and the mar gin of the
moun tain pine bee tle in fes ta tion zone (BIZ). The lo ca tions of the wa ter wells an a lyzed are shown as yel low dots.



pos its. How ever, the re cent work of Gordee et al. (2007)
and Farrell et al. (2007) has led An drews and Rus sell
(2007) to pro pose that the CG is rel a tively thin; on av er age
(<50 m) and is only thick (>100 m) in paleochannels. This
sug gests that un der the ex ten sive Qua ter nary cover, the CG
may be very thin (<25 m) or ab sent, de spite ex ist ing re -
gional geo log i cal maps in di cat ing oth er wise. This hy poth -
e sis has been partly con firmed by a pre lim i nary GIS study
(Mihalynuk, 2007b). To test this hy poth e sis fur ther and to
at tempt to map the base ment be neath the CG, over 8000
water-well records have been examined to extract
lithological and thickness data.

Methodology

The top-most bed rock li thol ogy has been iden ti fied and
ver ti cal thick ness es ti mates of the CG have been col lected
from out crops (i.e., mea sured ver ti cal sec tions) and pub -
licly main tained da ta bases (i.e., WELLS da ta base, BC
Min is try of En vi ron ment [2007] and well re ports, BC Min -
is try of En ergy, Mines and Petroleum Resources [2007]).

Water-Well Records

Wa ter-well re cords were ob tained from the WELLS da ta -
base, which con tains in ex cess of 88 000 re cords cov er ing
all of BC. For the study area (NTS 092O, P; 093A, B, C, F),
there are re cords for over 8000 wa ter wells, of which 1773
pen e trate into bed rock (Fig ure 1). Only those wells that re -
cord lithological in for ma tion and pen e trate the bed rock are
in cluded in this anal y sis. The full ar ray of geo graphic, hy -
dro log i cal and lithological data was down loaded, ed ited
and en tered into a Microsoft Ex cel® spread sheet (Ta ble 1).
The well name, well lo ca tion, drift thick ness, bed rock type,
min i mum ba salt thick ness and max i mum ba salt thick ness
were re corded for each re cord.

In ad di tion to the lithological and thick ness data, a qual i ta -
tive as sess ment of the lithological in ter pre ta tion of each re -
corded unit was made; spe cif i cally, a cer tainty from 0 to 3
was as cribed, where 3 is the max i mum con fi dence and 0 de -
notes no con fi dence in the iden ti fi ca tion of the rock type in -
ter sected. For ex am ple, a well re port in clud ing ‘bed rock’ is
as signed a cer tainty rank of 0 (it of fers no in for ma tion on
rock type); in con trast a re port in clud ing ‘hard ve sic u lar ba -

salt’ is as signed a rank of 3 (pos i tive iden ti fi ca tion of ba -
salt). A ‘black rock’ is as signed a rank of 1 and a ‘grey vol -
ca nic rock’ is as signed a rank of 2. It should be noted that

• The iden ti fi ca tion of ‘ba salt’ does not nec es sar ily in di -
cate CG ba salt.

• Lithological de scrip tions are pro vided by wa ter-well
drill ers who may not be (and prob a bly are not) qual i fied
ge ol o gists. There fore, any in fer ences made on these de -
scrip tions must not be taken as ac cu rate geo log i cal ob -
ser va tions.

• The cer tainty rank ing is wholly qual i ta tive. The au thors
have used their ex pe ri ence of the known ge ol ogy in the
area, and their per sonal judg ment, in as sign ing rank -
ings. For ex am ple, an al ter nat ing se quence of ‘black
vol ca nic rock and red brec cia’ is as signed a rank of 3 and 
is in ferred to be a subsurface ex pres sion of the Chasm
lithofacies within the CG (Farrell et al., 2007).

The wa ter wells re corded are pri mar ily do mes tic or ag ri cul -
tural wa ter sources, and there fore, their dis tri bu tions are
strongly het er o ge neous and clus tered around pop u la tion
cen tres (e.g., 100 Mile House and Wil liams Lake) and
along ma jor high ways. As a re sult, there are min i mal (<50)
well re cords for NTS 092O, and 093C and F. Col la tion of
well re cords for NTS 093G (Prince George) is on go ing and
they are not included in this analysis.

Results

The re sults of the anal y sis are pre sented as a se ries of sim -
pli fied geo log i cal maps with col oured dots rep re sent ing
each well. The size of dots is an in di ca tion of the cer tainty
rank ing; in con trast, dot col our re flects the unit thick ness,
ex cept in one fig ure where col our indicates rock type.

Quaternary Deposits — Drift

All the well re cords an a lyzed (n = 1773) pro vide an es ti -
mate of the max i mum thick ness of drift en coun tered. In the
anal y sis, ‘un con sol i dated de pos its’, ‘gla cial sed i ment’,
‘mud’, ‘clay’, ‘sand’, ‘gravel’, ‘rocks’, ‘boul ders’ and ‘till’
were as signed to ‘drift’. Drift thick ness dis tri bu tions are
sum ma rized in Fig ure 2, which shows the wide spread pres -
ence of 11–50 m thick drift across NTS 092P, and 093A
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Ta ble 1. Ex am ple of the Microsoft Ex cel® data ta ble cre ated for wa ter-well re cords from the WELLS da ta base (Min is try of
En vi ron ment, 2007). The well re cords are sup plied in im pe rial units and are con verted to met ric in the Microsoft Ex cel®
spread sheet. Note that this is ex am ple data only and does not cor re spond to real well data.

NTS 

sheet

Water-well 

no.

Water-well 

depth 

Drift 

thickness 

Minimum 

bedrock 

thickness

Topmost 

rock type

Certainty 

ranking

Minimum 

basalt 

thickness

Rock type 

below 

basalt
(m) (m) (m) (m)

092O 28269 33 8 25 basalt 2 23 granite
092O 46586 58 35 23 unknown n/a 0 n/a
092O 54137 66 33 33 basalt 1 33 ?
092O 30723 54 52 2 basalt 2 2 ?
092O 55724 112 15 97 granite 1 n/a n/a



and B. Drift less than 10 m thick is typ i cal in the south west -
ern parts of NTS 092P around Clinton and in the ar eas
bound ing the Quesnel High land around Horse fly (NTS

093A). Drift greater than 50 m thick is only ex ten sive along
the Fra ser River val ley be tween Quesnel and Wil liams
Lake (NTS 093B). A pre pon der ance of mod er ate thick ness

drift is dem on strated in Fig ure 3, where 66%
of well re ports re cord drift <70 m thick and
95% are <180 m (mainly around Williams
Lake).

Basalt

Most (1759) wa ter wells pen e trate bed rock
that is in ferred to be ba salt in this study. The
lo ca tions of those wells are dis played in Fig -
ure 1. Note that some of the wells dis played

(≤20%) are lo cated out side the mar gins of the
CG; rather, sev eral wells are lo cated on pre-
or post-Chil cotin Group bed rock that is, or
may in clude, ba salt (e.g., Tri as sic Nicola
Group, Qua ter nary Wells-Grey ba salt lavas).
It is, how ever, im pos si ble to dis tin guish be -
tween bas alts of dif fer ent strati graphic pack -

14 Geoscience BC Sum mary of Ac tiv i ties 2007

Fig ure 2. Qua ter nary drift thick ness, south ern In te rior Pla teau, BC (bed rock ge ol ogy af ter Massey et al., 2005a, b).

Fig ure 3. His to gram of drift thick ness, south ern In te rior Pla teau, BC. Note that the 
66th, 95th and 99th per cen tiles are in di cated.



ages. The ma jor ity of wells in ter cept ing ba salt cor re spond
with mapped ba salt oc cur rences with the ex cep tion of the
clus ter of 11 wells west of Prince George (NTS 093F),

where ba saltic bed rock ap pears to be pres ent at ≤50 m
depth.

Ba salt thick ness data is pre sented as both min i mum thick -
ness (n = 1585 wells) and max i mum (i.e., true) thick ness
(n = 174 wells). Min i mum thick ness es ti mates come from
those wells that pen e trate into ba salt and stop; there fore
they only pro vide a min i mum thick ness con straint. In con -
trast, max i mum thick ness es ti mates come from wells that
pen e trate through ba salt into a sub-basalt rock type.

The lo ca tions of min i mum thick ness es ti mates (n = 1585
wells) are dis played in Fig ure 4, where thick nesses are dif -
fer en ti ated into un equal bins of <10 m, 10–50 m and >50 m. 
These bin sizes were cho sen to best dem on strate crit i cal ba -
salt thick nesses per tain ing to ex plo ra tion and pos si ble ex -
ploi ta tion; where very thin ba salt is ef fec tively in vis i ble to

seis mic and grav ity sur vey, and where thick ba salt is highly
un fa vour able for blind drill ing or open-pit ex trac tion.
Wells pen e trat ing into thick (>50 m thick) ba salt are con -
cen trated al most ex clu sively in the cen tral por tion of NTS
092P, un der the town of 100 Mile House (min i mum thick -
ness 186 m) and immediately to the east (minimum
thickness 124 m; Figure 4).

In ad di tion, min i mum ba salt thick ness de rived from wa ter-
well re cords is sup ple mented by sev eral field ob ser va tions
(mea sure ment of ver ti cal ex po sures). Al though the num ber 
of mea sured sec tions in cluded is small (n = 18 wells), they
are lo cated in ar eas not oth er wise rep re sented by wa ter-
well re cords, for ex am ple, along river val leys in NTS 092O
and 093B (Fig ure 4).

The lo ca tions of max i mum thick ness es ti mates (n = 174
wells) and sup ple men tary field ob ser va tions (n = 6 wells)
and hy dro car bon ex plo ra tion wells (n = 1 well) are dis -
played in Fig ure 5. Again, thick ness bins of <10 m, 10–
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Fig ure 4. Min i mum ba salt thick ness, south ern In te rior Pla teau, BC (ge ol ogy af ter Massey et al., 2005a, b).



50 m and >50 m are used. With far fewer max i mum es ti -
mates than min i mum es ti mates, the wells in cluded tend to
clus ter more strongly around 100 Mile House (NTS 092P)
and Wil liams Lake (NTS 093B); how ever, the thick est sec -
tions are still situated around 100 Mile House.

Not sur pris ingly, the typ i cal max i mum true thick ness is less 
than that re corded in min i mum thick ness es ti mates be cause
it is eas ier to pen e trate through thin ner ba salt. The max i -
mum true thick ness re corded is 164 m (at 100 Mile House)
and the mean is 16.2 m; 66% of ba salt lay ers in ter cepted are
<20 m thick and 95% are <50 m (Fig ure 6A). Thin ba salt

lay ers (≤20 m thick) are gen er ally found around Wil liams
Lake (Fig ure 5), be tween Wil liams Lake and 100 Mile
House (NTS 092P) and cen tral por tions of NTS 093B. Min -
i mum ba salt thick ness es ti mates are gen er ally greater (Fig -
ure 6B): 66% of ba salt lay ers in ter cepted are <40 m thick
and 95% are <80 m thick; it is note wor thy that even min i -

mum es ti mates still strongly sug gest that the ba salt lay ers
are thin ner than pre vi ously in ferred.

Sub-Basalt and Other Rock Types

Non-ba salt rock types en coun tered be neath Qua ter nary
drift (n = 714 wells) and ba salt (n = 174 wells) were re -
corded and are dis played in Fig ure 7. Rock types are pre -
sented as

• un known/not clas si fied (e.g., ‘bed rock’, ‘white rock’);

• clastic sed i men tary (e.g., ‘shale’, ‘sand stone’, ‘con -
glom er ate’);

• plutonic (e.g., ‘gran ite’, ‘diorite’);

• lime stone; and

• meta mor phic (e.g., ‘schist’, ‘chlorite rock’).

Clastic sed i men tary rocks are prev a lent across NTS 092P,
and 093A and B, al though it is not pos si ble to cor re late
them to spe cific strati graphic units or ages. Lime stone,
plutonic rocks and meta mor phic rocks are re stricted to NTS 
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Fig ure 5. Max i mum ba salt thick ness, south ern In te rior Pla teau, BC (ge ol ogy af ter Massey et al., 2005a, b).
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Fig ure 6. His to gram of ba salt thick ness, south ern In te rior Pla teau, BC: A) max i mum ba salt thick ness; B) min i mum ba salt thick ness. Note
that the 66th, 95th and 99th per cen tiles are in di cated.

Fig ure 7. Non-ba salt rock types en coun tered be low drift and/or ba salt (bed rock ge ol ogy af ter Massey et al., 2005a, b).



092P, where they pos si bly rep re sent the base ment ge ol ogy
along the in ferred mar gin be tween the Cache Creek Terrane 
(limestone-dom i nated) and the Quesnel Terrane (gran ite-
host ing), be neath 100 Mile House. Known ge ol ogy is prob -
a bly rep re sented by gran ite-pen e trat ing wells east of 100
Mile House (NTS 092P; pos si bly the Takomane batholith)
and lime stone-pen e trat ing wells near Clinton (NTS 092P).
Else where, the abun dant clastic sed i men tary rocks be tween 
Wil liams Lake and Quesnel prob a bly rep re sents the Up per
Eocene–Lower Mio cene suc ces sion along the Fraser River
(Rouse and Mathews, 1979).

The oc cur rence of clastic sed i men tary rocks, plutonic rocks 
and lime stone as the up per most bed rock within the pres -
ently mapped bound aries of the CG (Fig ure 7) in di cates the
pres ence of pre vi ously un de tected base ment win dows.
These are most com mon in the cen tral por tions of NTS
092P, the south west ern cor ner of NTS 093A and the south -
east ern cor ner of NTS 093B; ar eas where the typ i cal basalt
thickness is <50 m.

Discussion

The Thickness of the Chilcotin Group

Anal y sis of wa ter-well re cords sup ports the as ser tion (An -
drews and Rus sell, 2007) that the Chil cotin Group is typ i -
cally thin (<50 m thick, prob a bly <25 m thick; Fig ures 4–6)
across most of its mapped dis tri bu tion, and more over, that
in many ar eas its ac tual subdrift dis tri bu tion is very patchy.
Most of the thick est sec tions (>50 m) re corded are re -
stricted to the cen tral and south ern parts of NTS 092P,
where sev eral wa ter wells are lo cated be yond the pres ently
mapped bound ary of the CG, where in fact they may pen e -
trate into older, Eocene basalt (Endako Group).

Pre vi ously, An drews and Rus sell (2007) pro posed that sig -
nif i cant thick ness vari a tions within the CG were the re sult
of paleotopography, with thick sec tions fill ing an cient
drain age sys tems and thin sec tions cov er ing, or par tially
cov er ing, an cient high ground. The vari a tions in max i mum
CG thick ness, re vealed by anal y sis of wa ter-well re cords,
may be ex plained in this way, for ex am ple the thick est sec -
tions (>150 m thick) and many of the thin nest sec tions
(<5 m) and base ment win dows (i.e., 0 m thick ness of CG)
are found ad ja cent to one an other un der the town of 100
Mile House (NTS 092P). It is not pos si ble to pos i tively
iden tify paleodrainage sys tems by the anal y sis of wa ter-
well re cords alone, the num ber of wells is too low and they
are not dis trib uted widely enough. How ever, fur ther de -
tailed field work to un der stand the ar chi tec ture of the CG
through study ing its com po nent lithofacies as sem blages
may allow this hypothesis to be tested and paleodrainages
to be mapped.

Exploration Potential Beneath the Chilcotin
Group

The un con strained thick nesses and ar eal dis tri bu tions of
the Chil cotin Group and over ly ing Qua ter nary de pos its
have im peded min eral and hy dro car bon ex plo ra tion for de -
cades. The gen eral con sen sus has been that the CG is uni -
formly thick (i.e., >100 m thick) ev ery where across its
mapped dis tri bu tion (e.g., Bevier, 1983; Mathews, 1989).
This com mon wis dom is based largely on a few thick but
well-ex posed out crops around the mar gins of, and within,
the In te rior Pla teau. Over es ti ma tion of the thick ness of the
CG, and there fore, the depth to base ment, has dis cour aged
con ven tional ex plo ra tion ac tiv ity (e.g., pros pect ing, stak -
ing, geo chem i cal sam pling) and has also dis cour aged
higher cost ex plo ra tion ac tiv i ties (drill ing, geo phys i cal sur -
veys; e.g., Mihalynuk 2007a). In deed, if geo phys i cal sur -
veys (e.g., seis mic, grav ity, aero mag net ic, ra dio met ric) are
to be use ful to ex plo ra tion they will re quire ei ther 1) ac cu -
rate es ti ma tion of CG thick ness to produce realistic
geophysical models and/or 2) complex data processing to
remove the CG.

In this pa per, ev i dence is pre sented in sup port of the hy -
poth e sis (An drews and Rus sell, 2007) that the CG is gen er -
ally thin (<50 m thick; prob a bly <25 m thick) across most of 
its known and in ferred dis tri bu tion. Fur ther more, it was
found that ex ces sively thick CG (>100 m) is lo cal ized, and
ap pears to be re stricted to the 100 Mile House area. The ob -
ser va tion that the CG is gen er ally thin across a large area in -
creases the like li hood of base ment win dows be ing close to
sur face, and there fore more ac ces si ble to blind-drill ing and
iden ti fi ca tion by soil-, lake- and bio-geo chem i cal sur veys.
More over, these ob ser va tions fur ther con strain the thick -
ness of the CG in NTS 092P, and 093A and B; there fore,
there is hope that these ob ser va tions can be extrapolated
across the remainder of the CG.

These re sults and in ter pre ta tions of the thick ness of the CG
should be in cor po rated in on go ing and fu ture re search and
ex plo ra tion pro jects in ar eas un der lain, or pos si bly un der -
lain, by the CG. The au thors be lieve that by in cor po rat ing
their find ings, ex plo ra tion pro jects can be en hanced, and
new ar eas of the In te rior Pla teau can be added to the
provincial exploration portfolio.

Conclusions

1) The Chil cotin Group is typ i cally <25 m thick across the
area rep re sented by the well re cords an a lyzed.

2) Lo cal ized sec tions that are >100 m thick are en coun -
tered in NTS 092P, some or all may in clude older ba salt
in ad di tion to the CG.

3) A di verse range of base ment rock types are iden ti fied at
the bed rock-drift in ter face (in the ab sence of CG) and
im me di ately be low the CG. This sug gests that
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- the base ment is widely ac ces si ble (<50 m depth)
through drift only, or through drift and thin CG in
many ar eas;

- the ar eal dis tri bu tion of the CG un der Qua ter nary
cover is over es ti mated; and

- base ment win dows are more com mon, and larger,
than pre vi ously thought.

4) Qua ter nary drift is typ i cally <50 m thick across the area
sur veyed. Sec tions that are >50 m thick may be of in ter -
est to in dus trial min eral com pa nies.

5) The re al iza tion that the CG is typ i cally thin should be in -
cor po rated into ex plo ra tion pro jects, al low ing for sim -
pler and cheaper geo phys i cal and geo chem i cal sur veys,
and in creas ing the area likely to be prospective.
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Introduction

The Taseko Lakes re gion is lo cated in south west ern
Brit ish Co lum bia, ap prox i mately 215 km north of
Van cou ver (Fig ure 1), and strad dles the bound ary of
the south east and south west Coast geomor -
phological belts (Fig ure 2). The ge ol ogy of the re -
gion is dom i nated by in ter me di ate in tru sive, vol ca -
nic, volcaniclastic and clastic rocks that have
un der gone at least three phases of brit tle de for ma -
tion. Sev eral min eral oc cur rences in the re gion are
lo cated within the southeast Coast Belt prox i mal to
its con tact with the Coast Plutonic Com plex. The
min eral oc cur rences in clude vein de pos its and mag -
matic-hy dro ther mal sys tems, and are in te gral to the
re gional evo lu tion of the east ern mar gin of the Coast
Plutonic Com plex (Fig ure 1). Nu mer ous min er al -
ized zones are pres ent in the dis trict, in clud ing the
Bralorne (MINFILE 092JNE 001), Pi o neer Mines
( M I N F I L E  0 9 2 J N E  0 0 4 )  a n d  P r o s  p e r  i t y
(MINFILE 092O 041) de pos its. Ad di tional pros -
pects, which are the sub jects of this contribution,
include the Pellaire, Empress and Tay lor-Wind fall
mineral occurrences.

To date, the re la tion ship be tween fault ing and min er -
al iza tion has not been es tab lished for the Taseko
Lakes re gion. As a re sult, the link be tween the struc -
tural his tory of the area and its min eral oc cur rences
is poorly un der stood. A two-year M.Sc. pro ject is in
prog ress, in te grat ing field map ping and lab o ra tory anal y -
ses, to ad dress this is sue. The over all goals of this pro ject
are 1) to char ac ter ize the min er al iza tion and al ter ation pres -

ent at three min eral oc cur rences in the Taseko Lakes area
(Em press, Tay lor-Wind fall and Pellaire oc cur rences) prox -
i mal to the Coast Plutonic Com plex; 2) to char ac ter ize the
chro nol ogy of fault gen er a tion in the re gion by de ter min ing 
the ki ne mat ics of the faults and, in do ing so, to eval u ate the
im por tance of struc tural con trols on min er al iza tion; and 3)
to de ter mine the tim ing and phys i cal-chem i cal con di tions
of hy dro ther mal flu ids (e.g., tem per a ture, depth of em -
place ment and likely fluid source) for each of the three min -
eral oc cur rences. These re sults will be in te grated to

Geoscience BC Re port 2008-1 21

Keywords: Cu por phyry, epi ther mal, Coast Plutonic Com plex,
south east Coast Belt, Taseko Lakes

This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Fig ure 1. Map of Brit ish Co lum bia (mod i fied from MapPlace, 2006), show -
ing the lo ca tion of Van cou ver, Taseko Lakes, the Coast Plutonic Com plex,
and se lected por phyry and vein-hosted de pos its that oc cur im me di ately
east of the Coast Plutonic Com plex. The de pos its shown formed be tween
the Late Tri as sic and the Late Cre ta ceous (MacMillan et al., 1991;
MINFILE, 2007).



develop a coherent structural model for the mineralizing
system(s) in the Taseko Lakes region.

This re port pro vides an up date from re sults pre sented by
Hollis et al. (2007) and doc u ments re sults from the sec ond
field sea son (2007) and pre lim i nary lab o ra tory re sults.
Map ping in 2007 fo cused mainly on ar eas to the south east
of Taseko Lakes, with em pha sis on the Mount McLeod
batholith, the Tchaikazan fault (the ma jor strike-slip fault in 
the area) and the known min eral oc cur rences in the re gion
(Fig ure 3). The goals of this phase of the re search are 1) to
char ac ter ize the al ter ation and min er al iza tion of three min -
eral oc cur rences in the area (Pellaire, Tay lor-Wind fall and
Em press); 2) to de ter mine any ge netic re la tion ships among
the oc cur rences, the Tchaikazan fault and the Coast
Plutonic Com plex; and 3) to de velop a model for the for ma -
tion of the oc cur rences and ad dress any links among them.
In or der to achieve these goals, the re cent field work en -
tailed large scale map ping (1:10 000 scale) of the north ern
con tact zone of the Mount McLeod batholith near the Spo -
kane–Mount McLure, Pellaire, Tay lor-Wind fall and Em -
press oc cur rences. Ad di tion ally, more de tailed map ping
(1:5 000 scale) and sam pling of rock types, struc tures, al ter -
ation and min er al iza tion were also car ried out in the area of
the three oc cur rences. Drill core from pre vi ous ex plo ra tion
pro grams at the Em press and Tay lor-Wind fall oc cur rences
was logged and sam pled in de tail. Field map ping and core
log ging in volved dis tin guish ing the dif fer ent in tru sive, ex -
tru sive and sed i men tary rocks pres ent in the area, and char -

ac ter iz ing the style, in ten sity and dis tri bu tion of hy dro ther -
mal al ter ation and min er al iza tion at the three oc cur rences.
Sam ples col lected in the field have been sub mit ted for
petrographic thin sec tions, fluid in clu sion anal y sis and
geo chron ol ogi cal dat ing (U-Pb and Ar-Ar). These re sults
will be re ported in the fu ture. Alteration mapping of clay
minerals has been aided by the application of short-wave
infrared (SWIR) analysis of hand samples following the
field season.

Regional Geology

The Taseko Lakes re gion strad dles the bound ary be tween
the southeast and southwest Coast Belt, which to gether
com prise the southern Coast Belt in the Ca na dian Cor dil -
lera (Mon ger and Journeay, 1994; Umhoefer et al., 2002).
The southeast Coast Belt con sists mainly of late Pa leo zoic
to Me so zoic vol ca nic arc rocks and clastic basinal
lithotectonic as sem blages (Schiarizza et al., 1997;
Umhoefer et al., 2002). In con trast, the southwest Coast
Belt is dom i nated by Mid dle Ju ras sic to Late Cre ta ceous
plutonic rocks of the Coast Plutonic Com plex (Friedman
and Armstrong, 1995).

The southern Coast Belt sep a rates the Intermontane
Superterrane to the east from the In su lar Superterrane to the 
west. The Intermontane Superterrane is com posed of the
smaller Cache Creek, Quesnel and Stikine ter ranes, and
was accreted to the west ern mar gin of North Amer ica dur -
ing the Early to Mid dle Ju ras sic (Mon ger et al., 1982).
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Fig ure 2. Geo logic map (mod i fied from MapPlace, 2006) of the Taseko Lakes area, show ing the Coast Plutonic Com -
plex and south east Coast Belt as well as the ap prox i mate ages and lo ca tions of the Bralorne and Pros per ity De pos its
(MINFILE, 2007).



Like wise, the In su lar Superterrane is com posed of the
smaller Wrangellia and Al ex an der ter ranes, and is be lieved
to have accreted to the west ern mar gin of North Amer ica
dur ing lat est Ju ras sic to the mid-Cre ta ceous (Mon ger et al.,
1982; Schiarizza et al., 1997; Is rael et al., 2006). The
southeast Coast Belt is an over lap as sem blage, rep re sent ing 
the geo logic ma te rial pres ent be tween the In su lar and
Intermontane superterranes at the time of the ac cre tion of
the In su lar Superterrane (Mon ger and Journeay, 1994). The 
southeast Coast Belt con sists of the smaller Bridge River,
Cadwallader and Methow oceanic terranes.

An ex ten sive sys tem of north west-trending faults dom i -
nates the struc tural ar chi tec ture of the Taseko Lakes area.
These faults are dom i nantly strike-slip and contractional
faults that de vel oped dur ing at least three phases of
transpressional de for ma tion from the mid-Cre ta ceous to
the Ter tiary (Schiarizza et al., 1997; Is rael et al., 2006).
Steeply dip ping, sinistral, strike-slip faults are in ter preted
to rep re sent the ear li est de for ma tion phase (D1). These
sinistral faults are in ter preted as high-strain, but are dis con -
tin u ous along strike (Is rael et al., 2006; Hollis et al., 2007).
Contractional faults formed dur ing the sec ond phase of de -
for  ma t ion in the Late Cre ta ceous (Rusmore and
Woodsworth, 1991, 1994). This short en ing is char ac ter ized 
by mainly north- to north east-verg ing thrust faults, be -
lieved to have de vel oped dur ing the ac cre tion of the In su lar
Superterrane to the west ern mar gin of North Amer ica and
in ter preted to be a part of the Waddington Thrust Belt
(Rusmore and Woodsworth, 1991). Eocene, dextral, strike-
slip faults are the larg est and dom i nant struc tures in the re -
gion, and ap pear to cut all other faults (Schiarizza et al.,
1997). The largest of these are the Tchaikazan and Twin
Creek faults.

The Taseko Lakes re gion is bounded to the south by the
Mount McLeod batholith, which is part of the Coast
Plutonic Com plex and is dated at 103.8 ±0.5 Ma (Is rael et
al., 2006). This batholith in trudes strati graphic units of the
southeast Coast Belt pre vi ously clas si fied as the Tay lor
Creek Group (Schiarizza et al., 1997). The Tchaikazan fault 
runs through the cen tre of the study area and off sets all ob -

served rock types. The ar eas north of the Tchaikazan fault
are dom i nated by the Powell Creek For ma tion, but also in -
clude units of the Tay lor Creek Group.

Results From First Field Season

The ob jec tives of the first year of the pro ject were 1) to
char ac ter ize the ge ol ogy and geo logic struc tures of the
Taseko Lakes area, 2) to place age con straints on iden ti fied
rock types and faults in the study area, and (3) to iden tify
any struc tural con trols on min er al iza tion in the area (Hollis
et al., 2007). Re sults from the first map ping sea son and sub -
se quent lab o ra tory stud ies include the following:

1) Broad compositional sim i lar i ties be tween the strati -
graphic rock units in the area sug gest that no sin gle unit
pos sesses an ap par ent greater ca pac ity to re act with
min er al iz ing flu ids re sult ing in pre cip i ta tion of ore
minerals from solution.

2) Andesitic dikes as young as 22 Ma (Ar-Ar of
hornblende) in the area in di cate that magmatism was ac -
tive in the area un til Mio cene time.

3) Sinistral shear zones be long ing to D1 are lithologically
het er o ge neous, and host vari able al ter ation but neg li gi -
ble min er al iza tion. Ar-Ar dates from shear fab rics de -
fined by mus co vite, bi o tite and illite pro vide cool ing
ages of 96.77 ±0.92, 91.98 ±0.75 and 88.15 ±0.57 Ma,
respectively.

4) Thrust faults be long ing to D2 host mylonitic fab rics,
propylitic (chlorite, epidote, car bon ate) al ter ation and
mi nor min er al iza tion (py rite, chal co py rite). An Ar-Ar
date of illite from the mylonitic fab rics pro vides a cool -
ing age of 60.53 ±0.33 Ma, which may rep re sent the late
stages of move ment along the fault zone.

5) Dextral strike-slip faults be long ing to D3 are char ac ter -
ized by brit tle de for ma tion and ap pear to host no sig nif i -
cant min er al iza tion or al ter ation. No fault ma te rial was
suit able for geo chron ol ogy, but re gional cor re la tions
sug gest that these faults were active during Eocene
time.
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Fig ure 3. Geo logic map (modified from MapPlace, 2006) show ing the lo ca tions of the Mount McLeod batholith,
Tchaikazan fault and min eral oc cur rences in the area south of Taseko Lakes. Lo ca tions of sub se quent fig ures are also
de noted. Line XY de notes the ap prox i mate lo ca tion of the cross-sec tion shown in Fig ure 6.



Short Wavelenth Infrared Analysis

Short wave length in fra red (SWIR) anal y sis can be per -
formed on sam ples in the field with the use of the por ta ble
in fra red min eral an a lyzer (PIMA). A PIMA al lows for
speedy iden ti fi ca tion of hy dro ther mal and clay min er als,
which ul ti mately al lows the map ping of dif fer ent zones of
hy dro ther mal al ter ation when in di vid ual min eral spe cies
are in dis cern ible (Herrmann et al., 2001). The short wave -
length in fra red range con sists of elec tro mag netic wave -
lengths from 1 300 to 2 500 nm. This range in cor po rates
fun da men tal ab sorp tion fea tures of OH, H2O, CO3, NH4,
AlOH, FeOH and MgOH. From the rel a tive mag ni tude of
these ab sorp tion fea tures, rel a tive abun dances of many hy -
dro ther mal al ter ation min er als can be es ti mated (Thomp -
son et al., 1999). SWIR mea sure ments for this pro ject were
made us ing a TerraSpec® SWIR spectrometer from
Analytical Spectral Devices, Inc.

Areas Studied in Second Field Season

Pellaire Gold Deposit

The Pellaire gold de posit is clas si fied as a polymetallic
vein-hosted de posit by Holtby (1988). This de posit was
mapped at a scale of 1:5 000, to de ter mine the struc tural
con trols on the min er al iza tion and to col lect sam ples of
veins and wallrock for lab o ra tory anal y ses in or der to place
con straints on tem per a ture, depth and age of min er al iza -
tion. Re sults from these stud ies will po ten tially pro vide in -
sights into any tem po ral and ge netic links pres ent be tween
min er al iza tion at the Pellaire and the other showings in the
area.

Pellaire is a past-pro duc ing gold-sil ver de posit lo cated ap -
prox i mately 7 km south-south west of Up per Taseko Lake
(Fig ure 3). The de posit oc curs at the con tact of the Falls
River suc ces sion with the Mount McLeod batholith (Hollis
et al., 2007). Min er al iza tion oc curs in quartz veins that are
hosted in south-verg ing thrust faults (Pezzot, 2005). Ore
min er als in clude py rite, chal co py rite, ga lena, sphalerite,
ar seno py rite, tetrahedrite and hessite. The ma jor ity of the
gold in the de posit is as so ci ated with hessite. Hy dro ther mal
al ter ation in the area is not in tense or wide spread, but is
dom i nated by mus co vite, illite, an ker ite and jarosite. Prob -
a ble geo log i cal re serves are 30 841 tonnes grad ing
22.9 grams per tonne gold and 78.8 grams per tonne silver
(Holtby, 1988).

The Falls River suc ces sion was de fined by Is rael et al.
(2006). Prior to this it was in cluded in the Tay lor Creek
Group (Jeletzky and Tip per, 1968; Mc Laren, 1990;
Schiarizza et al., 1997). The suc ces sion con sists of in ter me -
di ate, co her ent and clastic vol ca nic units with sub or di nate
amounts of sed i men tary rocks, typ i fied by siltstone and
shale. At the Pellaire de posit, it is in truded by the Mount
McLeod batholith to the south (Fig ure 4). A min i mum age

of  de  po  s i  t ion  for  the  Fa l l s  River  suc  ces  s ion  is
103.8 ±0.5 Ma, based on a ura nium-lead zir con age from
the Mount McLeod batholith (Israel et al., 2006).

The Mount McLeod batholith, part of the Coast Plutonic
Com plex, oc curs in the south ern part of the study area (Fig -
ures 4 and 5). The gold-bear ing quartz veins on Pellaire are
dom i nantly hosted within the granodiorite of the Mount
McLeod batholith (Fig ure 4A).

The batholith is a me dium- to coarse-grained, hornblende
granodiorite. It is equigranular, with crys tal sizes rang ing
from 1 to 10 mm and an av er age size of about 2–3 mm (Fig -
ure 5A). It is com posed of about 40% quartz, 30% euhedral
plagioclase, 15% subhedral hornblende, 10% euhedral K-
feld spar, 3% he ma tite and mag ne tite, and 2% subhedral bi -
o tite. The quartz crys tals ap pear to oc cur in ter sti tially to all
other min er als, and the feld spars oc cur in ter sti tially to the
mafic min er als. Ox ide min er als ap pear to be a post-crys tal -
li za tion over print of the hostrock. In some ar eas at Pellaire,
the Mount McLeod batholith also con tains up to 20% cob -
ble-sized, fine-grained mafic en claves. Ar eas of sig nif i cant 
clay al ter ation and ox i da tion oc cur spo rad i cally through out 
the batholith in the study area. The grain size of the
batholith de creases slightly to wards its mar gin. Dis crete
zones of in tense Cu- and Fe-ox ide al ter ation are commonly
observed in the Mount McLeod batholith.

The min er al ized quartz veins range in tex ture from iso lated
mas sive veins, to stockworks, to brecciated veins ce mented 
by sub se quent gen er a tions of quartz. The veins vary in
thick ness from about 20 cm to 2 m and strike west to south -
west with dips rang ing from 40 to 80 de grees to the north.
Faults of sim i lar ori en ta tion to the veins are ob served in the
coun try rock sur round ing the granodiorite. The veins are
in ter preted to have formed dur ing or af ter the dis place ment
along these faults, but only pre cip i tated from hy dro ther mal
so lu tion when the cir cu lat ing flu ids in ter acted with the
granodiorite. Sub se quent dis place ment along these faults
also oc curred af ter vein em place ment, as ev i denced by
faulted lower con tacts along some veins. The ki ne mat ics
ob served in fault gouge are consistent with thrusting
towards the south.

Hy dro ther mal brecciation oc curs at the con tact be tween the 
Mount McLeod batholith and the Falls River suc ces sion on
the east ern side of the prop erty (Fig ure 4B). Clasts of both
units are pres ent in the brec cia and are ce mented by quartz,
seri cite and mi nor jarosite and gyp sum. Dis sem i nated py -
rite is also pres ent in the granodiorite clasts within the brec -
cia. The con tact be tween the granodiorite and quartz-seri -
cite-ce mented hy dro ther mal brec cia has sub se quently been 
faulted (Fig ure 4C), but only mi nor dis place ment is ob -
served across the fault, and quartz veins are con tin u ous a
short way into the hy dro ther mal breccia from the
granodiorite.
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Fig ure 4. Geo logic map of the Pellaire area, show ing the lo ca tions of pho to graphs: A) one of the main quartz-veins (qv) hosted by the
Mount McLeod batholith at Pellaire; B) part of the hy dro ther mal brec cia at Pellaire, which con tains clasts from both the Mount McLeod 
batholith and the Falls River suc ces sion (Ar-Ar date of seri cite is pend ing for the hy dro ther mal brec cia ma trix); C) a faulted con tact
sep a rat ing the Mount McLeod granodiorite (grd) from the hy dro ther mal brec cia unit (hb) and D) ir reg u lar, in tru sive con tact be tween
the Mount McLeod granodiorite (grd) and an an de site of the Falls River suc ces sion.
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Fig ure 5. Geo logic map of the Mount McLure area show ing lo ca tions of pho to graphs: A) aplite dike (apl) cut ting the Mount McLeod
granodiorite (grd), B) con tact be tween the rusty Mount McLure pluton (mmp) and the grey Mount McLure pluton (mmu), C) ir reg u lar con tact
be tween the Mount McLure pluton (mmp) and the Mount McLeod granodiorite (grd), D) si lici fied fault zone (Ar-Ar date for seri cite from the
fault zone is pend ing).



On the west ern side of the prop erty, the Mount McLeod
batholith has an in tru sive con tact with the Falls River Suc -
ces sion (Fig ure 4D). The Falls River suc ces sion is highly
si lici fied prox i mal to this con tact, but there are no ob served
signs of brecciation.

Empress Deposit

The Em press de posit is clas si fied as a cop per por phyry de -
posit (Lam bert, 1991). Work was un der taken to map in de -
tail the al ter ation and min er al iza tion in the de posit and to
place tem per a ture, depth and age con straints on the con di -
tions of its formation.

The Em press de posit oc curs ap prox i mately 12 km to the
south east of Up per Taseko Lake, east of Gran ite Creek, just
above its junc tion with the Taseko River (Fig ure 3). The al -
tered and min er al ized zone ex tends out wards from the con -
tact with the Coast Plutonic Com plex into rocks in ferred to
be part of the Lower Cre ta ceous Tay lor Creek Group, and is 
un der lain by a por phy ritic gran ite, named the Em press
pluton for the pur pose of this study. There is no out crop ex -
posed in the vi cin ity of the de posit, thus in for ma tion on it is
lim ited to ex am i na tion of drill core. The Em press de posit
has been in ter preted as a por phyry cop per de posit; how -
ever, much of the re ported al ter ation in the area is also char -
ac ter is tic of high-sulphidization epi ther mal sys tems
(Osborne, 1999).  The Em press de posi t con tains
10 048 000 tonnes of 0.61 per cent cop per and 0.79 gram per 
tonne gold (MINFILE, 2007), with chalcopyrite being the
predominant ore mineral.

The only out crop ex po sure in the area oc curs in the gulley
around Gran ite Creek, just be yond the west ern mar gin of
the de posit. Six drillholes (89-3, 89-6, 90-17, 90-19, 90-22
and 90-30) from the 1989 and 1990 ex plo ra tion pro grams
on the prop erty by Westpine Met als Ltd. were logged and
sam pled in de tail (Fig ure 7). In drill core, three in tru sive
phases were dis tin guished, in clud ing a por phy ritic gran ite
and as so ci ated dikes, andesitic dikes and aplit ic dikes. Five
sep a rate al ter ation types were dis tin guished: their clas si fi -
ca tion was aided by SWIR anal y sis. The al ter ation types in -
clude clay-dom i nated, quartz-chlorite–dominated, quartz-
seri cite–dom i nated, quartz-dom i nated and quartz-mag ne -
tite–dom i nated. Quartz ap pears to be over printed by all
other al ter ation min er als, and chlorite ap pears to over print
mag ne tite. Up to sev eral per cent py rite and chal co py rite
oc cur in all al ter ation phases, but the highest sulphide
grades occur within quartz-magnetite alteration.

The Gran ite Creek unit crops out west of the Em press de -
posit in the gulley sur round ing Gran ite Creek (Fig ure 5). It
is com posed of feld spar-phyric dacite and as so ci ated
volcaniclastic rocks and in ter preted to be part of the Tay lor
Creek Group (Jeletzky and Tip per, 1968; Mc Laren, 1990;
Schiarizza et al., 1997). It is in ferred to be the host li thol ogy 
of the Empress deposit.

The Em press pluton un der lies the zone of in tense al ter ation
and min er al iza tion at the Em press de posit. Prox i mal to the
de posit, the pluton does not crop out at the sur face and is
only vis i ble in drill core. Sim i lar rock types crop out in
Gran ite Creek south west of the de posit and on the ridge
above it to the south east, and are in ter preted to be part of the 
same in tru sive phase. The pluton is com posed of por phy -
ritic hornblende-bi o tite gran ite, with quartz and feld spar
pheno crysts rang ing from 0.5 to 1 cm in size (Fig ure 7H).
Hornblende tends to be vari ably al tered to bi o tite, which is
then in turn vari ably al tered to chlorite. The groundmass of
the in tru sive rock is also vari ably al tered to K-feld spar.
Small dikes of the in tru sion are ob served in drill core of the
over ly ing rocks and pos sess sim i lar al ter ation styles. The
Em press pluton is lo cally a host to min er al iza tion, but fur -
ther in ves ti ga tion is re quired to establish whether it has any
causative role in mineralization.

A sim i lar por phy ritic monzonite oc curs in the Em press and
Mount McLure ar eas and is in ter preted to be from the same
in tru sive phase as the pluton that un der lies the Em press de -
posit, al though more de tailed study is re quired to con firm
this in ter pre ta tion. It con sists of about 40% euhedral feld -
spar laths rang ing from 5 to 10 mm in size, and 15% mafic
pheno crysts (bi o tite and hornblende vari ably al tered to
chlorite) in a grey, apha ni tic groundmass. It of ten con tains
mi nor amounts (up to 5%) of dis sem i nated mag ne tite
and/or he ma tite. The por phy ritic monzonite cuts the Mount 
McLeod batholith, but is cut by other porphyritic dikes in
the area.

Clay-dom i nated al ter ation of the Em press de posit is char -
ac ter ized by blotchy, in ter min gling lay ers and patches of
paragonite, mont mo ril lo nite, halloysite, pyrophyllite,
dickite, kaolinite (Fig ure 7A). These zones typ i cally also
con sist of sig nif i cant quartz and Fe-ox ide, but are com -
posed of at least ca. 30% clay min er als. Fe-ox ide, car bon ate 
and gyp sum veinlets, as well as clay frac ture coat ing, are
ob served in clay-dom i nated al ter ation. Clay-dom i nated al -
ter ation tends to host the low est con cen tra tion of py rite and
chalcopyrite out of any alteration type.

Quartz-chlorite–dom i nated al ter ation con sists of at least
10% chlorite in a quartz-dom i nated rock (Fig ure 7B).
Chlorite can be patchy, dis sem i nated or grade in as veinlets. 
Mi nor amounts of illite are also pres ent in quartz-chlorite
al ter ation. Mag ne tite and he ma tite are pres ent in vari able
pro por tion with chlorite, and grade into quartz-mag ne tite–
dom i nated al ter ation. Gyp sum and Fe-ox ide veinlets typ i -
cally cut quartz-chlorite alteration.

Quartz-seri cite–dom i nated al ter ation is char ac ter ized by
one or more phases of quartz al ter ation that ap pear to have
been weakly to mod er ately over printed by illite-dom i nated
al ter ation (Fig ure 7C). Illite oc curs as blebs or patches
within the quartz al ter ation and com prises at least 10% of
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Fig ure 6. Cross-sec tion of the Em press de posit con structed from the al ter ation map ping (in con junc tion with in for ma tion from SWIR
anal y ses) from the drill holes in di cated. Lo ca tions of pho to graphs are in di cated on the cross-sec tion: A) blotchy quartz-seri cite-dom i -
nated al ter ation (Ar-Ar date of seri cite is pend ing), B) a quartz-dom i nated brec cia with dark grey quartz clasts and light grey quartz ma -
trix, C) rel a tively uni form quartz-mag ne tite–dom i nated al ter ation, D) mag ne tite-ce mented, quartz-mag ne tite brec cia, E) K-feld spar-al -
tered por phy ritic gran ite of the Em press pluton.



the rock. Illite and Fe-ox ide veinlets and frac ture coat ing
are typ i cally pres ent in quartz-seri cite–dom i nated al ter -
ation. Quartz-seri cite al ter ation can also show gradational
changes into both clay-dom i nated and quartz-dom i nated
al ter ation, and is in ferred to be an in ter me di ate alteration
style between the two.

Quartz-dom i nated al ter ation is char ac ter ized by one or
more gen er a tions of quartz co ex ist ing in the same rock
(Fig ure 7D). These sep a rate quartz phases vary from milky, 
to clear, to light and dark grey phases. They co ex ist as ei ther 
sep a rate zones of blotchy or patchy, un even al ter ation, or
can oc cur as brecciation with one or more phases com pris -
ing the clasts of the brec cia, and the other com pris ing the
ma trix. For this study, quartz-dom i nated al ter ation is de -
fined to be at least 90% quartz. This al ter ation phase typ i -
cally con tains small amounts of mag ne tite, he ma tite,
chlorite or illite. It may also con tain small Fe-ox ide veinlets 
and quartz-cemented fractures.

Quartz-mag ne tite al ter ation is char ac ter ized by at least
10% mag ne tite over print ing quartz-dom i nated al ter ation
(Fig ure 7E). Mag ne tite has a dis sem i nated or banded oc -
cur rence, and also oc curs as the ma trix of a quartz-mag ne -
tite brec cia. It can grade in as dense mag ne tite and he ma tite
vein ing in quartz-dom i nated al ter ation. In tense quartz-
mag ne tite al ter ation may con sist of up to 90% mag ne tite.
This al ter ation type also tends to host the high est grades of
ore (up to 40% dis sem i nated chal co py rite in dis crete
zones). Py rite and chal co py rite also oc cur as veinlets cut -
ting quartz-mag ne tite al ter ation. Chlorite also ap pears to
vari able re place mag ne tite and he ma tite and cer tain zones.
This can re sult in a gradational change in alteration style
from quartz-magnetite to quartz-chlorite.

The Em press de posit is cut by at least two gen er a tions of
post-min er al iza tion dikes. One gen er a tion is slightly to
mod er  ately chlori te-car  bon ate–al  tered,  sparsely
plagioclase-phyric andesitic dikes (Fig ure 7F). These dikes 
tend to host sig nif i cant car bon ate vein ing. They vary from
less than 1 to greater than 10 metres in ap par ent thick ness in 
drill core, and are in ter preted to have been emplaced post-
min er al iza tion be cause of the lack of sig nif i cant hy dro ther -
mal al ter ation and min er al iza tion ob served in them rel a tive
to the rocks that they in trude. The other set of dikes are fine-
grained, pink, feld spar-dom i nated, aplit ic dikes (sim i lar to
those de scribed in the Lo cal Ge ol ogy sec tion) that con tain
dis sem i nated Fe-ox ide (Fig ure 7G). No cross-cut ting re la -
tion ships were ob served be tween the two gen er a tions of
dikes, but the aplite dikes are in ter preted to be emplaced
late- to post-min er al iza tion and are there fore older than the
andesitic dikes. This in ter pre ta tion is based on the higher
Fe-oxide content and higher degree of alteration observed
in the aplite dikes.

Taylor-Windfall Deposit

The Tay lor-Wind fall de posit is clas si fied as a high grade
epi ther mal gold-sil ver vein de posit (Lane, 1983). The de -
posit was mapped at scales of 1:5 000 and 1:10 000 with the
aim of char ac ter iz ing the in tense al ter ation zones pres ent in
the vi cin ity of the de posit and to iden tify any struc tural con -
trols on the al ter ation and min er al iza tion. Re sults from
field and lab o ra tory work will pro vide in sights into the con -
di tions of for ma tion of the Tay lor-Wind fall de posit and
possible links with the Empress deposit.

The Tay lor-Wind fall de posit is a past-pro duc ing, vein-
hosted gold de posit. It oc curs within the Up per Cre ta ceous
Powell Creek For ma tion (Price, 1986). Pro duc tion re cords
show that 555 tonnes of ore were mined in 5 years:
14 525 grams of gold and 156 grams of sil ver were re cov -
ered from this ore. The de posit is lo cated in the gulley sur -
round ing Bat tle ment Creek just above its junc tion with the
Taseko River; ap prox i mately 15 km south east of Up per
Taseko Lake (Fig ure 3). Hy dro ther mal al ter ation of the
host rock is dom i nated by min er als char ac ter is tic of ad -
vanced argillic al ter ation (co run dum, an da lu site,
pyrophyllite, alu nite, dickite, kaolinite) and sili ci fi ca tion
(Price, 1986). Known min er al iza tion is largely re stricted to
two dis crete veins: one, sul phide-dom i nated and one, tour -
ma line-dom i nated (Lane, 1983). The oc cur rence of ore
min er als in clud ing chal co py rite, ten nan tite, en ar gite,
sphalerite, ga lena and na tive gold, to gether with the
a l te ra t ion  minera logy,  i s  sugges t ive  of  a  h igh-
sulphidization epithermal system.

The un der ground work ings at the Tay lor-Wind fall de posit
were in ac ces si ble dur ing field work. As a re sult, sam pling
and map ping were re stricted to lim ited sur face ex po sures,
and in cor po rated log ging of drill hole 84-03 from an 1984
ex plo ra tion pro gram by Westmin Re sources. The Powell
Creek For ma tion un der lies the re gion north of the
Tchaikazan fault on the north side of Taseko Val ley (Fig -
ure 6). These rocks were orig i nally as signed to the Powell
Creek For ma tion by Mc Laren (1990). Maxon (1996) doc u -
mented ages for the Powell Creek For ma tion that ranged
from 94.6 ±6.6 Ma and 95.9 Ma at its base to 78.95 ±4.1 Ma
upsection. The base of the for ma tion is in truded by the
Dick son-McClure batholith, which has been dated at 92 Ma 
(Parrish, 1992). The Powell Creek For ma tion is in ferred to
host the Tay lor-Wind fall de posit (Price, 1986). The ma jor -
ity of the rocks ex posed at the sur face and in drill core are
in tensely al tered, how ever, and it was not pos si ble dur ing
this study to discern the protolith and therefore to confirm
the hostrock.

The ma jor ity of the al ter ation ob served in the gulley around 
the Tay lor-Wind fall de posit ex hib its some de gree of frac -
ture con trol (Fig ure 6A). As a re sult, vari a tions in al ter ation 
style and in ten sity are eas ily ob served, de pend ing on prox -
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im ity to per va sive frac tures at the out crop scale. Com mon
al ter ation as sem blages ob served are vug gy quartz±py rite
(Fig ure 6B), quartz-seri cite-py rite, and quartz-chlorite-
seri cite. Illite, paragonite, halloysite, kaolinite and dickite
are com mon clay min er als as so ci ated with the quartz-seri -
cite-py rite and quartz-chlorite-seri cite al ter ation phases.
Dis sem i na tion and vein ing of tour ma line is also ob served
in con cen tra tions up to 10%. Dis crete zones of hy dro ther -
mal brecciation are also ob served in sur face ex po sures
(Fig ure 6C). These zones are less than ca. 2 m thick and are
ce mented by quartz-illite-palygorskite. On the ridge to the
east and above the de posit, sig nif i cant quartz-alu nite al ter -
ation is pres ent (Fig ure 6D). This al ter ation also ap pears to
be con fined to a few tens of metres on ei ther side of a
marked frac ture or fault zone, and is characteristic of
leached cap alteration that commonly overlies epithermal
systems.

Mount McLure Area

The con tact be tween the Coast Plutonic Com plex and the
southeast Coast Belt was stud ied mainly in the Mount
McLure area, be tween the Em press and Pellaire de pos its
(Fig ure 3). This work was done in or der to iden tify the dif -
fer ent in tru sive phases that oc cur along the mar gin of the
Coast Plutonic Com plex, and to de ter mine any po ten tial re -
la tion ship among the in tru sive phases, al ter ation zones, and 
ob served min er al iza tion. Sep a rate lith o logical units, al ter -
ation zones and in tru sive were iden ti fied, mapped and
sampled (Figure 5).

In tru sive phases in the Mount McLure area in clude por phy -
ritic plagioclase-hornblende-pyroxene por phyry (named
the Mount McLure pluton for the pur poses of this study),
aplit  ic to por phy rit ic bi o ti te-hornblende gran ite,
porphyritic plagioclase diorite, and the Mount McLeod
granodiorite. A zone of in tense al ter ation in the west ern
area of Mount McLure is cen tred on the Mount McLure
pluton. There is a sharp con tact in the wes tern most part of
the area, marked by a sharp change in col our and al ter ation
style (Fig ure 5A). This con tact is in ferred to re sult from pri -
mary lithological dif fer ences be tween the units prior to the
al ter ation event. The Mount McLure pluton is ob served to
in trude the Mount McLeod granodiorite (Fig ure 5B).
Aplite dikes are com mon within the Mount McLeod
batholith (Fig ure 5C) and at the Em press de posit in the
Gran ite Creek unit. A sub-ver ti cal fault zone trends south-
south east through the cen tre of the Mount McLure area.
The rocks within the fault zone are vari ably si lici fied and
fo li ated (Fig ure 5D). The fault is in ter preted to have acted
as a con duit for hy dro ther mal flu ids, re sult ing in in tense al -
ter ation of the rocks within the zone. Mafic dikes cut the
fault zone, and run par al lel to the trend of the fault. These
dikes are there fore in ferred to have intruded after the
deformation and silicification events.

Discussion and Future Work

The southeast Coast Belt hosts sev eral pro spec tive and
past-pro duc ing min eral de pos its, in clud ing the Bralorne
( M I N F I L E  0 9 2 J N E  0 0 1 ) ,  P i  o  n e e r  M i n e s
(MINFILE 092JNE 004), and Pros per ity de pos its
(MINFILE 092O 041). The Bralorne and Pi o neer Mines
de pos its are lo cated ap prox i mately 50 km south east of the
Taseko Lakes area, and to gether rep re sent Brit ish Co lum -
bia’s larg est his tor i cal gold pro duc ers (Bellamy and Ar -
nold, 1985; Fig ure 2). These de pos its and sim i lar ones to
the south are vein-hosted mesothermal gold de pos its. The
Bralorne min ing area was in op er a tion from the late 1920s
to the early 1970s, dur ing which it pro duced over 4 mil lion
ounces of gold (Sanche, 2004). The Pros per ity de posit, for -
merly known as Fish Lake, is a de vel oped por phyry Cu-
Mo-Au pros pect. It is sit u ated ap prox i mately 30 km north
of the Taseko Lakes re gion and most re cent in for ma tion
gives an es ti mated mea sured and in di cated re source of
491 mil lion tonnes grad ing 0.43 grams per tonne gold and
0.22 per cent cop per (Brommeland and Wober, 1999). The
Bralorne area is lo cated more or less along strike with the
Taseko Lakes area, and has a min er al iza tion age con -
strained at 85.7 ±3 Ma by a K-Ar date from hornblende
within a syn-post mineralization hornblende porphyry dike
(Ash, 2001).

The Em press, Pellaire and Tay lor-Wind fall de pos its all
show dif fer ent styles of min er al iza tion and al ter ation, but
oc cur in sim i lar geo logic set tings. The con nec tion, if any,
among the de pos its re mains un clear, but lab o ra tory stud ies
dur ing the win ter of 2007–2008 should help to better un -
der stand the P-T con di tions of for ma tion and the ages of
min er al iza tion. If there is a tem po ral link among the de pos -
its, it is pos si ble that they are in some way ge net i cally
linked and may be a part of the same sys tem, with lo cal dif -
fer ences per haps re flect ing lo cal vari ances in depth of for -
ma tion in the crust, or rel a tive con tri bu tions of mag matic
fluids versus buffering due to crustal interactions of fluids.

Lab o ra tory work will also pro vide more in for ma tion on
lith o logical com po si tions and al ter ation min er al ogy, as
well as pro vide in sight into age re la tion ships be tween sep a -
rate al ter ation and in tru sive phases. Fur ther study of fluid
in clu sions and thermochronological data will pro vide in -
sight into tem per a tures and depths of min er al iza tion for the
de pos its stud ied. From these data, it is an tic i pated that the
min eral de pos its within the Taseko Lakes re gion will be
placed into a re gional geo logic con text and a model for
mineralization of the area can be developed.
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Fig ure 7. Ge ol ogy of the Tay lor-Wind fall and Bat tle ment Ridge ar eas, show ing lo ca tions of pho to graphs: A) marked changes in al ter ation 
in ten sity in ferred to be frac ture-con trolled; B) hy dro ther mal brec cia (hb) cut ting an de site of the Powell Creek For ma tion (an Ar-Ar date of
seri cite is pend ing for the hy dro ther mal brec cia); C) red stain ing on frac tures in an in tensely si lici fied, vug gy unit; D) per va sive, bright or -
ange, in tense quartz-allunite al ter ation prox i mal to a fault-frac ture zone on Bat tle ment Ridge, in dic a tive of leached cap en vi ron ments.
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Introduction

Lay ered in tru sions iden ti fied in the Conuma River re gion
of the Nootka Sound area (Mar shall et al., 2006) be came
the sub ject of a de tailed study dur ing 2007. The lay ered in -
tru sions con sist of al ter nat ing cy clic ultra mafic and mafic
units of peridotite and gab bro. Field work also in cluded ad -
di tional re gional geo log i cal map ping of the Gold River area 
(NTS 092E/16). This re port con tains an up dated pre lim i -
nary geo log i cal map of the Nootka Sound re gion and a
cross-sec tion through the re gion mapped dur ing the sum -
mers of 2004–2007. This map also shows localities with
new Ar-Ar dates.

Regional Geology

Mul ler et al. (1981) com piled his work and the work of oth -
ers iden ti fy ing the Westcoast Crys tal line Com plex as con -
sist ing of rocks rang ing up to am phi bo lite meta mor phic fa -
cies. It was de scribed as a “het er o ge neous as sem blage of
a m  p h i  b o  l i t e  a n d  b a  s i c  m i g m a t i t e  w i t h  m i  n o r
metasedimentary and meta vol can ic rocks of greenschist
meta mor phic grade.” Sub se quent work (Mar shall et al.,
2005, 2006) re vealed a lack of rocks of am phi bo lite grade.
In stead, it con firmed the oc cur rence of units that are cor re -
la tive with units iden ti fied in the south ern por tion of Van -
cou ver Is land. The ex posed rocks of the Nootka Sound re -
gion ap pear to have a max i mum re gional meta mor phic
grade of mid dle greenschist fa cies. Con tact meta mor phic
ef fects are high est near the Ju ras sic and Eocene in tru sive

rocks, where migmatite has been observed (Muller et al.,
1981).

Mul ler et al. (1981) des ig nated a huge por tion of the
Nootka Sound re gion as Westcoast Crys tal line Com plex.
Massey et al. (2005) iden ti fied the same por tion of the re -
gion as Pa leo zoic to early Me so zoic un di vided gra nitic
rocks and lower am phi bo lite–kyan ite grade meta mor phic
rocks. This work mod i fied the ear li est maps, which had di -
vid ing the re gion into the Mooyah For ma tion (Mar shall et
al., 2006), Mount Mark For ma tion (Massey, 1991; Yorath
et al., 1999) and granodiorite, diorite and gab bro of the Ju -
ras sic Is land In tru sive Suite. Nam ing poly gons on the map
was based on the dominance of a rock type in the area.

The geo log i cal map of the Nootka Sound area (Fig ure 1)
com piles data from geo log i cal map ping in 2004–2007
(Close, 2006; Mar shall et al., 2006). The map also uses data
from Mul ler et al. (1981) and Massey et al. (2005),
airphotos, Land sat im ages and maps with aero mag net ic
anom a lies (BC Geo log i cal Sur vey, 2007) to in fer in for ma -
tion on re gional ge ol ogy and struc ture for inaccessible
areas.

Layered Ultramafic and Mafic Rocks

Occurrence and Previous Work

The first men tion re gard ing the oc cur rence of plutonic
rocks of mafic na ture in the Nootka Sound re gion co mes
from Mul ler et al. (1981). These were iden ti fied as
melanosome, de scribed as “plagioclase am phi bo lites with
granoblastic tex ture and com po si tions of diorite, gab bro,
quartz diorite and quartz gab bro” (Mul ler et al., 1981, p.
20), and were in cluded as part of the Westcoast Crystalline
Complex.
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Fig ure 1. Ge ol ogy of the Nootka Sound re gion (mod i fied af ter Mul ler et al., 1981; Massey et al., 2005; Mar shall et al., 2006). The map shows 
new Ar-Ar dates on plutonic rocks. The black rect an gle de picts an area of de tailed map ping that is also in ter sected by the cross-sec tion A–
B. Lay er ing in in tru sions in cross-sec tion is shown by dashed par al lel lines, based on the as sump tion that more lay ered in tru sions out crop in 
the area with sim i lar strike and dip. Some faults were in ferred from Land sat im ages. Ab bre vi a tions: C, Cy press Creek; L, Leagh Creek; N,
Norgate Creek.



An other brief de scrip tion of ultra mafic and mafic rocks co -
mes from the work of Isachsen (1987), who de scribed the
ge ol ogy of the area around Meares Is land. Isachsen (1987)
iden ti fied out crops within the Westcoast Crys tal line Com -
plex on Meares Is land as a unit of early Ju ras sic or older
Westcoast am phi bo lite. This unit is char ac ter ized by “me -
dium to coarse grained granoblastic diorite and uralitized
gab bro with granoblastic tex ture to fine-grained, well
lineated am phi bo lite gneiss. In places the am phi bo lite has a
dis tinc tive spot ted tex ture pro duced by rounded, 1–3 cm di -
am e ter hornblende megacrysts in a finer grained am phi bo -
lite ma trix. In some places megacrysts are aligned like
beads on a string, yield ing an even more strik ing tex ture,
rem i nis cent of a cumulate” (Isachsen, 1987, p. 2049).

Isachsen (1987) also de scribed am phi bole as a re place ment
prod uct af ter pyroxene, in di cat ing a gabbroic par ent age
with 5–50% plagioclase of an de sine to lab ra dor ite com po -
si tion; bi o tite is rare and quartz is ab sent. The sam ple also
shows a rel a tively high nickel con cen tra tion (56–211 ppm), 
sug gest ing der i va tion from mafic igneous rocks.

Isachsen (1987) also iden ti fied Early to Mid dle Ju ras sic
gab bro and peridotite as “iso lated dike like masses of
uralitized gabbroic rock near the cen tral part of Lemmens
In let” (Isachsen, 1987, p. 2050). He de scribed this rock
type as a “me dium to coarse grained unfoliated, gran u lar
gab bro-peridotite with 50% poikilitic augite with
plagioclase in clu sions and fi brous uralitized rims, 25% to
35% of en sta tite and ol iv ine re placed by ser pen tine, 10% of
saussuritized bytownite, 3% of hornblende, 2% to 5% of
chro mite and mag ne tite and mi nor chlorite.” Sargent
(1941) de scribed sim i lar rocks from a lo cal ity near the
Bedwell River in trud ing the Jurassic Bedwell batholith.

The work of DeBari et al. (1999) in the Alberni area and
Bro ken Is lands area in cludes a de scrip tion of a gab bro-
peridotite unit within the Westcoast Crys tal line Com plex,
iden ti fied by Mul ler et al. (1981) and Isachsen (1987). The
ultra mafic and mafic rocks are grouped into two pyroxene–
hornblende gab bro, a pyroxenite and a sheared ser pen tin ite
of cu mu late na ture. Ad di tion ally, strongly fo li ated
hornblendite, hornblende gab bro, hornblende diorite,
tonalite and rare granodiorite are grouped into the diorite
unit of the Westcoast Crys tal line Com plex. Sam ples
yielded Ju ras sic ages, im ply ing that these rock units are
cogenetic with rocks of the Ju ras sic Is land In tru sive Suite
and Bo nanza vol ca nic rocks. They also show sim i lar
whole-rock geo chem is try. DeBari et al. (1999) also re -
ported an oc cur rence of ultra mafic cu mu late near Ken nedy
Lake with minimal aerial extent and uncertain origin.

Larocque and Canil (2006) pub lished pre lim i nary re sults
from field work in the Port Renfrew area, where they found
iso lated bod ies of ultra mafic plutonic rock, which they de -

scribed as peridotite, within the Westcoast Crys tal line
Complex.

Ultramafic Rocks and Local Geology of the
Conuma River Area

Lay ered in tru sions are ex posed in the Conuma River area,
along the C-50D log ging road. The ex tent of the area in
which they out crop is ap prox i mately 70 m by 450 m (Fig -
ure 2).

Two types of lay ered in tru sion are pres ent within this area.
The first type con sists of 20–50 cm thick, very coarse to
coarse-grained peridotite lay ers al ter nat ing with 20–30 cm
thick, me dium-grained gab bro lay ers (Fig ures 3 and 4).
The sec ond type com prises lay ers of very coarse grained
peridotite. The lay ers are dis tinct at out crop scale, prob a bly
due to to dif fer en tial weath er ing of cer tain lay ers. Nu mer -
ous out crops of the lay ered in tru sions were found in the
area.

The weath ered sur faces of the lay ered in tru sions are white
and green for me dium-grained gab bro and rusty brown for
very coarse grained peridotite. At some lo ca tions, weath er -
ing of very coarse grained peridotite is char ac ter ized by a
green-brown weath ered sur face. In other places, these
rocks can be iden ti fied by typ i cal sphe roi dal weath er ing, of
which the fi nal prod uct is brown soil. This is con sis tent
with the field ob ser va tions of Larocque and Canil (2006).

All out crops of the lay ered in tru sions have an av er age

strike of 040 ±20° and a dip of 50 ±10° south east. Other ig -
ne ous rock types in the area are fine- to coarse-grained gab -
bro–hornblende gab bro, fine- to me dium-grained diorite,
tonalite and plagioclase-phyric dacite.

Joint sets and lo cal faults are the ma jor struc tures in the
area. These strike ap prox i mately south east and dip steeply
south west. Lo cal faults are very nar row with slickensided
sur faces, with or with out fault gouge. They strike west-
north west and south west and dip steeply north-north east
and north west, re spec tively. The trend and plunge of the
slick en sides im plies hor i zon tal move ment along these
faults, but no off sets were ob served. These faults and hor i -
zon tal move ments along them re flect lo cal ad just ments of
blocks as a re sponse to the current transpressional regime.

In the south ern most por tion of the study area, a 20 m wide
shear zone with cataclastic-mylonitic fab ric trends east.
Due to strong de for ma tion along the shear zone, the
sheared rock can not be iden ti fied with any con fi dence.
How ever, the chloritic, green ap pear ance of the shear zone
and grad ual tran si tion into a very coarse grained peridotite
and me dium-grained gab bro im ply that shear might have
oc curred pref er en tially along the ultra mafic body. The zone 
is heavily frac tured, veined and chloritized. A por tion of
sheared gab bro shows plagioclase re placed by epidote and
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Fig ure 2. De tailed ge ol ogy of lay ered in tru sions in the Conuma River area. Lo ca tion marked by the black rect an gle on Fig ure 1.



2–4 mm gar net crys tals that are likely a prod uct of
metasomatism dur ing shear ing. A plagioclase-phyric
dacite dike, about 50 cm wide, par al lels the shear zone and
ap pears to be un af fected by the shear. This type of dike is
com mon in the study area and con tains 15% ran domly dis -
trib uted, euhedral plagioclase pheno crysts (2–15 mm) and
5% black hornblende pheno crysts (1–3 mm) in a green-
gray dacitic groundmass. The plagioclase pheno crysts
were sep a rated and dated by Ar-Ar. The re sults do not yield
a well-de fined pla teau but favour a Jurassic rather than
Eocene age.

Unit Description of Layered Intrusions

The Conuma phase (Mar shall et al., 2006) of the Is land In -
tru sive Suite con sists of two ma jor rock types, as pre vi -
ously men tioned. These are me dium-grained gab bro and

very coarse to coarse-grained peridotite. The peridotite is
tan weath er ing and dark green-black on fresh sur faces, with 
40% euhedral, un al tered ol iv ine (milli metre size), en closed 
in 45% poikilitic orthopyroxene (20 mm) and 10%
poikilitic hornblende (20 mm). Mi nor con stit u ents are
phlogopite, plagioclase and mag ne tite. The unit is strongly
mag netic. Con sid er ing hornblende as an al ter ation prod uct
of pyroxene, the orig i nal rock type was probably olivine
websterite.

The me dium-grained gab bro weath ers a light brown ish
green and is dark green-grey on the fresh sur face. It is an
equigranular holocrystalline rock with 60% euhedral green
hornblende (3 mm) and 40% euhedral white plagioclase
(3 mm). The unit is weakly mag netic, with sul phide min er -
als lo cally rang ing up to 5%.

Contact Relationships

Lay ered in tru sions out crop as iso lated blocks that ap pear
dis con tin u ous due to veg e ta tion and Qua ter nary cover. No
tec tonic or in tru sive con tacts be tween the lay ered in tru -
sions and coun try rocks have been ob served. Nor has any
lat eral or ver ti cal con ti nu ity been ob served be tween in di -
vid ual out crops. The lay ered peridotite unit is ob served in a
num ber of out crops, ei ther ex clu sively or as cy clic units of
very coarse grained peridotite and me dium-grained gab -
bro. Rep e ti tion of both units oc curs on a scale of ap prox i -
mately 20 cm. The lay er ing is not as ob vi ous at ad ja cent
out crops, but it is still oc ca sion ally pres ent in the coarse-
and me dium-grained gab bros. This less dis tinc tive lay er ing 
is prob a bly due to a sub tle modal and grain-size change
within a sin gle unit. Gab bro with less dis tinc tive lay er ing
grades into nonlayered gab bro with vari able grain sizes and 
modal abun dances. Where the plagioclase con tent in
nonlayered gab bro in creases, it re sults in hornblende gab -
bro and hornblende diorite. Patches, pods, lenses, zones
and bands of hornblende gab bro and hornblende diorite at
the centi metre to metre scale are com mon in the nonlayered
gab bro (Fig ures 5 and 6). The nonlayered gab bro is in sharp 
con tact with a me dium-grained diorite in tru sion that in -
trudes the gab bro. The con tact be tween gab bro and the
diorite in tru sion was ob served in three out crops and tends
to have a general northerly trend that is subparallel to the
strike of the layers within the layered intrusions.

Con tacts within the lay ered in tru sions and with the
nonlayered gab bro are abrupt and are based on dif fer ences
in grain size and/or phase abun dances. Con tacts be tween
lay ers fol low a gen er ally pla nar trend with lo cal ir reg u lar i -
ties. Con tacts be tween tonalitic dikes and ultra mafic/mafic
rocks are sharp. Con tacts be tween me dium-grained diorite
and ultra mafic/mafic rocks are dom i nantly sharp. Con tacts
be tween tonalite and me dium-grained diorite are also
dominantly sharp.
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Fig ure 3. Very coarse grained peridotite from the Conuma River
area. This unit is dis tinc tive in the field, char ac ter ized by the tan
col our, strong mag ne tism and pit ted weath ered sur face with out -
lines of pyroxene-hornblende megacrysts.

Fig ure 4. Me dium-grained gab bro from the Conuma River area.
The unit dis plays typ i cal white–light grey weath er ing col our and is
as so ci ated with both the lay ered in tru sions and the gabbroic units
out ward from the lay ered in tru sions.



Textural and Structural Features

The cu mu late tex ture in the peridotite is char ac ter ized by
cu mu late ol iv ine crys tals in intercumulus crys tals of
pyroxene and hornblende. Plagioclase, if pres ent, is also
intercumulate. Field ob ser va tions in di cate that crys tal set -
tling by grav ity was one of the depositional mech a nisms
dur ing for ma tion of the lay ered in tru sions. The pres ence of
mag matic den sity cur rents in the magma cham ber dur ing
crys tal li za tion of the ultra mafic magma is ex hib ited by fea -
tures that re sem ble soft-sed i ment de for ma tion and con vo -
luted bed ding (Irvine, 1980). Sur faces of the me dium-
grained gab bro lay ers with al ready-set tled crys tals ap pear
to be dis turbed by lay ers of very coarse grained peridotite
sim i lar to scour marks in sed i men tary rocks. The dis rup tion 
of a par tially mol ten gab bro layer can re sult in par tial or

com plete sep a ra tion into a gab bro layer and a dense
peridotite crys tal mush. These sep a rated or dis rupted por -
tions then have the shape of lenses, pods and swirls, which
are usu ally vis i ble at out crop scale (Fig ures 7 and 8).

Geochronology

Mar shall et al. (2006) pub lished re sults of Ar-Ar
hornblende dat ing of the very coarse grained peridotite
unit. The dat ing sug gests that the ultra mafic in tru sions are
of Ju ras sic age (189.9 ±2.1 Ma). Ad di tional 40Ar-39Ar data
ob tained from the Ju ras sic in tru sions (Fig ure 1) are listed in 
Ta bles 1 to 4, and the cor re spond ing spec tra are shown in
Figure 9.
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Fig ure 5. Coarse-grained hornblende gab bro from the Conuma
River area. This unit is char ac ter ized by well-de vel oped
hornblende crys tals sur rounded by plagioclase, giv ing the rock a
mot tled ap pear ance.

Fig ure 6. Peg ma titic pod, con sist ing of well-de vel oped hornblende 
and plagioclase crys tals. These pods are very com mon fea tures in
me dium-grained gab bro and oc cur ran domly within this unit.

Fig ure 8. De tail of the con vo luted bed ding ob served in the me -
dium-grained gab bro and very coarse grained peridotite within lay -
ered in tru sions of the Conuma River area. Ac cord ing to Irvine
(1974), the con vo luted lay er ing is a re sult of de for ma tion of crys tal-
mush lay ers dur ing em place ment.

Fig ure 7. Lay ered ultra mafic in tru sions in the Conuma River area,
show ing soft-sed i ment–like de for ma tion of the me dium-grained
gab bro unit.
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Table 1. 40Ar-39Ar data from sample DM05-20 (190.3 ±1.4 Ma), Jurassic Island Intrusive Suite.

Table 2. 40Ar-39Ar data from sample DM05-212A (189.9 ±2.1 Ma), Jurassic Island Intrusive Suite.

Table 3. 40Ar-39Ar data from sample DM05-162 (176.4 ±1.3 Ma), Jurassic Island Intrusive Suite.
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Table 4. 40Ar-39Ar data from sample DM05-121 (169.3 ±1.2 Ma), Jurassic Island Intrusive Suite.

Fig ure 9. 40Ar-39Ar gas re lease spec tra of four sam ples from the Ju ras sic Is land In tru sive Suite, cor re spond ing to the data in Ta ble 1. All
sam ples yield Ju ras sic pla teaus.



Mafic Rocks and Local Geology of the Norgate 
Creek Area

Mafic in tru sions of the Norgate Creek area are con tin u ous
out crops of steep cliffs that can be fol lowed for up to a kilo -
metre. This area shows both hor i zon tally and ver ti cally lay -
ered intrusions.

Hor i zon tally lay ered in tru sions ex hibit lay ers at centi metre
to milli metre scale and con sist of one rock type, a fine- to
me dium-grained gab bro that con sists of ap prox i mately
40% plagioclase and 60% pyroxene (±hornblende) crys -
tals. Lay ers are pla nar, well de fined at out crop scale and
prob a bly vis i ble due to dif fer en tial weathering (Figure 10).

Lat eral change along the out crop cliffs is marked by ir reg u -
lar and abrupt con tacts due to changes in modal com po si -
tions. No rep e ti tion in cy clic units or sed i men tary-type
struc tures were ob served in these mafic rocks at the out crop 
scale. Com mon rock types are very fine, fine- and me dium-
grained gab bro and hornblende gab bro. A scan ning elec -
tron mi cro scope im age of well-de vel oped and abun dant
mag ne tite grains from a me dium-grained hornblende gab -
bro unit was pub lished by Mar shall et al. (2006). Be sides
the mag ne tite abun dance, in ter est ing re place ment tex tures
are also pres ent in this gabbroic unit. The unit weath ers
dark grey and is black on fresh sur faces and equigranular,
con sist ing of 60% intercumulus hornblende with pyroxene
cores, 30% cu mu lus plagioclase and 10% cu mu lus ol iv ine
that is com pletely al tered to ser pen tine. The sam ple in thin
section shows a high degree of alteration (Figure 11).

In di vid ual gab bro types can be traced across dif fer ent out -
crops. These gab bro units in trude the Mooyah For ma tion,
which is strongly hornfelsed due to con tact meta mor phism. 
The hornfelsed Mooyah For ma tion con tains up to 20% sul -
phide min er als. No mas sive diorite in tru sions were found
in the Norgate Creek area.

Ultramafic and Mafic Rocks, and Local
Geology of the Cypress Creek Area

The Cy press Creek area is char ac ter ized by iso lated ultra -
mafic bod ies within mafic phases of me dium-grained
diorite and by the pres ence of a very dis tinc tive ultra mafic
brec cia (Fig ure 12).

The mafic unit is a coarse-grained ol iv ine gab bro. It is black 
on the weath ered sur face and green ish black on the fresh
sur face. It con sists of 80% hornblende/pyroxene crys tals
(5–15 mm) en clos ing 10% anhedral ol iv ine crys tals (1 mm) 
and 10% al tered plagioclase (5–8 mm). The unit is strongly
magnetic.
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Fig ure 10. Fine lay er ing in the gabbroic rocks from the Norgate
Creek area. The lay er ing is best ob served on the weath ered sur -
face.

Fig ure 11. Pho to mi cro graph of me dium-grained hornblende gab -
bro from the Norgate Creek area. Ol iv ine al tered to ser pen tine and
saussuri t iz ied plagioclase are cu mu lus crys ta ls wi th in
intercumulus zones of serpentinized pyroxene with fresh
hornblende rims. Low in ter fer ence colours (crossed polars) are
due to thin ning of the thin sec tion at its edge.

Fig ure 12. Ultra mafic brec cia from the Cy press Creek area shows
a very dis tinc tive brecciation of ultra mafic rocks into an gu lar clasts.
Sul phide-rich min er al ized clasts are chloritized peridotite and
coarse-grained gab bro en closed in a leucocratic ma trix of quartz
and plagioclase.



The out crop of ultra mafic brec cia is 150 m long and trends
north east. Me dium-grained diorite in trudes Karmutsen
vol ca nic rocks and peridotite at its north east end. Diorite
dikes brecciate peridotite in the cen tral por tion of the out -
crop and tonalite dikes brecciate peridotite at its south west
end. The ultra mafic brec cia con sists of 10–50 cm, an gu lar
to rounded, de formed, frag mented, heavily veined, rusty-
weath er ing and dark green fresh peridotite clasts. Very
coarse grained peridotite is com posed of 50% intercumulus 
hornblende or pyroxene (15–20 mm), 45% cu mu lus ol iv ine 
crys tals (1 mm) and 5% intercumulus plagioclase (2 mm).
This unit is mag netic, with up to 15–20% sul phide clus ters
con sist ing of crys tals of pyrrhotite and other sul phide min -
er als (up to 10 mm). Sul phide clus ters were also found
within the dikes.

Me dium- to coarse-grained equigranular hornblende
diorite in trud ing ultra mafic rocks weath ers dark grey and is
black and white on the fresh sur face, with 50% hornblende
crys tals (2–3 mm) and 50% plagioclase crys tals (2–3 mm).

Ultramafic Rocks and Local Geology of the
Leagh Creek Area

Pyroxene-hornblende gab bro is dark grey on fresh and
weath ered sur faces. It is a me dium-grained rock with 40–
45% pris matic, euhedral black pyroxene and dark green
hornblende crys tals (1–2 mm), 55–60% subhedral
plagioclase crys tals (1–2 mm) and ap prox i mately 2% sul -
phide min er als. This gab bro is mag netic with milli metre- to 
centi metre-size feld spar-quartz-epidote al ter ation veins.
The gab bro is also in truded by me dium-grained hornblende 
diorite and by north-strik ing, mod er ately dip ping andesitic
dikes. The an de site weath ers a me dium grey-green and is
me dium grey on the fresh sur face. It is recrystallized in
some lo ca tions, com pris ing 1 mm grains of plagioclase,
quartz and al tered hornblende with oc ca sional pheno crysts
of black idiomorphic pyroxene. It contains up to 2%
sulphide minerals.

Potential for Platinum-Group-Element
Mineralization

Plat i num-group-el e ment (PGE) min er al iza tion in lay ered
in tru sions as so ci ated with con ti nen tal magmatism has been 
ob served in a num ber of lo cal i ties world wide, such as the
Bushveld and Stella in South Af rica, the Stillwater in the
United States and many other lay ered in tru sions
(Prendergast, 2000; Maier et al., 2003). All have a tholeiitic 
chem i cal sig na ture and rep re sent two types of lay ered in -
tru sion with PGE min er al iza tion. The ‘Bushveld type’ is a
large in tru sion with PGE min er al iza tion at deeper lev els,
where the PGEs are as so ci ated with chro mite. The ‘Stella
type’ is a small in tru sion in which PGE min er al iza tion is
found at shal low lev els and in as so ci a tion with mag ne tite
(Maier et al., 2003). Al though the Conuma lay ered ultra -
mafic rocks are more likely as so ci ated with is land-arc

magmatism, they may still be prospective for Stella-type
PGE mineralization.

Mar shall et al. (2006) pub lished Pt, Pd, Au and Cu anal y ses
from the mag ne tite-rich sam ple of the me dium-grained
hornblende gab bro in tru sion from the Norgate Creek area.
The val ues re ported were rel a tively low, com pared to a
sam ple of fine-grained, non mag netic gab bro from the same
area, col lected and as sayed by pros pec tor E. Specogna. Mr.
Specogna re leased as say re sults in his open file re port,
which shows anom a lous val ues for Pt, Pd and Ni
(Specogna and Specogna, 2003).

Plat i num-group-el e ment min er al iza tion can be cor re la tive
with Ni, Au and Cu, and can be also as so ci ated with mag ne -
tite or chro mite (Prendergast, 2000; Maier et al., 2003). Un -
der stand ing the con di tions of crys tal li za tion in the magma
cham ber and con sid er ing a pres ence and/or ab sence of cer -
tain min er als/met als can lead to a rea son able in ter pre ta tion
of PGE pre cip i ta tion depths within the Conuma River and
Norgate Creek in tru sions. The el e ments Os, Ir, Ru and Rh
be have as com pat i ble el e ments and tend to par ti tion into
spinel or ol iv ine dur ing early stages of magma crys tal li za -
tion, and thus tend to be con cen trated in deeper por tions of
in tru sions. The el e ments Pt, Pd, Cu and Au can also pre cip i -
tate dur ing early crys tal li za tion of magma and as so ci ate
with chro mite. If the magma is S-undersaturated, these el e -
ments be have in com pat i bly and tend to stay in the melt un til 
the magma reaches S and Fe-ox ide sat u ra tion. Then they
pre cip i tate in as so ci a tion with mag ne tite with (or with out)
sul phide min er als dur ing the later stages of magma crys tal -
li za tion at shal low lev els (Maier et al., 2003). Additional
geochemical studies are underway to further evaluate the
PGE potential of these rocks.

The Conuma lay ered in tru sions are mag ne tite rich, es pe -
cially the very coarse to coarse-grained peridotite unit, and
they may rep re sent shal low lev els of an in tru sion. It is be -
lieved that PGE min er al iza tion at shal low lev els fa vours a
con tri bu tion from man tle melts, es pe cially man tle plumes
and in volve ment of crustal as sim i la tion. A lack of crustal
as sim i la tion can re sult in early S sat u ra tion and PGE pre -
cip i ta tion at a deeper level within the in tru sion (Maier et al., 
2003). The geo chron ol ogy of the Conuma ultra mafic rocks
is con sis tent with the em place ment of the Ju ras sic Is land
In tru sive Suite. Thus, there is the pos si bil ity that PGE el e -
ments could pre cip i tate both at deeper lev els within the in -
tru sion (due to arc crust con tam i na tion) and at shallow
levels (due to association with magnetite-rich layers).

Discussion

Jack son (1971) sum ma rized in for ma tion on dif fer ent types
of ultra mafic in tru sions world wide. The clos est anal ogy to
Conuma lay ered in tru sions is ‘Alas kan peridotite’, which
also has an a logues in the Urals, Rus sia and in the Tulameen
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re gion of BC. These ultra mafic in tru sions share sim i lar
characteristics, such as

• be ing re stricted to is land arcs;

• synorogenic or postorogenic em place ment;

• as so ci a tion with andesitic vol ca nism or granodioritic
in tru sions;

• de vel op ment of a meta mor phic au re ole;

• cy lin dri cal zonation, with ultra mafic rocks in the cen tre
grad ing out ward to mafic and in ter me di ate rocks such as 
gab bro, tonalite and granodiorite;

• the pres ence of ol iv ine, clinopyroxene and mag ne tite;

• mag ne tite-rich pyroxenite dikes;

• amphibolitized bor der rocks; and

• PGE en rich ment.

Ac cord ing Tay lor and No ble (1969) ‘Alas kan peri dot ites’
rep re sent cumulates from ultra mafic melts, form ing in un -
sta ble en vi ron ments with mul ti ple in jec tions of ultra mafic
crys tal mush that mixes prior so lid i fi ca tion. The oc cur -
rence of ultra mafic rocks with gab bros, diorites and
granodiorites sug gests that these rocks formed from ultra -
mafic melts of al ka line ba saltic or andesitic parentage
(Jackson, 1971).

Irvine (1967) showed a num ber of im ages of folded in tru -
sion lay ers, soft-sed i ment–like de for ma tion of in tru sion
lay ers, crossbedding and scours in lay ered in tru sions. The
de for ma tion and min er al ogy of the Conuma ultra mafic
rocks re sem bles some of Irvine’s images and rock types.

The Tulameen ultra mafic-gab bro com plex de scribed by
Findlay (1969) rep re sents a nonstratiform type of ultra -
mafic in tru sion in which ultra mafic in tru sions in trude each
other. This type more closely re sem bles ob ser va tions from
the Norgate ultra mafic in tru sions, which re cord at least
four intrusive events.

Larocque and Canil (2006) re ported a mica peridotite unit
from the Port Renfrew area on Van cou ver Is land.
Lithological and petrographic de scrip tion, as well as the as -
so ci a tion of mica peridotite with rocks of the Is land In tru -
sive Suite, im plies a sim i lar gen e sis for the Conuma and
Port Renfrew ultra mafic rocks. It also im plies that there
may be many more ultra mafic bod ies and in tru sions be -
tween Conuma and Port Renfrew that would be pro spec tive 
for PGE and Ni mineralization.

Ultra mafic and mafic in tru sions from the Gold River study
area will be ex am ined in de tail us ing data from whole-rock
and min eral geo chem is try in a man ner sim i lar to stud ies in
the Bor der Ranges of Alaska by Burns (1985) and DeBari
and Coleman (1989). Magma-frac tion ation mod el ling will
be used to find the com po si tion of par ent mag mas re spon si -
ble for crys tal li za tion of ultra mafic rocks and to find any
frac tion ation trends within the lay ered in tru sions and/or a
pet ro log i cal re la tion ship to the Ju ras sic diorite and

granodiorite. This study will also fo cus on in ter pre ta tion of
crys tal li za tion his tory, mech a nisms re spon si ble for
cumulate textures and emplacement of the layered
intrusions.
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Introduction

The Bridge River min ing dis trict in south west ern Brit ish
Co lum bia (Fig ure 1) is the larg est his tor i cal lode gold pro -
ducer in the Ca na dian Cor dil lera, with more than 128
tonnes (4.1 mil lion ounces) of gold pro duced be tween 1897 
and 1971 (Church, 1996). Most pro duc tion came from the
Bralorne-Pi o neer vein sys tem that yielded (Leitch, 1990)
ap prox i mately 7 mil lion tonnes of high grade ores av er ag -
ing 19.1 g/t (0.58 oz/t). Al though the dis trict is dom i nated
by Au veins, it also hosts a large num ber of Sb-dom i nant
and Hg-dom i nant min eral oc cur rences, whose dis tri bu -
tions form a gen eral east erly zonation (Pearson, 1975;
Woodsworth et al., 1977).

A num ber of geo log i cal mod els have been pro posed to ac -
count for both the sig nif i cant gold en rich ments near
Bralorne and for the re gional met al lo gen ic trends through -
out the Bridge River dis trict. De ter min ing the most ap pro -
pri ate model is im por tant as it can in flu ence the types and
ef fec tive ness of ex plo ra tion mod els and pro grams that are
uti lized, as well as in flu enc ing de ci sions about re gional
prospectivity, tar get ing and in vest ment. Cur rently, the in -
teg rity of ex ist ing mod els for the Bridge River dis trict suf -
fers from a lack of good geochronological constraints.

The ab so lute tim ing of for ma tion of gold orebodies at the
Bralorne-Pi o neer de posit, as well as for most de pos its
through out the Bridge River dis trict, is not pre cisely
known. In ad di tion, the tim ing of some of the nu mer ous and 

vol u met ri cally sig nif i cant plutonic events, such as those re -
spon si ble for the Coast Plutonic Com plex and the Bendor
plutonic suite, which may or may not play a sig nif i cant role
in gold for ma tion, is not pre cisely known. In or der to es tab -
lish tem po ral, and po ten tially ge netic, as so ci a tions with re -
gional mag matic, struc tural, and meta mor phic events, and
to place con straints on the na ture of the geo log i cal mod els
re spon si ble for the for ma tion of gold min er al iza tion at
Bralorne-Pi o neer de posit, new Ar-Ar age de ter mi na tions
on al ter ation and gangue min eral phases from the gold
veins are pre sented in this pa per. Be cause the Bendor
batholith is the near est, larg est, and there fore the most sig -
nif i cant mag matic and ther mal fea ture ad ja cent to the
Bralone-Pi o neer gold de posit, con ven tional U-Pb and
SHRIMP U-Pb age de ter mi na tions on zir cons, as well as
Ar-Ar de ter mi na tions, are pre sented to as sess the
batholith’s crys tal li za tion and cool ing his tory. These data
al low es tab lish ment of new constraints on the various
interpretative models for the formation of the Bralorne-
Pioneer gold veins.

Regional Geology

The Bridge River dis trict is in the struc tur ally com plex re -
gion be tween the south east ern Coast Belt and the ad ja cent
intermontane ter ranes. In this re gion, the Mis sis sip pian to
Mid dle Ju ras sic accretionary com plexes of oce anic ba salt
and gab bro and re lated ultra mafic rocks, chert, ba salt, shale 
and argillite of the Bridge River Terrane are jux ta posed
with Late Tri as sic to Early Ju ras sic is land arc vol ca nic
rocks and mostly ma rine, arc-mar ginal clastic strata of the
Cadwallader Terrane. These as sem blages are vari ably
over lain, mostly to the north, by clastic, mostly non-ma rine
suc ces sions be long ing to the Jurassic-Cretaceous
Tyaughton Basin.
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The re gion has been in truded and over lain by a wide range
of Cre ta ceous and Ter tiary plutonic and vol ca nic rocks and
their hypa bys sal equiv a lents. Most sig nif i cant among these 
are the dom i nantly Cre ta ceous granitoid bod ies that form
the Coast Plutonic Com plex (CPC), which lo cally is char -
ac ter ized by the 92 Ma Dick son McClure in tru sions
(Parrish, 1992) and the large in di vid ual bod ies of the Late
Cre ta ceous Bendor plutonic suite. The gen eral lack of fo li -
a tion in all of these ig ne ous rocks in di cates their em place -
ment sub se quent to the main re gional compressional events 
along this part of the Cordilleran mar gin (Armstrong,
1988). Hypa bys sal magmatism is re flected by em place -
ment of por phy ritic dikes be tween 84 and 66 Ma, with the
youn gest mag matic event be ing crys tal li za tion of 44 Ma
lamprophyre dikes (Leitch et al., 1991).

The Bendor plutonic suite con sists of a north west-trending
se ries of plutons that form a belt, per haps greater than
100 km long from Eldo rado moun tain in the north to the
south east ern Coast Belt to wards Hope. These rocks con sist

mostly of high-stand ing, re sis tant, coarse-grained,

hornblende>bi o tite>pyroxene, mag ne tite-ti tan ite–bear ing
granodiorite to quartz diorite. Most per ti nent to this study is 

the >20 km-long, north west-trending Bendor batholith, the
ma jor ig ne ous body near est to the Bralorne-Pi o neer de -
posit, from which pre vi ous age de ter mi na tions range from
139 to 56 Ma (Church, 1996).

The dis trict has been widely de formed by mid-Cre ta ceous
contractional de for ma tion within the west erly-trending
Shulaps thrust belt, and by contractional and oblique-
sinistral de for ma tion as so ci ated with the Bralorne-Eldo -
rado fault sys tem. The Bridge River and Cadwallader ter -
ranes were jux ta posed along this fault sys tem, which in the
Bralorne area con sists of l in ear,  tectonized,  and
serpentinized slices of late Pa leo zoic mafic and ultra mafic
rocks known as the Bralorne-East Liza Lake thrust belt that
forms a 1 to 3 km wide zone bounded by the Cadwallader
and Fergusson faults (Schiarizza et al., 1997). The tim ing
of this de for ma tion and meta mor phism is ca. 130–92 Ma,
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Fig ure 1. Re gional geo log i cal set ting of the Bridge River camp in south west ern Brit ish Co lum bia show ing the ma jor struc tural fea tures and
dis tri bu tion of min eral de pos its.  Note the zonation from gold-only to stibnite-dom i nant, to mer cury-dom i nant de posit types.  84WV is the lo -
ca tion of the Bendor Batholith geo chron ol ogy sam ple. Shaded area north of Gold Bridge is the Spruce Lake Pro tected Area.



with synorogenic sed i men tary flysch, as young as mid-Cre -
ta ceous, cut by the faults (Garver et al., 1989; Schiarizza et
al., 1997). Much of the Bralorne-Pi o neer vein sys tem oc -
curs along or within these struc tures and early Late Cre ta -
ceous sinistral move ments on the Eldo rado fault and the
Cas tle Pass fault sys tem are con sid ered to be co eval with fi -
nal re gional con trac tion and de po si tion of most of the
Bralorne ores (Schiarizza et al., 1997), and thus also much
of the local CPC magmatism.

Youn ger, north west-trending dextral dis place ments re ac ti -
vated many of the older faults and were dom i nant in the
east, par tic u larly along the Mar shall Creek and Yalakom
faults, and are con sid ered to have con trolled min er al iza tion 
that is lo cated prox i mal to the faults in these ar eas
(Schiarizza et al., 1997). Dextral de for ma tion is best es ti -
mated as hav ing been ini ti ated at or slightly be fore 67 Ma
(Schiarizza et al., 1997).

Deposit Geology

The Bralone-Pi o neer vein sys tem is hosted in the vari ably
al tered mafic and ultra mafic rocks that oc cur as fault-
bounded lenses in a struc tur ally com plex zone be tween the
Bridge River and Cadwallader ter ranes. The orebodies oc -
cur along an ap prox i mate 4.5 km strike length, mostly
along, ad ja cent to, or be tween the Cadwallader and Fer gu -
son faults. Min er al iza tion was in ter preted by Leitch (1990)
as synkinematic and struc tur ally con trolled by sec ond ary
fault  sets  re  lated to  west  er ly-di  rected ,  s in istral
transpressional move ment along faults bound ing the
Bralorne ophiolite. Veins are pref er en tially hosted in the
more com pe tent, coarse- to me dium-grained gabbroic,
dioritic, and trondhjemitic phases; less com monly in
metabasalt, and rarely in ultra mafic rocks (Cairnes, 1937;
Ash, 2001). Sev eral un mined and newly dis cov ered veins,
which are the fo cus of re cent ex plo ra tion, are north east of
the main his tor i cally mined orebodies. The Pe ter vein was
con sid ered among the most pro spec tive re source of these
re cently discovered (1987) veins (MINFILE 092JNE 164;
MINFILE, 2007).

Veins form in en ech e lon ar rays, with strike lengths of as
much as 1 500 m, be tween bound ing struc tures. Veins ex -
tend to at least 2 000 m in depth, with no sig nif i cant changes 
in grade re corded. Ores con sist mainly of rib boned fis sure
veins with septa de fined by fine-grained chlorite, seri cite,
graph ite or sul phide min er als. Mas sive white quartz ten -
sion veins also com prise some of the ore, al though thin ner
con nect ing cross-veins are sub-eco nomic. The fis sure
veins tend to be larger, thicker, and host the higher gold
grades. Quartz is the dom i nant gangue min eral, with lesser
cal cite, an ker ite and chlorite. The most con spic u ous al ter -
a t ion  min  e ra l  i s  b r igh t  g reen ,  ch rome-bear  i ng
phyllosilicate, which oc curs in ba saltic and ultra mafic host
rocks. These bright green blebs oc cur as dis sem i nated fine-

grained masses com posed of fuch site, mariposite or Cr-
illite. All are re ferred to herein as fuch site, ir re spec tive of
min er al ogy. No ta bly, this fuchsitic al ter ation is lo cally per -
va sive in some rocks de spite be ing far from the gold-quartz
veins. It there fore oc curs in re sponse to regional alteration
as well as hydrothermal vein formation.

Sul phide vol ume of the veins is low, con sist ing of a few
per cent of py rite and ar seno py rite with lesser marcasite,
pyrrhotite, chal co py rite, ga lena, and sphalerite. Gold oc -
curs as free gold, typ i cally in late frac tures or along rib bons. 
The Bralorne-Pi o neer gold-bear ing veins were de pos ited

from low sa lin ity flu ids at 300 to 400°C and 1.25 to
1.75 kbar (Leitch, 1989). The vein style, struc ture, min er al -
ogy, and al ter ation are all sim i lar to those de fined for
orogenic gold de pos its (i.e., Groves et al., 1998).

Metallogenic Models

Nu mer ous geo log i cal mod els have been put forth to de -
scribe the or i gin of the met al lo gen ic fea tures ob served in
the Bridge River dis trict. Most of the mod els at trib ute gold
de posit for ma tion to re sult from fault move ment, obduction 
and em place ment of ophiolite rocks, CPC magmatism, or a
com bi na tion of these events. Some mod els at tempt to di -
rectly ad dress the for ma tion of the Bralorne-Pi o neer gold
ores ,  whereas o th  ers  con s ider  the d is  t r ic t -wide
metallogenic variations and zonation.

Magmatic

Sev eral of the his toric and some of the most re cent mod els
place a large ge netic em pha sis on the role of mag matic
rocks. Past work ers have vari ably con sid ered the CPC, the
Bendor batholith, albitite dikes, or the fel sic por phyry bod -
ies as the po ten tial source of fluid, metal, and/or heat for the
ores in the district.

Many of the early work ers (e.g., Cairnes, 1937) de vel oped
mod els that stressed a di rect as so ci a tion with the mafic and
ultra mafic rocks that now are rec og nized as form ing much
of the Bralorne ophiolitic as sem blage, in par tic u lar the var -
i ous gab bros, trondhjemites, and plagiogranites. How ever,
age de ter mi na tions have con clu sively in di cated that these
rocks are Perm ian (Leitch, 1989) and there fore quite a bit
older than rea son able age es ti mates of the age of
mineralization (see below).

A ge netic as so ci a tion of gold with ei ther the Gwyneth Lake
stock or Bralorne batholith was pro posed by Church
(1996), which was sug gested to in di cate ca. 90 Ma events
based upon the best fit the ages on dikes and in tru sions pre -
sented by Leitch (1989). Church (1996) fur ther con sid ered
that the stress caused by in tru sion em place ment pro vided
an ex ten sive frac ture sys tem, in par tic u lar along the re ac ti -
vated Cadwallader fault zone, with ad di tional heat and the
ore flu ids pro vided from the more distal CPC.
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Uti liz ing geo chron ol ogy from cross cut ting re la tion ships in
ore zones, Leitch et al. (1991) con strained the tim ing of
min er al iza tion as be tween 93 and 42 Ma. They em pha -
sized, how ever, that an al tered 86 Ma dike could rep re sent a 
better min i mum age con straint to pro vide a nar rower po ten -
tial age range of 93 to 86 Ma for for ma tion of the Bralorne-
Pi o neer de posit, and pos si bly in di cated a di rect genetic link 
with the albitite dikes.

Ophiolite

An ophiolitic as so ci a tion with gold min er al iza tion at the
Bralorne-Pi o neer de posit, as well as through out much of
the North Amer i can Cor dil lera, has been em pha sized by
Ash (2001). He sug gested that gold for ma tion at Bralorne
oc curred dur ing re gional, mid-Cre ta ceous tec tonic
imbrication and stack ing of the Pa leo zoic oce anic litho -
sphere (e.g., Schiarizza et al., 1997). Ash (2001) also em -
pha sized, how ever, the im por tant role of “fel sic dike rocks” 
that are co eval with early magmatic phases of the CPC.

Coast Plutonic Complex

Build ing on the re gional metal trends rec og nized by
Pearson (1975), Woodsworth et al. (1977) em pha sized a re -
la tion ship be tween metal pre cip i ta tion and the em place -
ment and cool ing of plutons of the CPC. Sim i larly, an east -
erly younging of K-Ar ages for min eral oc cur rences
through out the en tire dis trict led Leitch et al. (1991) to sug -
gest the im por tance of the prox im ity and cool ing of ca. 80
to 59 Ma ig ne ous rocks that form the east ern mar gin of the
CPC. Fur ther dat ing mod i fied the model, whereby pulses of 
heat from the CPC re sulted in sev eral gen er a tions of min er -
al iza tion, which de crease in age and P-T con di tions
eastward from the CPC (Leitch et al., 1991).

Fault-Related

Schiarizza et al. (1997) sug gested that the metal zonation
pat tern is the prod uct of dif fer ent fault sys tems be ing ac tive
at dif fer ent times. Spe cif i cally, the gold de pos its are as so ci -
ated with the Bralorne-Eldo rado fault sys tem, the stibnite
min er al iza tion is as so ci ated with the Cas tle Pass fault sys -
tem, and the mer cury min er al iza tion is as so ci ated with the
Mar shall Creek and Yalakom–Re lay Creek fault sys tems.
Be cause each of these fault sys tems is con sid ered to have
been ac tive at dif fer ent times, the log i cal as sump tion is that
three min er al iz ing events are nec es sary to ac count for the
zonation. This con clu sion, how ever, re mains based upon
lim ited geo chron ol ogi cal data for the mineral deposits in
the district.

Geochronology

Three sig nif i cant orebodies for Ar-Ar geo chron ol ogi cal
anal y sis were sam pled in this study in or der to pre cisely de -
ter mine the age of the Bralorne-Pi o neer gold de posit,. In
each case, the re la tion ship be tween the dated ma te rial and

gold ore was clearly ev i dent, in that vis i ble gold was ob -
served in all sam ples. Ap pro pri ate ma te rial for iso to pic age
dat ing is no to ri ously dif fi cult to find, which led Leitch et al.
(1991) to de pend on re la tion ships be tween cross cut ting
mag matic phases to constrain the timing of mineralization.

Two anal y ses were per formed at the U.S. Geo log i cal Sur -
vey’s ar gon geo chron ol ogy lab o ra tory in Den ver. Two ar -
gon anal y ses and the con ven tional U-Pb anal y sis were per -
formed at the Pa cific Cen tre for Iso tope and Geo chem i cal
Re search (PCIGR) at the Uni ver sity of Brit ish Co lum bia in
Van cou ver. Sen si tive High-Res o lu tion Ion MicroProbe
(SHRIMP) U-Pb anal y ses were un der taken at the J.D.
deLateur Cen tre at Cur tin Uni ver sity in Perth, Aus tra lia.

All er rors are re ported to 2σ

The first dated sam ple (1-BR) was a bright green fuchsitic
mica col lected from the waste dump im me di ately be low the 
Pi o neer mill and is rep re sen ta tive of most vein ma te rial
found in the King vein sys tem, which was a sig nif i cant part
of the Bralorne orebody. A mass of fuchsitic mica, 1 cm in
di am e ter, was to tally con tained within mas sive fine-
grained quartz con tain ing free gold. The ini tial two low-
tem per a ture steps yielded anom a lous ap par ent ages and the
sub se quent steps 2 through 12 yielded older ages, re sult ing
in a step-shaped spec trum from 65.5 to 69 8 Ma (Fig ure 2a). 
The ini tial 40Ar/36Ar ra tio de rived from the isochron was
poorly con strained, but sug gested the pres ence of ex cess
ar gon. As a re sult, the isochron age of 67.7 ±0.7 Ma is con -
sid ered to best represent the timing of mineralization.

A sec ond sam ple (2-PE) was ob tained from the rel a tively
re cently dis cov ered Pe ter vein, and con sisted of both
fuchsitic al ter ation de vel oped in strongly al tered ad ja cent
wallrock and frag ments of wallrock that were en trained in
the quartz vein. This sam ple is from a high grade ore zone
that also con tained py rite and sphalerite. The anal y sis
yielded a dis turbed spec trum with an oma lously young ap -
par ent ages in the ini tial low tem per a ture steps: the re main -
ing steps yielded ages be tween 69.2 and 65.4 Ma (Fig ure
2b). As with the sam ple from the King vein, the isochron in -
di cated the pres ence of ex cess ar gon for steps 2–15 so the
isochron age of 66.8 ±0.5 Ma is pre ferred.

The third sam ple (P-EXT), col lected from the Pi o neer Ex -
ten sion adit dump, is of coarse-grained, shiny white mus co -
vite from a small vug in a fine-grained, white quartz vein
with car bo na ceous and py rite rib bons. An anal y sis on mul -
ti ple mus co vite grains yielded an ex cel lent pla teau at
64.0 ±0.4 Ma com pris ing nine steps rep re sent ing 98.5% of
the 39Ar (Fig ure 2c). Un like the other two sam ples, there is
no in di ca tion of ex cess ar gon, and the in verse isochron age
of 64.2 ±0.6 Ma is in agree ment with the pla teau age. Dat -
ing of a sin gle mus co vite grain also yielded a pla teau age at
64.2 ±0.4 Ma com pris ing eight steps rep re sent ing 98.3% of
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39Ar re leased with a match ing in verse isochron age of
64.9 ±0.6 Ma.

The age de ter mi na tions, de spite be ing from three dis trict
Bralorne-Pi o neer orebodies lo cated more than 10 km apart, 
yield very sim i lar re sults that, de spite mi nor an a lyt i cal
com pli ca tions, con firm that a lat est Cre ta ceous gold de po -
si tion event at the Bralorne-Pi o neer gold de posit occurred
ca. 68–64 Ma.

To es tab lish a pre cise age of the near est ma jor in tru sive
event to the gold ores, a new date for crys tal li za tion of the
Bendor batholith was also ob tained, us ing a sam ple
(84WV) col lected by G.J. Woodsworth of the Geo log i cal
Sur vey of Can ada in 1984 from ap prox i mately 10 km east
of the Pi o neer de posit.

Con ven tional U-Pb dat ing of zir con from the Bendor
pluton in di cates an age of ca. 65 Ma. Seven anal y ses in -
clude four from Fried man and Armstrong (1995) and three
from this study (Fig ure 3a). The orig i nal four frac tions are
large (1.1–1.7 mg) and give rel a tively pre cise data that are
dif fi cult to in ter pret be cause they lie par al lel to, and just off, 
con cordia. The older two of these anal y ses were abraded
and rel a tively coarse, sug gest ing that dis per sion of the data

is due to mi nor Pb loss. In an at tempt to con firm the pre vi -
ous data, three new frac tions of 1 to 23 strongly abraded

grains (20–35 µg) were an a lyzed. Al though less pre cise,
over lap with the orig i nal data and a sim i lar style of dis per -
sion con firm Pb loss and a Cre ta ceous-Ter tiary bound ary
age. The best es ti mate for the age is based on the old est frac -
tion (G), with a 206Pb/238U date of 65.0 ±0.2 Ma.

Eigh teen dif fer ent zir con grains from the sam ple used for
the con ven tional TIMS U-Pb anal y sis were an a lyzed uti liz -
ing a SHRIMP. All de ter mi na tions were on lo ca tions of
well-zoned mag matic zir con that lacked in her ited cores or
ra di  a  t ion dam aged re gions. A weighted mean of
65.2 ±0.8 Ma was gen er ated from the eigh teen 206Pb/238U
de ter mi na tions (Fig ure 3b). The in teg rity of the data is sup -
ported by a sound MSWD of 0.79 and the good cor re la tion
with the TIMS de ter mi na tion.

An Ar-Ar de ter mi na tion on well-formed, un al tered,
coarse-grained bi o tite from the same sam ple yields an ex -
cel lent pla teau from 10 steps at 64.6 ±0.6 Ma that rep re sent
99% of the to tal gas (Fig ure 4). The ini tial 40Ar/36Ar ra tio
in di cated by the isochron was within er ror of the ac cepted
value and the in verse isochron age was in good agree ment
with the plateau age.
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Fig ure 2. Ar-Ar gas re lease spec tra and isochron plots from the a) King (Bralorne), b) Pe ter, c) and d) Pi o neer-Ex ten sion veins. All anal y ses 
in clude J-er ror. MSWD = mean square of weighted de vi ates.



The geo chron ol ogi cal data are sum ma rized in Ta ble 1.

Discussion

The new de ter mi na tions of the age of min er al iza tion for the
Bralorne-Pi o neer camp pre sented above dif fer sig nif i -
cantly from pre vi ously re ported es ti mates. Dat ing of cross -
cut ting dikes from the eighth level of the Bralorne mine by
Leitch et al. (1991) broadly con strained the age of min er al -
iza tion, with a date of 91.4 ±1.4 Ma (U-Pb zir con) on a pre-
ore,  strongly-al tered albiti te dike,  and a date of
43.5 ±1.5 Ma (K-Ar bi o tite) on a post-ore lam pro phyre. A
K-Ar date of 85.7 ±3 Ma on green hornblende , how ever,
was in ter preted by Leitch et al. (1991) as pos si bly late,
intra- to post-ore, and thus per haps more nar rowly con -
strain ing the tim ing of min er al iza tion be tween 93 and
83 Ma (within the lim its of er rors). Al ter na tively, the
hornblende date may sim ply re flect ar gon loss from
ca. 91 Ma, as the hornblende dikes are likely tran si tional
and es sen tially co eval with the albitite (Leitch et al., 1991).
Al though the mid-Cre ta ceous range was fa voured by these
work ers, the un cer tainty did not preclude a Late Cretaceous 
or Tertiary age for gold mineralization.

An Ar-Ar de ter mi na tion on fuch site from “quartz veined
and car bon ate al tered” metabasalt from the Pi o neer
orebody dump (Ash, 2001) gave am big u ous re sults. A sin -

gle step rep re sent ing 75% of the to tal gas gave a date of
87 Ma which, when mixed with higher tem per a ture steps
that yielded 60–50 Ma ages, re turns a to tal gas age of
79 ±4 Ma. This lat ter date was in ter preted to rep re sent a
lower limit for the age for min er al iza tion (Ash, 2001), al -
though the rec og ni tion that the ma te rial was from a fine-
grained, im pure sam ple that likely en dured re coil ef fects
dur ing ra di a tion sug gests that the de ter mi na tion can not be
mean ing fully in ter preted. Two sam ples of Cr-rich illite,
col lected from the Cos mo pol i tan and North veins in the
Bralorne-Pi o neer de posit, in an area of “sheared, clay-al -
tered zones mar ginal to per va sively hy dro ther mally al tered
fel sic dikes along the min er al ized quartz-vein struc ture”
(Ash, 2001), yielded a sim i lar spec trum with their ages in -
creas ing from ~71 Ma up to 77 Ma. These dates were in ter -
preted to in di cate the age of fault ing and post-ore hy dro -
ther mal al ter ation. In sum mary, Ash (2001) in ter prets the
age of Bralorne gold min er al iza tion to be ~86 Ma, pre sum -
ably in ac cord with de ter mi na tions of Leitch et al. (1991),
and also interprets the Ar-Ar determinations to represent
younger events.

Two age de ter mi na tions were done in this study on zir cons
from the Bendor batholith, uti liz ing dif fer ent meth ods.
Both meth ods yielded ages with a high de gree of pre ci sion,
and the sim i lar ity of the re sults in di cates a high de gree of
ac cu racy with crys tal li za tion at ca. 65 Ma. The only slightly 
youn ger Ar-Ar age of 64.4 Ma on bi o tite in di cates that the

batholith cooled rap idly through ~300° (bi o tite clo sure
tem per a ture, McDougall and Harrison, 1999).

The Ar-Ar dates of 68 to 64 Ma de ter mined in this study are
20 to 30 Ma youn ger than pre vi ous ab so lute age es ti mates
for gold min er al iza tion at the Bralorne-Pi o neer de posit
These data in di cate that the Bralorne-Pi o neer min er al iz ing
event is sig nif i cantly youn ger than jux ta po si tion of the
Cadwallader and Bridge River ter ranes, and, most spe cif i -
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Fig ure 4. Ar-Ar gas re lease spec tra for Bendor batholith bi o tite.
Pla teau steps are filled, re jected steps are open. Box heights are
2σ er rors. Er ror in cludes J-er ror of 0.32%. MSWD = mean square
of weighted de vi ates.

Fig ure 3. U-Pb plots for Bendor batholith zir con anal y sis:
a) con ven tional TIMS, b) SHRIMP. MSWD = mean square of
weighted de vi ates.



cally, sig nif i cantly youn ger than thrust ing and obduction of 
the ophiolitic rocks. In ad di tion, min er al iza tion is not syn -
chro nous with the ma jor contractional and sinistral mo tion
along the Eldo rado Fault zone, nor is it coeval with
emplacement of the plutons of the CPC.

The new geo chron ol ogy does in di cate tem po ral as so ci a tion 
of gold with other events in the dis trict. First, min er al iza -
tion is syn chro nous with the em place ment of the Bendor
batholith, based upon the new, high-pre ci sion dat ing of the
ig ne ous body. Sec ond, the gold event does over lap ini ti a -
tion of dextral strike-slip on the re gional fault sys tems in
this part of Brit ish Co lum bia. Fi nally, given ex ist ing K-Ar
dates of 69 to 67 Ma for min er al ized dikes at the Minto and
Con gress Sb-Au de pos its (Harrop and Sinclair, 1986), and
Ar-Ar dates of ca. 70 Ma for the gold-host ing Blue Creek
por phyry at the Eliz a beth Au de posit (Schiarizza et al.,
1977), the pos si bil ity now ex ists that all min er al iza tion in
the Bridge River dis trict may re flect a sin gle, lat est Cre ta -
ceous hy dro ther mal event. More de tailed absolute dating
will be needed to confirm this possibility.

Sev eral points in di cate that the 68 to 64 Ma dates for min er -
al iza tion pre sented here most likely rep re sent the age of
gold min er al iza tion at the Bralorne-Pi o neer de posit and are
not re cord ing any ther mal ef fects from em place ment of the
Bendor batholith. First, the anal y ses for the three new ore-
re lated sam ples are the best pre sented to date, and the ma te -
ri als are also the best qual ity an a lyzed to date. In par tic u lar,
the coarse-grained crys tal line mus co vite from the Pi o neer
Ex ten sion will re tain ra dio genic ar gon to tem per a tures
higher than 350°C, and rocks of the batholith may have
been cooler than the bi o tite clo sure tem per a ture 300°C
(McDougall and Har ri son, 1999) when the mus co vite
formed. Sec ond, none of the ar gon spec tra de ter mined in
this study are con tin u ously stepped from an older date to a
youn ger, thus re set, date, which would in di cate par tial re -
set ting by an over print ing ther mal event. Lastly, and most

im por tantly, other Ar-Ar and K-Ar de ter mi na tions in the
dis trict give dates that are older than 70 Ma, and thus were
not reset by intrusion of the Bendor batholith.

In con clu sion, the main gold-form ing event in the Bridge
River dis trict took place at ca. 68 to 64 Ma at the Bralorne-
Pi o neer de posit, and other min er al iza tion in the dis trict
may also have formed dur ing this same event. The on set of
dextral strike-slip in this part of the Cor dil lera fa cil i tated
wide spread fluid flow along the re ac ti vated fault sys tems,
as is sup ported by the abun dance of Au, Sb and Hg de pos its
and oc cur rences along the var i ous main struc tures in the
dis trict. Geo chron ol ogi cal con straints sug gest the Bendor
batholith was un likely to have been the source of these ore-
form ing flu ids. The spa tial as so ci a tion of the most sig nif i -
cant known ore sys tem with a shear zone near the batholith
mar gin, how ever, sug gests that a struc tur ally fa vour able
dilational zone ex isted ad ja cent to the re cently em place -
ment ig ne ous body during the onset of latest Cretaceous
hydrothermal activity.
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Introduction

Por phyry cop per de pos its are one of the world’s pri mary
sources of Cu, Mo and, to a lesser de gree, Au (Lowell and
Guilbert, 1970; Sillitoe, 1979). They are typ i fied by large
re gions of hy dro ther mally al tered rock that ex tend out ward
from a caus ative in tru sion (Lowell and Guilbert, 1970;
Dilles et al., 2000; Seedorf et al., 2005; Cannell et al.,
2005). Al ter ation zone pat terns are com monly com plex
ow ing to mul ti ple pulses of hy dro ther mal flow that re sult in 
mul ti ple, over print ing, al ter ation events and/or com plex
fluid flow paths. Be ing able to rec og nize the dis tal hy dro -
ther mal foot print of a por phyry sys tem and un der stand its
spa tial and tem po ral re la tion ships to the min er al ized core is 
fun da men tal to un der stand ing the development of, and
exploring for, such systems.

The Taseko Lakes area of Brit ish Co lum bia is lo cated near
the east ern limit of the Coast Plutonic Com plex, and it is
along this bound ary that many im por tant subalkaline Cu-
(Mo-Au) por phyry de pos its are lo cated. Ex am ples of por -
phyry de pos its in clude the Pros per ity de posit, for merly
known as Fish Lake, and the Taseko Em press and Chita
show ings (Fig ure 1). This study fo cuses on a por phy ritic in -
tru sion, in for mally named the Hub, ex posed along the
Tchaikazan River near Fishem Lake (Fig ure 2). The moun -
tains im me di ately north of this ex po sure are char ac ter ized
by large ex panses of largely propylitically al tered Cre ta -
ceous andesitic and ma rine sed i men tary rocks. Small cop -
per min eral show ings are known within this ex panse of al -
tered rock. Three of these show ings — the Hub, Char lie and 
North west Cop per — have been ex am ined as part of this
study. The Char lie and North west Cop per show ings were

named by In ter na tional Jaguar Equities Inc. (MINFILE
092O 043; MINFILE, 2007).

The main ob jec tives of this study, which has been un der -
taken as an M.Sc. pro ject by the se nior au thor, are to de -
velop a frame work for the evo lu tion and de vel op ment of
the show ings and as sess their re la tion ships to con cep tual
mod els of por phyry min er al iza tion within a mag matic-hy -
dro ther mal sys tem. To at tain these ob jec tives, de tailed
maps of ge ol ogy, al ter ation and min er al iza tion of se lected
ar eas will be pro duced. Petrographic anal y sis is key in or -
der to rec og nize sub tle vari a tions in min eral as sem blages
and tex tures. Fluid in clu sions will be used to de ter mine the
phys i cal con di tions of min er al iza tion. Geo chron ol ogy will
be used as a tool to de ter mine the age of min er al iza tion by
iso to pic dat ing of in tru sions, coun try rocks and al ter ation
assemblages. The current paper is a summary of the second
season of field work.

In te gra tion of de tailed geo log i cal and al ter ation map ping,
geo chron ol ogi cal and geo chem i cal in for ma tion is es sen tial 
to fully un der stand the mag matic-hy dro ther mal sys tem
within the Taseko Lakes region.

Regional Geological Setting

The Taseko Lakes area of Brit ish Co lum bia is lo cated near
the east ern limit of the Coast Plutonic Com plex, and it is
along this bound ary that many im por tant subalkaline Cu-
(Mo-Au) por phyry de pos its are lo cated, in clud ing the Pros -
per ity and Taseko Em press de pos its and the Chita showing.

The study area strad dles the bound ary be tween the south -
west and south east Coast Belt. The south west Coast Belt
con sists of Mid dle Ju ras sic to mid-Cre ta ceous plutonic
rocks and Early Cre ta ceous vol ca nic rocks (Mc Laren,
1990). The south east Coast Belt in cludes rocks of the
Bridge River accretionary com plex, the Cadwallader arc
terrane and over ly ing clastic rocks of the Tyaughton-
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Methow Ba sin (Schiarizza et al., 1997; Mon ger and
Journeay, 1994).

The field area was mapped by Tip per (1969) at a scale of
1:1 000 000 as part of a re gional map ping pro ject. More re -
cently, Mc Laren (1990) and Is rael (2001) have mapped
parts of the area. A short study of al ter ation as sem blages in
the vi cin ity of the North west Cop per show ing was done as
part of an un der grad u ate hon ours the sis at the Uni ver sity of
Brit ish Co lum bia (Bruce, 2000). The study area is lo cated
ap prox i mately 10 km south of the well-de fined Pros per ity
Cu-Mo por phyry de posit and 50 km south of Wil liams Lake 
(Fig ure 1). Sev eral past-pro duc ing de pos its, in clud ing the
Pellaire (Au) and Taseko Em press (Cu-Au) mines, are lo -
cated within the dis trict, in a zone that has been ex plored for 
po ten tial eco nomic tar gets for over a cen tury.

Geological Setting of the Study Area

Introduction

The study area is un der lain by sev eral rock units of Cre ta -
ceous age. These in clude vol ca nic and vol cano-sed i men -
tary rocks of the Early Cre ta ceous Tchaikazan River suc -
ces sion and Late Cre ta ceous Powell Creek For ma tion
(Mc Laren, 1990; Is rael, 2001). The three min eral show ings 
that are the fo cus of this study are hosted by these Cre ta -
ceous rocks. In this re port, the Char lie and North west Cop -

per min eral pros pects are de scribed to gether, sep a rately
from the de scrip tion of the Hub show ing. This sep a ra tion is
based upon dif fer ences in rock types, min er al iza tion and al -
ter ation ob served at the three show ings. Hub is the in for mal 
name given to a se ries of geo log i cal trenches that par al lel
the Tchaikazan River (Fig ure 2). Rocks pres ent in these
trenches are an al tered por phy ritic granodiorite, a diorite, a
mag ne tite±bi o tite–ce mented ig ne ous brec cia, and a late-
stage, al tered quartz-feld spar (QF) por phyry dike that cuts
the granodiorite and the brec cia. Cop per-mo lyb de num
min er al iza tion at the Hub show ing is dis sem i nated within
all three of these rock types. The Char lie and North west
Cop per pros pects are lo cated ap prox i mately 300 m top o -
graph i cally above the Hub show ing. Cop per-mo lyb de num
min er al iza tion at these show ings oc curs in veins that are
typically within the volcanic facies of both the Tchaikazan
River succession and the Powell Creek Formation.

Hostrocks

Powell Creek Formation

The Powell Creek For ma tion was pre vi ously de scribed by
Hollis et al. (2007). Sim ply, it is an ex ten sive pack age of
interbedded, nonmarine vol ca nic and volcaniclastic rocks
of Late Cre ta ceous age (Schiarizza et al., 1997). Hostrocks
to the North west Cop per pros pect are mas sive, ma roon an -
de site flows; vol ca nic brec cias; and resedimented vol ca nic
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Fig ure 1. Lo ca tions of ma jor al ka line and calcalkaline por phyry cop per de pos its in Brit ish Co lum bia. The in set map shows the lo ca tion of
ma jor de pos its within the Taseko Lakes study area.



flow units. The mas sive fa cies con sists of large pack ages of
vol ca nic rocks char ac ter ized by por phy ritic or aphyric tex -
tures. An de site is the dom i nant rock type in the mas sive fa -
cies. Plagioclase and hornblende are the dom i nant
phenocryst com po nents in the an de site and are typ i cally al -
tered to chlorite. The age of the Powell Creek For ma tion is
in ter preted to be Cenomanian (Schiarizza et al., 1997). In -
tru sive rocks are pres ent through out North west Cop per
pros pect; these are typ i cally feld spar-hornblende por phyry
dikes and diorite in tru sions. The age of the in tru sive rocks
is as yet un known but they may be as young as Eocene. The
base of the Powell Creek For ma tion is in truded by the
92 Ma Dick son-McClure batholith and Schiarizza et al.
(1997) noted that the for ma tion over lies Albian–
Cenomanian rocks. The base of the Powell River For ma -

tion must there fore be Turonian (93.5 ±0.8 to 89.3 ±1 Ma)
in age.

Volcanic Facies of the Tchaikazan River Succession

The vol ca nic fa cies of the Tchaikazan River suc ces sion is
dom i nated by the in ter ca la tion of sub aque ous to subaerial
vol ca nic rocks, typ i cally an de site in com po si tion (Is rael,
2001), with mi nor, shal low ma rine, clastic sed i men tary
rocks. The vol ca nic fa cies stratigraphically over lies the
sed i men tary rocks of the Tchaikazan River suc ces sion.
Mas sive an de site flows, some greater than 50 m thick, dom -
i nate the up per part of the vol ca nic fa cies (Fig ure 3a).
Peperitic con tacts (Fig ure 3e) with the sed i men tary rocks
are also pres ent at higher el e va tions, par tic u larly near the
Char lie show ing. Since peperite tex tures form as a re sult of
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Fig ure 2. Ge ol ogy of the Taseko Lakes study area.
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Fig ure 3. Pho to graphs of the Char lie show ing: a) view of the Char lie show ing, taken from the Hub show ing; the rusty red out crops are phyllic 
al tered rocks, con trast ing with the propylitic al tered an de site; b) comb tooth quartz vein in an de site hostrock; c) comb tooth quartz vein with
cen tre fill of coarse, dis sem i nated chal co py rite cen tre fill; d) epidote and quartz-car bon ate stock work vein ing; e) peperite con tact be tween
sed i ments and an an de site; and f) area of per va sive car bon ate al ter ation in propylitic al tered an de site of the Tchaikazan River Suc ces sion.



the in tru sion and sub se quent min gling of magma with un -
con sol i dated or poorly con sol i dated, typ i cally wet, sed i -
ments (White et al., 2000), their oc cur rence in the study
area in di cates the close re la tion ship between subaqueous
and volcanic environments in the Early Cretaceous rocks.

Sedimentary Facies of the Tchaikazan River
Succession

The sed i men tary fa cies of the Tchaikazan River suc ces sion
is highly vari able in grain size, bed thick ness, sed i men tary
struc ture and rock type. Com mon rock types in clude me -
dium- to coarse-grained, well-sorted sand stone, con glom -
er ate, siltstone and mudstone. Soft sed i ment de for ma tion is
com mon, par tic u larly in interbedded se quences of
mudstone and me dium- to coarse-grained sand stone. Bed -
ding is of ten pla nar and some times un du lat ing, but con tacts
are gen er ally sharp. Black mudstone dom i nates and is of ten 
found in as so ci a tion with lenses of fine sand stone. Rocks of 
the sed i men tary fa cies are of ten in ter ca lated with mi nor
vol ca nic rocks of the Tchaikazan River suc ces sion, es pe -
cially toward the inferred upper parts of the sedimentary
facies.

Many parts of this sed i men tary se quence have been in ter -
preted in this study as parts of a Bouma Se quence. In the ory, 
a Bouma Se quence com prises clastic sed i ments de pos ited
in re sponse to a wan ing turbidite flow. A com plete Bouma
Se quence, from base to top, con sists of lam i nated siltstone
and fine pe lagic mudstone, crosslaminated sand stone with
rip ple mark, par al lel-lam i nated sand stone, mas sive sand -
s tone and a  h ighly ero  s ive base wi th  tool  mark
(Shanmugam, 1997). The sed i men tary fa cies of the
Tchaikazan Suc ces sion con sists of coarse, cha otic clastic
sed i men tary rocks, of ten over lain by suc ces sively finer
grained, well-bed ded sand stone and mudstone. The B, C
and E fa cies of a Bouma Se quence were fre quently ob -
served in the sed i men tary fa cies of the Tchaikazan River
suc ces sion. The B fa cies was the most com mon, form ing
well-bed ded, par al lel-lam i nated sand stone. Fos sil ma te rial
was ob served within the sed i men tary rocks, typ i cally con -
sist ing of cri noids, bi valves and brachi o pods, to gether with
abundant trace fossils. Bioturbation occurs in finer grained
units.

Areally ex ten sive pack ages of sed i ment-dom i nated fa cies
and a vol ca nic-dom i nated fa cies of the Tchaikazan River
suc ces sion dom i nate the Char lie and North west Cop per
show ings, form ing the hostrocks to por phyry-style min er -
al iza tion and al ter ation. Fos sil ev i dence from these units
sug gests an age as old as 140 Ma (Berrasian), whereas U-Pb 
dates from abraded zir con frac tions from a cross cut ting in -
tru sion (Mc Laren, 1990; Is rael et al., 2006)) sug gest an age
older than 102 ±2 Ma, which is consistent with fossil
evidence.

Showings Studied

Hub Showing

The Hub min eral show ing is a pros pect that is ex posed in
geo log i cal trenches along the Tchaikazan River. Sev eral ig -
ne ous rock types, in clud ing a por phy ritic granodiorite (Fig -
ure 4), a diorite, and a quartz-feld spar por phyry dike
(QF por phyry) ac count for greater than 90 % of all
exposure.

Intrusive Rocks

The in tru sive rocks ex posed at the Hub show ing are
granodiorite to diorite in com po si tion. Sev eral in tru sive
phases have been rec og nized:

1) The main phase is coarsely crys tal line granodiorite with
a strong por phy ritic tex ture. The granodiorite is com -
posed of zoned plagioclase (~50%), quartz (~20%), bi o -
tite (10–25%) and hornblende (5%) pheno crysts in an
apha ni tic, plagioclase-quartz–dom i nated groundmass
(Fig ure 4a).

2) A diorite in tru sion ap pears to cross cut the main phase
granodiorite. The diorite is iden ti fi able by changes in
min er al ogy that are in con trast to the granodiorite. The
rock is darker than the granodiorite and ap pears to con -
tain a greater per cent age of bi o tite and hornblende.

3) Quartz-feld spar (QF) por phyry dif fers from other in tru -
sive rocks in that it is clearly a lin ear in tru sion, likely a
dike, that trends ap prox i mately north west and is ap -
prox i mately 3 m thick. The dike is highly al tered. It has a 
strongly por phy ritic tex ture with plagioclase (~35%)
and hornblende pheno crysts (15–20%), with chlorite re -
plac ing pri mary hornblende. The groundmass is apha ni -
tic and ap pears to be largely dom i nated by al tered feld -
spar. The QF por phyry is youn ger than the other
in tru sive phases as it cuts across them and dis plays

chilled mar gins.

The Hub granodiorite has a cool ing age (Ar-Ar, bi o tite) of
80.53 ±0.42 Ma. The diorite yielded a cool ing age (Ar-Ar,
bi o tite) of 79.56 ±0.42 Ma (T. Ullrich, pers. comm., 2006).
The late QF por phyry dike is unmineralized and cross cuts
both these ig ne ous phases, and is there fore youn ger and
post-min er al iza tion. A whole rock age of 77.2 ±2.8 Ma (T.
Ullrich, pers. comm., 2006) was ob tained for the Pros per ity 
de posit by J.E. Harakal at the Uni ver sity of Brit ish Co lum -
bia. This is con sid ered to be the age of min er al iza tion at the
Pros per ity de posit and is sim i lar to that in ferred for
mineralization at the Hub showing.

Hydrothermal Alteration

The granodiorite at the Hub show ing is mod er ately to
strongly al tered. Pri mary plagioclase is typ i cally si lici fied
and may be re placed by sec ond ary seri cite (Fig ure 4b) and
quartz–mag ne tite±K-feld spar al ter ation is ex ten sive. This
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Fig ure 4. Pho to graphs from the Hub show ing: a) al tered mag ne tite-bi o tite granodiorite in con tact with mag ne tite-bi o tite–ce mented ig ne ous 
brec cia; b) si lici fied re ac tion front with highly al tered granodiorite and mag ne tite-bi o tite–ce mented brec cia; c) an gu lar mag ne tite-al tered
clast in par tially al tered granodiorite; d) coarse dis sem i nated chal co py rite in cen tre of quartz-mag ne tite vein; and e) cross cut ting quartz
veins with sec ond ary Fe-stain ing, prob a bly a re sult of supergene weath er ing of py rite.



al ter ation grades into hy dro ther mal bi o tite, K-feld spar, and
mag ne tite al ter ation (Fig ure 4c) which ex ten sively de vel -
oped in the granodiorite, diorite and brec cia with clasts
show ing per va sive quartz-bi o tite. K-feld spar crys tals in
this zone ex hibit reg u lar con cen tric zon ing. Subeconomic
quartz–py rite±chal co py rite±mo lyb de nite veins with
chlorite selvages are pres ent in this al tered zone (Fig -
ure 4d, e). Mag ne tite flood ing ap pears to have af fected the
granodiorite along most of the trench ex po sures. The mag -
ne tite ap pears to be paragenetically as so ci ated with the K-
feld spar, quartz, py rite, chal co py rite and mo lyb de nite. The
granodiorite shows mod er ate to weak potassic al ter ation
con tain ing the growth of secondary K-feldspar and biotite
in the groundmass (Figure 3a).

The al tered QF por phyry cuts the granodiorite, diorite, and
mag ne tite±bi o tite–ce mented brec cia. The granodiorite,
diorite and brec cia are as so ci ated with por phyry style,
stock work quartz vein ing, potassic al ter ation, sili ci fi ca tion 
and dis sem i nated Cu-Au mineralization.

Hydrothermal Breccia

A mag ne tite±bi o tite–ce mented brec cia is vol u met ri cally
the most abun dant al ter ation fa cies. It is, how ever, poorly
ex posed and its geo log i cal ar chi tec ture and ex tent are
there fore am big u ous. The brec cia is poorly sorted, con tain -
ing up to 30% clasts (whose com po si tion ap pears to be
mostly in tensely mag ne tite-flooded granodiorite) and is
ma trix-sup ported. Clasts are gen er ally an gu lar to
subangular (Fig ure 4c) and ap pear to be highly al tered
(mag ne tite-bi o tite) granodiorite. The hy dro ther mal ce ment 
con sists of fine-grained mag ne tite, bi o tite, quartz and
sulphides. The mag ne tite±bi o tite–ce mented brec cia is
char ac ter ized by a some times in tensely brecciated or
clastic tex ture. Parts of the granodiorite ap pear to be var i -
ously al tered with in fill ing of bi o tite±mag ne tite in the
groundmass. The orig i  nal ig ne ous tex ture of the
granodiorite is still vis i ble, al though in places it has been
ob scured by per va sive and tex tur ally-de struc tive bi o tite-
mag ne tite-quartz alteration. The hydrothermal breccia cuts
across the granodiorite and diorite.

Mag ne tite is abun dant in both clasts and ce ment. The ce -
ment con tains up to 40% crys tal line quartz. In these zones,
strong sili ci fi ca tion and sec ond ary mag ne tite are ob served
in the ce ment at what ap pear to be in tru sive con tacts with
the granodiorite (Figure 4b).

Charlie and Northwest Copper Showings

Hostrocks to min er al iza tion and al ter ation in the area of the
Char lie and North west Cop per show ings are typ i cally mas -
sive an de site, form ing ei ther part of the vol ca nic fa cies of
the Tchaikazan River suc ces sion or the mas sive an de site of
the Powell Creek For ma tion. These rocks over lie the
granodiorite and other in tru sive rock types ob served at the
Hub show ing. Resedimented vol ca nic rocks, which form a

large part of the Powell Creek For ma tion, have also been
hy dro ther mally al tered and host sul phide-bear ing veins.
Rocks of the sed i men tary fa cies of the Tchaikazan River
suc ces sion are char ac ter ized by pack ages of well-bed ded,
often fining upwards, clastic sedimentary rocks.

Intrusive Rocks

An in tru sion, named here the North west Cop per in tru sion,
crops out on the west ern fringe of the North west Cop per
show ing (Fig ure 5a, b). It is gra nitic in com po si tion, con -
tain ing ap prox i mately 40% quartz, 30% plagioclase and
30% other min er als, in clud ing bi o tite and hornblende. The
in tru sion is com plex with sev eral compositional vari a tions. 
The gran ite in trudes rocks of the Powell Creek For ma tion
and there fore must be youn ger. The gran ite con tains nu -
mer ous round xe no liths of the Powell Creek Formation
(Figure 5d).

Diorite dikes em a nate from the main in tru sion and in trude
into the over ly ing rocks of the Powell Creek For ma tion
(Fig ure 5c, e). These dikes ap pear to be un al tered and are
com posed of 25–30% plagioclase feld spar, 10–15%
hornblende, and mi nor bi o tite, quartz and pyroxene
(Figure 5c). 

Aplite dikes are abun dant and cross cut the gran ite and the
diorite. These dikes are very fine grained and white, with
quartz and feld spar be ing the ma jor min er als. They are
likely to have some af fin ity to the main in tru sive body and
to be the last part of the magma to crys tal lize.

A syenite first iden ti fied in the 2006 field sea son (S.K.
Blevings, pers. comm., 2006) was also found in the vi cin ity
of the North west Cop per show ings. It is a pink to grey,
coarsely crys tal line, and K-feld spar-rich with ac ces sory
phenocrystic hornblende. It is only ex posed in a lim ited
area at the sur face (Fig ure 2) on the cen tral ridge of the
North west Cop per show ing. The con tact re la tion ship with
sur round ing rocks of the Powell Creek For ma tion is un -
clear. The syenite has yet to be dated, but is unmineralized,
and there fore may be a pre- or post-min er al iza tion
intrusion.

Mineralization

Min er al iza tion and al ter ation are sim i lar at the Char lie and
North west Cop per show ings and will be de scribed to -
gether. Min er al iza tion is typ i cally vein hosted. Veinlets of
na tive cop per are hosted by quartz and car bon ate com pos ite 
veins. Cop per typ i cally forms veinlets less than 2 mm thick
that are iden ti fied in the field as a re sult of the close as so ci a -
tion of the na tive cop per with bright green malachite
(Figure 6e).

Min er al iza tion con sists of chal co py rite-bear ing quartz
veins. Chal co py rite, py rite and ga lena are the readily iden -
ti fied sulphides in comb-tex tured quartz veins. Sulphides
are char ac ter is ti cally as so ci ated with mag ne tite and bi o tite. 
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Fig ure 5. Pho to graphs of the North west Cop per show ing: a) view fac ing north of the North west Cop per in tru sion and as so ci ated diorite
dikes, b) view of the south ern part of the in tru sion, c) pla nar in tru sive con tact of diorite dike within host granodiorite in tru sion, d) round xe no -
liths of wallrock within the in tru sion, e) diorite dikes in trud ing the over ly ing resedimented vol ca nic rocks of the Powell Creek  For ma tion, and
f) syenite dike at the North west Cop per show ing.
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Fig ure 6. Fea tures of min er al iza tion and al ter ation at the Char lie and North west Cop per show ings: a) late-stage quartz vein off set ting mas -
sive epidote vein, b) well-de vel oped al ter ation selvages as so ci ated with sul phide-bear ing epidote veins, c) large clast within vein, d) hy dro -
ther mal quartz infill be tween tuffaceous clastic rocks, and e) quartz-car bon ate vein with sec ond ary mal a chite.



Py rite oc curs as a sec ond ary min eral dis sem i nated in most
of the in tru sive phases as well as an al ter ation prod uct in
some of  the  Fe-bear  ing  sed  i  men  ta ry  rocks  and
propylitically al tered an de site. Veins are typ i cally up to
10 cm thick and are usu ally con tin u ous for sev eral metres.
Sev eral are lat er ally con tin u ous for up to 30 m, but these are 
bar ren quartz veins, typ i cally as so ci ated with large fault
zones. Vein com po si tions in clude quartz-only and quartz-
car bon ate (Fig ure 4b). Quartz-car bon ate is a late stage
infill, fill ing voids be tween comb quartz crys tals. Quartz
veins with chlorite selvages (usually millimetre scale) are
common.

Hydrothermal Alteration

The al ter ation min eral as sem blages of the Char lie and
Nor th  wes t  Cop  pe r  show ings  a re  dom i  na ted  by
propylitically al tered an de site of both the Tchaikazan River 
suc ces sion and the Powell Creek For ma tion. Phyllic al ter -
ation, sili ci fi ca tion and ad vanced argillic al ter ation are also
present.

Chlorite-Epidote±Cal cite (Propylitic)

Vol ca nic rocks are per va sively al tered to propylitic min eral
as sem blages of chlorite-epidote-py rite, cal cite, seri cite and 
mag ne tite. Hy dro ther mal min er als such as chlorite,
epidote, actinolite, seri cite and quartz com monly re place
pri mary phases such as hornblende, bi o tite and plagioclase. 
An abun dance of chlorite gives the an de site a dis tinc tive
dark green col our. Plagioclase crys tals are re placed by ag -
gre gates of seri cite, chlorite and cal cite. Chlorite ap pears to
be wide spread as a dom i nant min eral phase but is typ i cally
ex ten sively de vel oped in the ex te rior parts of veins and as
zones be tween veins. Ar eas ad ja cent to veins are of ten
propylitically al tered, in par tic u lar show ing the de vel op -
ment of chlorite vein ha loes, pre dom i nantly as so ci ated
with quartz-only veins. Epidote is com monly as so ci ated
with chlorite-al tered rocks, par tic u larly along frac tures
(Fig ure 4d) and of ten re lated to quartz vein ing. Cal cite al -
ter ation ac com pa nies the propylitic min eral as sem blage
and ar eas of per va sive cal cite al ter ation are found at high
elevations at the Charlie and Northwest Copper showings
(Figure 4g).

Quartz-Seri cite-Py rite (Phyllic)

The al ter ation as sem blage of quartz-seri cite-py rite is man i -
fest in rusty red out crops of the lower parts of the vol ca nic
fa cies of the Tchaikazan River suc ces sion (Fig ure 5), where 
it is per va sive. The por phy ritic tex ture of the rock is of ten
still vis i ble, al though seri cite-quartz-py rite min eral as sem -
blages re place the pri mary com po nents of the groundmass.
The al ter ation is char ac ter ized by the sub sti tu tion of
plagioclase by seri cite and the mafic components by quartz.

Veins

The north west ern por tion of the area of the Char lie and
North west Cop per show ings ex hib its the high est den sity of

veins in the study area. It also ex hib its the wid est va ri ety of
vein com po si tions, tex tures and forms. There are three
main vein types: 1) quartz-only, 2) quartz-car bon ate and
3) epidote veins. All three vein types may con tain
sulphides.

1) Quartz-only veins are rare at the North west Cop per
show ing. The quartz is of ten mas sive (Fig ure 6a), and
there are typ i cally sev eral cross cut ting vein gen er a -
tions, with wallrock trapped be tween gen er a tions (Fig -
ure 6c). Quartz-only veins are lo cally com mon in ar eas
of sili ci fi ca tion and are typ i cally as so ci ated with sec -
ond ary mal a chite and, less com monly, az ur ite. These
veins are al tered along their mar gins, with chlorite
selvages that some times ex tend sev eral centi metres into
the sur round ing hostrocks. Quartz gen er ally forms an
hy dro ther mal fill to brecciated vol ca nic ma te rial.
Quartz infill be tween clasts of a tuff (Fig ure 6 d) is wide -
spread near the North west Cop per show ing, in di cat ing
fluid flow through out the area.

2) Quartz-car bon ate veins are com mon in the area of the
Char lie and North west Cop per show ings. They are sev -
eral centi metres thick, con tinue for no more than a few
metres and are hosted within the vol ca nic fa cies of both
the Powell Creek For ma tion and the Tchaikazan River
suc ces sion. They typ i cally are not min er al ized.

3) Epidote veins are lo cally abun dant, par tic u larly in the
al tered an de site sur round ing the North west Cop per in -
tru sion (Fig ure 6b). The epidote is fine-grained and
mas sive and is of ten as so ci ated with mi nor quartz and
dis sem i nated chal co py rite and py rite. These veins ex -
hibit well-de vel oped al ter ation ha loes, giv ing the sur -
round ing, mag ne tite-rich an de site a bleached ap pear -
ance that is pos si bly a re sult of the introduction of
secondary sericite.

Interpretation and Discussion

The Taseko Lakes area is en dowed with nu mer ous me tal lic
min eral show ings that have yet to be fully de scribed The
ob jec tive of this study is to clas sify three of these showings.

The Hub show ing is in tru sion-re lated, por phyry Cu±Mo–
style min er al iza tion in a granodiorite stock and a stockwork 
of quartz+chal co py rite±py rite veins. The Hub granodiorite 
has a cool ing age (Ar-Ar, bi o tite) of 80.53 ±0.42 Ma (T.
Ullrich, pers. comm., 2006). The Hub diorite yielded a
cool ing age (Ar-Ar, bi o tite) of 79.56 ±0.42 Ma (T. Ullrich,
p e r s .  co mm. ,  2 0 0 6 ) .  T h e  Q F  p o r  p h y r y  d i k e  i s
unmineralized and cross cuts both the granodiorite and the
diorite and is there fore youn ger and post-min er al iza tion. A
whole rock age of 77.2 ±2.8 Ma was ob tained for the Pros -
per ity de posit by J.E. Harakal at the Uni ver sity of Brit ish
Co lum bia (MINFILE 092O 041; MINFILE, 2007), who
con sid ered this ra dio met ric age to be the age of min er al iza -
tion at the Pros per ity de posit, and is sim i lar to that de ter -

64 Geoscience BC Sum mary of Ac tiv i ties 2007



mined for min er al iza tion at the Hub show ing. The min er al -
iza tion and al ter ation style ex hib ited by the Hub show ing
shows sev eral char ac ter is tics of clas sic por phyry-style
min er al iza tion. These in clude cop per min er als dis sem i -
nated through out the in tru sion and as so ci ated Cu-bear ing
quartz stockwork veins and the hy dro ther mal mag ne -
t i te±bi o t i te–ce mented brec cia that  cross cuts the
granodiorite and diorite. Sul phide min er al iza tion, in par tic -
u lar chal co py rite and mo lyb de nite, is dis sem i nated in the
granodiorite and mag ne tite±bi o tite brec cia and in quartz
veins in these rocks. The mag ne tite±bi o tite brec cia is ex -
posed at the sur face at the Hub show ing, in di cat ing that
brec cia em place ment may have been rel a tively shal low

(<3 km). The diorite intrusion can be interpreted as a
compositional variation of the granodiorite as a result of
differentiation.

The Char lie and North west Cop per show ings are vein-
hosted, with typ i cal me tal lic min er als, in clud ing chal co py -
rite, py rite, ga lena and na tive cop per. Al ter ation as sem -
blages are dif fer ent from those at the Hub show ing.
Propylitic min eral as sem blages dom i nant in the Char lie
and North west show ings, with dis crete ar eas of sili ci fi ca -
tion and phyllic al ter ation also ob served. This is in con trast
to the potassic al ter ation and sili ci fi ca tion ob served at the
Hub show ing. These al ter ation as sem blages are in ter preted
to be early al ter ation in the cen tral parts of the min er al iza -
tion at the Hub show ing. An in tru sion in the area of the
Char lie and North west Cop per show ings has yet to be
dated, but must be youn ger than the Powell Creek
Formation since it intrudes these upper Cretaceous rocks.

The ques tion re mains whether the study area dis plays ev i -
dence for a sin gle hy dro ther mal event or mul ti ple events.
Based on the al ter ation se quences, cross cut ting veins and
geo chron ol ogy, al ter ation and min er al iza tion ap pear to
have formed as over lap ping ep i sodes dur ing the evo lu tion
of an hy dro ther mal sys tem. Min er al iza tion is hosted by the
main Hub granodiorite and the mag ne tite±bi o tite–ce -
mented brec cia, and vein-hosted sulphides are pres ent in
over ly ing an de site and ba saltic an de site rocks of the
Tchaikazan River Suc ces sion and Powell Creek For ma tion
at the Char lie and North west Cop per show ings. The hy dro -
ther mal min er al iza tion and al ter ation events con sist of two
spa tially over lap ping and over print ing stages: 1) potassic,
propylitic and phyllic al ter ation with as so ci ated Cu-Mo
min er al iza tion, and 2) quartz-sul phide veins with as so ci -
ated mag ne tite al ter ation. Potassic al ter ation is rep re sented
by relicts of K-feld spar, mag ne tite and bi o tite, and ap pears
to pass out wards into propylitic min eral as sem blages of
chlorite-epidote-cal cite. Most of the cop per min er al iza tion
oc curs as dis sem i nated chalcopyrite, accompanied by
pyrite and magnetite, replacing mafic minerals in potassic-
altered hostrock.

In con clu sion, the rock types and al ter ation as sem blages
pres ent at the Hub, Char lie and North west Cop per pros -
pects show ev i dence of por phyry-re lated min er al iza tion
and hy dro ther mal al ter ation. The ques tion re mains whether 
these show ings are re lated to the same hy dro ther mal sys -
tem at depth or whether they rep re sent part of a prox i mal to
dis tal fa cies of a large-scale, wide spread por phyry sys tem
in which the rocks in the vi cin ity of the Char lie and North -
west Cop per show ings were al tered in response to a large-
scale system at depth.

Future Work

Much of what is known about the phys i cal-chem i cal evo lu -
tion of mag matic hy dro ther mal flu ids be tween the plutonic
re gime of por phy ritic granitoid bod ies and the me te oric re -
gime is based upon fluid in clu sions in veins from por phyry-
hosted ore de pos its (Dilles et al., 2000). Fol low ing de tailed
petrographic study of fluid in clu sions us ing trans mit ted
light, fur ther work in this study will be fo cused upon an in-
depth study of the fluid in clu sions them selves and what
they can re veal about the con di tions of for ma tion of the
veins in the re gion. De fin ing the hy dro ther mal fea tures and
re lated al tered rock types of these show ings will be of value 
for ex plo ra tion in the Taseko Lakes re gion, es pe cially
given re cent work on the ad vanced Prosperity deposit.

The fur ther ap pli ca tion of geo chron ol ogi cal meth ods to
date the North west Cop per in tru sion is of im por tance in re -
lat ing this in tru sion to those al ready iden ti fied in the study
area and to those within the broader por phyry en vi ron ment
of south west ern British Columbia.
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Introduction

Re mote sens ing has be come a suc cess ful tool in min eral ex -
plo ra tion in many parts of the world. Early use of Land sat
im ag ery and other multispectral in stru ments has al lowed
re gional ex plo ra tion to move swiftly to ar eas of in ter est.
More re cently, the use of hyperspectral tools, with up to 250 
dis crete read ings per spec trum col lected at each dis crete
sam ple area on the ground, has been able to fur ther as sist
ex plo ra tion and map ping of ge ol ogy and min eral al ter ation
at var i ous scales down to detailed deposit scale.

In Brit ish Co lum bia, the use of re mote sens ing in min eral
ex plo ra tion has lagged be hind other min eral prov inces due
to the ex ten sive cover of for ests. How ever, the newer in -
stru ments al low col lec tion of data at dis crete points of a few 
metres and can col lect use ful spec tra wher ever out crops
can be dis cerned, along for estry roads, in ar eas of dry brush
and above the treeline. A va ri ety of im ages from within BC
has been ac quired over the last sev eral years from a num ber
of multi- and hyperspectral in stru ments over mines and
other ar eas with po ten tially in ter est ing ge ol ogy. These im -
ages have been pro cessed and placed on the MapPlace
website, along with a num ber of ba sic tools to en able
explorationists to eval u ate the use ful ness of this type of
information in the search for new mineral deposits.

This pro ject is the first by Geoscience BC to ac quire re mote
im ages by se lec tively fly ing ar eas of high in ter est with a
hyperspectral in stru ment in or der to ob tain im ages for on -
line anal y sis by the ex plo ra tion community.

Background

The Hyperspectral Im ag ery Dem on stra tion Pro ject, spon -
sored by Geoscience BC, pro vides ex am ples of air borne
hyperspectral im ages taken at high spec tral and spa tial res -
o lu tion over typ i cal ex plo ra tion and min ing sites in BC.
This new im ag ery is avail able through the MapPlace
website of the BC Min is try of En ergy, Mines and Pe tro -

leum Re sources (BC Geo log i cal Sur vey, 2007). Ten flight
lines of hyperspectral data cov er ing six sites have been
added to the 68 Land sat 7, 239 ASTER (Ad vanced
Spaceborne Ther mal Emis sion and Re flec tion Ra di om e -
ter), 1 Hyperion and 1 AVIRIS (Air borne Vis i ble/In fra red
Im ag ing Spec trom e ter) im ages al ready avail able for on line
anal y sis through MapPlace’s Im age Anal y sis Tool box
(IAT; Kilby et al., 2004; Kilby, 2005; Kilby and Kilby,
2006a, b, 2007). En hance ments have been made to the IAT
to pro vide ad di tional anal y sis ca pa bil i ties. A spec trum
viewer pro vides the abil ity to ex am ine the im age spec trum
at any im age pixel. A ref er ence li brary of min eral spec tra
has been added to the Spec tral An gle Map per (SAM) tool to 
al low SAM map ping of im ages us ing the United States
Geological Survey (USGS) Spectral Library (Clark et al.,
2007) spectra or image-obtained spectra.

Fol low ing a re quest for pro pos als, SpecTIR LLC
(SpecTIR, 2007) was se lected to pro vide the hyperspectral
im ag ery. The im ag ing spec trom e ters uti lized in the col lec -
tion were the AISA (Air borne Im ag ing Spec trom e ter for
Ap pli ca tions) Ea gle, sam pling the vis i ble and near in fra red
(VNIR), and Hawk, sam pling the shortwave in fra red
(SWIR), the sen sors be ing com bined in the AISA DUAL
sen sor pack age (Specim, 2007). The im ag ery was collected 
on August 1, 2007.

ITRES Re search Lim ited (ITRES, 2007) of fered to col lect
some im ag ery as part of a field test of their con structed sen -
sors. Two sites were se lected in the Rocky Moun tains near
Golden, BC. The col lec tion was per formed on July 12,
2007 uti liz ing their SASI 600, sam pling the SWIR, and
TASI 600, sam pling the Ther mal In fra red (TIR). The SASI
600 shortwave in fra red (SWIR) data from this col lec tion
will be pro vided to this pro ject at some future date.

Sur vey sites were se lected to pro vide re al is tic ex am ples of
con di tions likely to be en coun tered dur ing ex plo ra tion in
BC (Fig ure 1). The six sites col lected by SpecTIR in cluded
two sites with ac tive sur face mines with good bed rock ex -
po sure of known al ter ation char ac ter is tics (Gi bral tar and
Mount Polley). One flight line sam pled an un der ground
past pro ducer, Blackdome, that has mod er ate ex po sure and
well-known ge ol ogy. An other flight line cov ers an area of
known al ter ation above the treeline, the Li mo nite oc cur -
rence in the Taseko Lakes area. The Pros per ity de posit was
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sam pled with an other line to pro vide an ex am ple of an area
with ac tive ex plo ra tion and lim ited ex po sure. The sixth
flight line sam pled a heavily veg e tated area in the Lang
Lake re gion. The com bi na tion of sites pro vides a variety of
surface exposure conditions, geology and deposit types.

The two sites flown by ITRES dur ing their in stru ment test -
ing flight in cluded past pro duc ers and pros pects at Kick ing
Horse Pass and Ice River. The Kick ing Horse site in cludes
car bon ate rocks that hosted Mis sis sippi Val ley–type de pos -
its, and the Ice River site in cludes carbonatite and skarn de -
pos its of the Ice River complex.

In the IAT, the hyperspectral  im ag ery is
orthorectified and at mo spher i cally cor rected. This 
al lows any anal y sis to be im me di ately in te grated
with the ex ist ing geo log i cal in for ma tion con -
tained in MapPlace, such as geo log i cal maps and
min eral oc cur rence, geo phys i cal and geo chem i cal 
data. The orig i nal im age data can also be down -
loaded for offline pro cess ing in im age-anal y sis
soft ware. The in for ma tion is avail able in ra di ance
and reflectance values, and is provided in BIL
format.

Hyperspectral Imagery

Field spec trom e ters are now in com mon use dur -
ing ex plo ra tion pro grams where the iden ti fi ca tion
of al ter ation min er al ogy is es sen tial to the un rav el -
ling of the min er al iza tion pro cess. Hyperspectral
im ag ery is sim ply an ex ten sion of this tech nique to 
the gen er a tion of im ag ery with an im ag ing spec -
trom e ter. Hyperspectral im ag ery has been de fined
as “the ac qui si tion of im ages in hun dreds of reg is -

tered, con tig u ous spec tral bands such that for each pic ture
el e ment it is pos si ble to de rive a com plete reflectance spec -
trum” (Goetz, 2002). Im ag ing spec trom e ters have been
mounted on a wide va ri ety of plat forms, such as space craft,
air craft, mo tor ve hi cles and work benches. Spa tial sam ple
spac ing com monly ranges from a couple of millimetres
(core loggers) to tens of metres (Hyperion).

The SpecTIR sen sors sam ple the elec tro mag netic spec trum 
in a con tin u ous man ner with 178 bands (VNIR and SWIR).
The ITRES sen sor col lects 100 con tin u ous bands in the
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Fig ure 1. Lo ca tions of the eight dem on stra tion sites: 1) Blackdome, 2) Gi bral tar, 3) Lang Lake, 4) Li mo nite, 5) Mount Polley, 6) Pros per ity, 7) 
Kick ing Horse, and 8) Ice River.

Fig ure 2. Com par a tive spec tral plot of spec tra ob tained from three sen sors:
SpecTIR (green), ASTER (blue) and Land sat (cyan).The li brary spec trum for
kaolinite is shown in red. The inflexion points on the Land sat and ASTER
spec tra mark the lo ca tions of their bands. Note the dis tinc tive ab sorp tion fea -
ture at ~2.2 µm. Shaded ‘H2O’ ar eas in di cate re gions of the elec tro mag netic
spec trum blocked by at mo spheric wa ter.



SWIR por tion of the spec trum. The other ma jor im age
types in cluded in the IAT, Land sat and ASTER, are
multispectral imagers that sam ple only a lim ited num ber of
bands, 6 and 9 re spec tively (within the VNIR and SWIR).
Fig ure 2 il lus trates the spec trum that would be ob tained by
these three sen sors. It is ob vi ous that only the SpecTIR
hyperspectral sen sor pro vides enough read ings to ac cu -
rately de fine the com plete reflectance spectrum of the
mineral being examined.

SpecTIR Imagery

The hyperspectral im ag ery ob tained for this pro ject by
SpecTIR LLC was col lected on Au gust 1, 2007 from a
fixed-wing air craft fly ing ap prox i mately 1155 m above the
ground sur face. A sun el e va tion an gle of about 56° was
avail able on this date at the lat i tude of the sites. The re sult -
ing im ag ery has a pixel size and ground sam ple dis tance
(GSD) of about 1.5 m. The im ages are 296 sam ples (pix els)
wide. The full width at half max i mum (FWHM; i.e.,
bandwidths) for the 178 bands ranges from 9.1 to 12.6 nm.
In di vid ual flight lines ranged from 4.2 to 18.7 km in length.
re quir ing be tween 2 800 and 12 500 scan lines re spec tively.
This sam ple den sity re sults in about 21 mil lion in di vid ual
spec tra be ing col lected dur ing this pro ject. The im ag ery is
pro vided in ra di ance and reflectance val ues. The at mo -
spheric cor rec tion used to con vert the data from ra di ance to
reflectance was per formed by SpecTIR us ing the ATCOR4
com mer cial soft ware that em ploys the MOTRAN4 ra di a -
tive trans fer code. The raw reflectance out put spec tra were
then mod i fied and pol ished to re move any model- or sen -

sor-re lated ar ti facts with pro pri etary SpecTIR tech niques.
Orthorectification so lu tions for the imagery were also
provided using information obtained from the onboard
GPS/INS sensor.

The AISA DUAL sen sor pack age of im ag ing spec trom e ters 
was used to col lect the im age data from two ad ja cent ranges 
of the elec tro mag netic spec trum. The AISA Ea gle was used 
to col lect 59 bands of in for ma tion from the VNIR range of

the spec trum (0.4–0.95 µm), and the AISA Hawk was used
to col lect 119 bands from the SWIR range (0.967–

2.45 µm). A full de scrip tion of this in stru ment pack age is
avail able from the man u fac turer, Spectral Imaging Ltd.

ITRES Imagery

The hyperspectral im ag ery ob tained for this pro ject by
ITRES Re search was col lected on July 12, 2007. The de -
tails of this col lec tion and sub se quent pro cess ing are not yet 
avail able, but the sen sor used was the SASI 600, which col -

lects 100 bands be tween wave lengths of 0.95 and 2.45 µm,
with a band width of about 15 nm.

Survey Sites

Six sites were se lected for in clu sion as hyperspectral dem -
on stra tion lo ca tions. The sites were lo cated in the in te rior
re gion of the prov ince and in clude a va ri ety of sur face ex -
po sure con di tions and geo log i cal en vi ron ments (Fig ure 1).
The IAT con tains Land sat and ASTER cov er age for all
these sites and the abil ity to com pare ca pa bil i ties be tween
the dif fer ent im age types. Most of the sites have de tailed
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Fig ure 3. Blackdome hyperspectral false-col our im age draped over Google™ Earth ter rain. El lipse marks the area of the mine’s sur face
dis tur bance. Im age is about 11 km wide.



ex plo ra tion in for ma tion avail able in the form of BC Min -
eral As sess ment Re ports, and all have re gional ge ol ogy,
geo chem is try and geo phys i cal information available for
reference in MapPlace.

Blackdome

The Blackdome site is cen tred on the mine site at 51.314°N, 
122.50°W. The one flight line col lected for this site is 11 km 
long, about 400 m wide (Fig ure 3) and has a bear ing of
about 200°. The site in cludes the Blackdome past-pro duc -
ing epi ther mal Au-Ag vein de posit and the Mi das epi ther -
mal Au-Ag show ing, MINFILE 092O 053 (MINFILE,
2007). The flight line in cludes the tran si tion from heavily
for ested to al pine veg e ta tion. Sur face to pog ra phy ranges
from 1700 to 2220 m. South of the mine site, the flight line
cov ers ter rain that is un dis turbed; north of the mine site, it
par al lels the main mine ac cess road. The ge ol ogy cov ered
by the flight line in cludes Early–Mid dle Ter tiary vol ca nic
and as so ci ated volcaniclastic sed i men tary rocks cut by
small in ter me di ate to mafic dikes. A sig nif i cant fault is also
pres ent in the south ern por tion of the flight line. The var ied
ex po sure types and pres ence of a sig nif i cant epi ther mal
sys tem should prove to be a very interesting site for hyper -
spectral analysis in the BC context.

Gibraltar

The Gi bral tar site is cen tred on the pro duc ing Cu-Mo por -
phyry open pit mine at 52.514°N, 122.273°W, MINFILE
093B 012 (MINFILE, 2007). Three over lap ping flight lines 

were col lected at this site to pro vide cov er age over an area
mea sur ing 9.6 km long by about 1 km wide. In ad di tion to
the ac tive mine site with its good rock ex po sure, the flight
lines in clude ar eas of typ i cal log ging and min eral ex plo ra -
tion fea tures (Fig ure 4). The lines are ori ented north-south
to take full ad van tage of the so lar il lu mi na tion. The flight
line is un der lain by the Early Ju ras sic Gran ite Moun tain
batholith. All three phases of this batholith are im aged by
these flight lines: the South ern Bor der phase; the Mine
phase tonalite and North ern Bor der phase; and the Gran ite
Moun tain phase. The sur face to pog ra phy is rel a tively sub -
dued, with the av er age el e va tion be ing about 1200 m. This
site of fers the op por tu nity to ex am ine very good ex po sures
of this deposit, with its well described alteration minerals
and structures.

Lang Lake

The Lang Lake site is a sin gle flight line cen tred at 51.93°N, 
120.9°W. The line is ori ented ap prox i mately north-south
and is 18.7 km long and about 400 m wide (Fig ure 5). There
are five known show ings and one pros pect within 1 km of
the flight line. There are a num ber of very in ter est ing cop -
per, mo lyb de num and gold Re gional Geo chem i cal Sur vey
(RGS) stream sed i ment val ues in the area of the flight line.
The north ern por tion of the line is un der lain by Tri as sic–Ju -
ras sic plutonic rocks of the Takomkane and Thuya
batholiths. The south ern por tion is un der lain by Late Tri as -
sic ba salt flows. A num ber of faults cross cut the flight line.
The re cently re leased Bonaparte East multiparameter geo -
phys i cal sur vey (Miles et al., 2007) pro vides de tailed in for -
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Fig ure 4. Gi bral tar hyperspectral false-col our im age draped over Google™ Earth ter rain. The hyperspectral im age is a mo saic con structed
from the three in di vid ual lines flown over this site.
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Fig ure 5. Lang Lake hyperspectral false-col our im age draped over Google™ Earth ter rain. The im age is about 12 km wide. The
high-res o lu tion Google Earth back ground im age in the lower part of this fig ure is not prop erly reg is tered (about 300 m too far
west). Google Earth is used here to show the top o graphic re lief.

Fig ure 6. Li mo nite site hyperspectral false-col our im age draped over Google™ Earth ter rain. Taseko Lakes can be seen in the
up per por tion of the im age. The red in the hyperspectral im age rep re sents chlo ro phyll-bear ing veg e ta tion.



ma tion for the en tire flight line. This site was se lected as an
ex am ple of typ i cal poorly ex posed ter rain in the in te rior
por tion of the prov ince. The area has been par tially logged
and heavily in fested with moun tain pine bee tle. Rock ex po -
sures are lim ited to man-made sur face dis tur bances as so ci -
ated with log ging and along wa ter fea tures. The com bi na -
tion of in ter est ing geo chem is try, good geo phys ics and poor
sur face ex po sure at this site will provide a good test of the
capabilities of hyperspectral imagery.

Limonite

The Li mo nite site is a sin gle flight line cen tred at 51.086°N, 
123.4756°W, MINFILE 092O 010 (MINFILE, 2007). The
line is ori ented north-south and is 4.2 km long and about
500 m wide (Fig ure 6). The line sam ples typ i cal al pine ex -
po sures of vari ably al tered rock types. El e va tion along the
flight line ranges from 2000 to 2670 m. Sig nif i cant cop per
and gold RGS stream sed i ment val ues are pres ent in
streams drain ing the area of the flight line, and known por -
phyry min er al iza tion has been dis cov ered in the area. This
site is the only one to in clude small gla ciers and snow
fields. The north ern por tion of the line cov ers Late Cre ta -
ceous volcaniclastic strata of the Powell Creek For ma tion
and the south ern por tion is un der lain by Late Cre ta ceous
granodioritic in tru sive rocks of the Coast Plutonic Com -
plex. The cen tral por tion of the line is un der lain by a Late
Cre ta ceous–Early Ter tiary feld spar por phyry. This site pro -
vides an ex cel lent ex am ple of typ i cal al pine ter rain to be
found in the prov ince. It also sam ples the con tact of the
Coast Plutonic Complex and contains obvious visible
alteration minerals.

Mount Polley

The Mount Polley site, MINFILE 093A 008, was sam pled
with three over lap ping flight lines cen tred on the Mount
Polley pro duc ing alkalic por phyry Cu-Au open pit mine at
52.55°N, 121.6345°W (Fig ure 7; MINFILE, 2007). The
lines are ori ented north-south, and are about 12 km long
and cover a width of about 1.0 km. They cover ar eas of the
Early Ju ras sic Nicola Group volcaniclastic rocks and the
de posit-host ing fel sic Ju ras sic–Tri as sic Polley stock.
Propylitic and potassic al ter ation are pres ent around the
min er al iza tion, and a zone of gar net-epidote al ter ation has
been noted be tween these two zones. Be yond the mine
work ings, the sur face is well veg e tated. Var i ous ages of
log ging and min eral ex plo ra tion roads and drill sites pro -
vide ground ex po sures in these veg e tated ar eas. In for ma -
tion from a re cent, high-res o lu tion, he li cop ter-borne,
multiparameter geo phys i cal sur vey is avail able for the area
cov ered by the flight lines (Shives et al. 2004). This site will 
pro vide a good ex am ple of al ter ation min er al iza tion as so ci -
ated with alkalic por phyry de pos its, as well as in clud ing
areas at various stages of reforestation and some mineral
exploration features.

Prosperity

The Pros per ity site is a sin gle north-south flight line cen tred 
on the Pros per ity Cu-Mo por phyry de posit at 51.466°N,
123.630°W, MINFILE 092O 041 (MINFILE, 2007). The
line is 6.3 km long and about 500 m wide (Fig ure 8). The
area sam pled by this flight line is an ex am ple of very poor
ex po sure, with the north ern por tion be ing cov ered with
Pleis to cene–Ho lo cene al lu vium and till, while the south ern 
por tion is cov ered with Mio cene–Pleis to cene Chil cotin
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Fig ure 7. Mount Polley hyperspectral false-col our im age mo saic draped over Google™ Earth ter rain. The hyperspectral mo saic is con -
structed from the three in di vid ual im ages col lected over this site. Bare rock ex po sure ap pears pink in this false-col our im age.



Group al ka line vol ca nic rocks. Some ground ex po sure is
avail able in the form of log ging and ex plo ra tion roads, and
drill sites. There are sev eral ex cel lent cop per and gold RGS
stream sed i ment val ues in drainages cross ing the area of the 
flight line. The site has been well doc u mented and there is a
re cent (1995), high-res o lu tion, multiparameter geo phys i -
cal sur vey avail able (Shives et al., 2005). This site was se -
lected to in ves ti gate the po ten tial of hyperspectral im ag ery
to provide additional information in an area with thick
cover.

Kicking Horse

The Kick ing Horse site is cen tred on the Kick ing Horse
past-pro duc ing Pb-Zn mine at 51.424°N, 116.445°W,
MINFILE 082N 020 (MINFILE, 2007). The de posit is lo -
cated within a thick suc ces sion of mas sive to thin-bed ded
lime stone and do lo mite of the Mid dle Cam brian Ca the dral
For ma tion. The site falls within Yoho Na tional Park but
pro vides a good ex am ple of a car bon ate-hosted de posit that
could be found else where in the province.
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Fig ure 8. Pros per ity hyperspectral false-col our im age draped over Google™ Earth ter rain. The el lipse marks the area un der lain by the de -
posit. The reg u lar pat tern of ex plo ra tion drill sites can be eas ily seen on the back ground Land sat im ag ery, as well as in the hyperspectral im -
age.



Ice River

The Ice River site is lo cated west of the Ice River in Yoho
Na tional Park, cen tred about 57.17°N, 116.46°W. The site
sam ples the ultrabasic Ice River in tru sive com plex and as -
so ci ated skarn de pos its. Carbonatite is pres ent within the
im aged area. The site is above the treeline and should pro -
vide an ex am ple of some very in ter est ing min eral
assemblages.

Image Analysis Toolbox Enhancements

New Imagery

The SpecTIR hyperspectral im age data can be in ter ac tively
an a lyzed in the same man ner as the pre vi ously ex ist ing
Land sat, ASTER, AVIRIS and Hyperion data. The im ages
are named S1 through S10 and their foot prints can be tog -
gled on and off with the ‘SpecTIR’ but ton on the ini tial IAT
tool panel. Ac cess to the down load able SpecTIR
hyperspectral data is through the ‘SpecTIR Down load’ but -
ton (Fig ure 9). A new down load but ton for the ITRES im ag -
ery will be added when the im ag ery becomes available.

The down load able SpecTIR data will be avail able in ra di -
ance and reflectance val ues. The im age data will be in Band
In ter leaved by Line (BIL) for mat. The im ages will be di -
vided into data cubes that can be readily down loaded. The
cubes will be 296 pix els wide and con tain 178 bands. The
num ber of scan lines in each data cube will be de cided fol -

low ing anal y sis of down load speeds ob tained through the
fi nal server con fig u ra tion. The orthorectification so lu tion
will be pro vided in ENVI’s (En vi ron ment for Vi su al iz ing
Im ages) In put Ge om e try (IGM) for mat that pro vides the
co-or di nates (UTM Zone 10, WGS-84) for each im age
pixel resulting from the orthorectification process.

SpecTIR hyperspectral im ag ery avail able for on line anal y -
sis is orthorectified and at mo spher i cally cor rected. In the
IAT, it is es sen tial that the im ag ery is orthorectified so it can
be in te grated with all the sup port ing GIS data avail able in
MapPlace. The down load able im age cubes are avail able in
the raw form with ac com pa ny ing files to enable
orthorectification.

New Tools

Two new ca pa bil i ties have been added to the IAT to en -
hance its anal y sis ca pa bil i ties. These new ca pa bil i ties can
be used with the Land sat, ASTER, ITRES and SpecTIR
datasets.

Spectrum Viewer

The abil ity to view the spec trum from a spe cific im age pixel 
or a sam ple from the in cluded USGS Min eral Spec tral Li -
brary has been added to the Spec tral An gle Map per (SAM)
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Fig ure 9. In tro duc tory IAT panel in the Ex plo ra -
tion As sis tant map on MapPlace. The new
SpecTIR hyperspectral im ag ery can be ac -
cessed for on line anal y sis or down loaded
through the two new but tons on this panel.

Fig ure 10. New lay out of the ‘Spec tral An gle
Map per’ panel. The 420 en tries in the USGS
Min eral Spec tral Li brary are avail able through
the pull-down se lec tion box. The ‘View Spec -
trum’ but ton pro duces a spec trum plot of the se -
lected spec trum.



tool. Once a tar get pixel has been dig i tized from the im age
be ing an a lyzed, or one of the li brary spec tra has been se -
lected, the ‘View Spec trum’ but ton can be clicked to pres -
ent a dis play of the spec trum (Fig ure 10). The ‘Min i mum
Band’ and ‘Max i mum Band’ se lec tion boxes can be used to
se lect the range of con tig u ous bands to be dis played in the
spec trum plot. The se lected spec trum, from the im age or
spec tra li brary, can also be used to per form a SAM anal y sis
on the im age sim ply by click ing on the ‘Dig i tize Cen tre of
In ter est’ but ton and then click ing on a point on the im age.
The abil ity to view im age spec tra is a very pow er ful ca pa -
bil ity in the interactive investigation of an image
(Figure 11).

Spectral Library Reference

The USGS Min eral Spec tral Li brary has been added to the
IAT to pro vide known ref er ence spec tra for com par i son
with spec tra from im ages con tained in the IAT. The de tailed 
spec tra con tained within this li brary have been resampled
to cor re  spond to  Land sat,  ASTER and SpecTIR
bandwidths. The ap pro pri ate resampled li brary is loaded
when any of these three im age types is be ing an a lyzed. The
USGS Spec tral Li brary con tains lab o ra tory-ob tained spec -
tra from 420 min er als. The spec tra span the range from

0.3951 to 2.56 µm. As a re sult of the li brary spec tra only
sam pling the VNIR and SWIR range of the elec tro mag netic 
spec trum, the TIR (Ther mal In fra red) bands of ASTER and
Land sat are not rep re sented and are not dealt with when
com par ing to the USGS Spec tral Li brary. The spec tra ob -
tained from the spec tral li brary are in reflectance val ues.
Both the ASTER and SpecTIR im ag ery have been con -
verted to reflectance or rel a tive reflectance values and, as
such, the spectral shapes are comparable.

Summary

Eight sites in south ern BC have been sam pled with high
spa tial and spec tral res o lu tion hyperspectral sen sors. The
re sult ing hyperspectral im ag ery is avail able for on line
anal y sis and in te gra tion with other min eral ex plo ra tion
data in MapPlace or down loading for offline anal y sis. The

pur pose of the pro ject was to pro vide ex am ples within
Brit ish Co lum bia of high-qual ity hyperspectral im ag ery to
al low the ex plo ra tion com mu nity to as sess its value in a
num ber of var ied sit u a tions. As such, the se lected tar get
s i tes  in  c lude a  range of  sur  face and geological
characteristics common in BC.

Mod i fi ca tions were made to the IAT to en hance the anal y sis 
ca pa bil i ties of this on line toolbox.

This prog ress re port was pre pared just as the fi nal data
prod ucts from SpecTIR were re ceived and ITRES im ag ery
was ex pected. Ad di tional anal y sis of the im ag ery will be
per formed dur ing the life of this pro ject to high light the ca -
pa bil i ties of this exploration tool.
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Introduction

Volcanogenic strata of the mid-Pa leo zoic Sicker Group on
Van cou ver Is land (Fig ure 1) oc cur in sev eral dis tinct base -
ment highs (re ferred to as ‘up lifts’ herein). These rocks host 
the world-class Myra Falls volcanogenic mas sive sul phide
(VMS) de posit (com bined pro duc tion and proven and
prob a ble re serves in ex cess of 30 mil lion tonnes of Zn-Cu-
(Au-Ag) ore), as well as nu mer ous other VMS de pos its and
oc cur rences, es pe cially in the Big Sicker Moun tain area in
the south east ern part of the Cowichan Lake up lift (Fig -
ure 1). Three of these de pos its, the Lenora, Tyee and Rich -
ard III (MINFILE oc cur rences 092B 001, 002, 003) have
seen lim ited his tor i cal pro duc tion, and the Lara de posit
(MINFILE oc cur rence 092B 129), far ther to the north west,
also con tains a sig nif i cant drill-in di cated re source. Geo log -
i cal map ping (Massey and Fri day, 1987; Mortensen, 2005;
Ruks and Mortensen, 2006) sug gests that the ge ol ogy of the 
Mount Sicker area con sists mainly of de formed mafic to
fel sic vol ca nic and volcaniclastic rocks of the Nitinat and
McLaughlin Ridge for ma tions, and high-level in tru sions of 
the Saltspring in tru sive suite, as well as abundant gabbroic
dikes and sills of the Triassic Mount Hall gabbro.

Geo log i cal map ping in the Cowichan Lake up lift of the
Port Alberni area (Massey and Fri day, 1989) in di cates that
this area is largely un der lain by ba salt to ba saltic-an de site
vol ca nic rocks of the Duck Lake and Nitinat for ma tions, re -
spec tively, in ad di tion to fel sic tuffaceous volcaniclastic
rocks be long ing to the McLaughlin Ridge For ma tion. The
na ture of the McLaughlin Ridge For ma tion rocks in the
Port Alberni area is in ter preted to rep re sent de po si tion dis -
tal from a vol ca nic cen tre, which is thought to be rep re -

sented in the Saltspring Is land–Cowichan Lake area by fel -
sic in tru sive rocks of the Saltspring intrusive suite (Massey
and Friday, 1989).

The Deb bie 3 VMS oc cur rence is hosted by Sicker Group
rocks of the Port Alberni area (MINFILE oc cur rence
092F 445) but, un like the ma jor ity of VMS oc cur rences in
the Sicker Group, is not as so ci ated with fel sic vol ca nic
rocks of the McLaughlin Ridge For ma tion. In stead, the oc -
cur rence is in ter preted to be hosted by mafic vol ca nic rocks
of the un der ly ing Duck Lake and Nitinat for ma tions and
may there fore rep re sent the old est known VMS min er al iza -
tion in the Sicker Group.

Abun dant iron for ma tions that may be exhalitive in or i gin
are also pres ent in Sicker Group rocks of the Port Alberni
area (e.g., the Lacy Lake and Esary Lake show ings;
MINFILE oc cur rences 092F 245 and 244, re spec tively).
These iron for ma tions are sim i lar to those oc cur ring in
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Fig ure 1. Dis tri bu tion of Pa leo zoic strata of the Sicker and Buttle
Lake groups on Van cou ver Is land and the Gulf Is lands.



rocks that are stratigraphically above VMS min er al iza tion
at the Myra Falls, Lara, Lenora, Tyee and Rich ard III oc cur -
rences, and are be lieved to rep re sent ox ide-fa cies iron min -
er al iza tion re lated to hy dro ther mal min er al iz ing sys tems
sim i lar to those that formed the un der ly ing VMS de pos its.
As with the Deb bie 3 VMS oc cur rence, how ever, the iron
for ma tions of the Port Alberni area are un der lain by mafic
volcanic rocks of the Duck Lake or Nitinat formations.

If the Deb bie 3 VMS oc cur rence is in deed the same age as
the po ten tial VMS-re lated exhalitive iron for ma tions in the
same gen eral area, this makes the Port Alberni area, spe cif i -
cally where it is un der lain by rocks of the Nitinat and Duck
Lake for ma tions, sig nif i cantly more pro spec tive for VMS
min er al iza tion than was pre vi ously ap pre ci ated. Log ging
ac tiv ity in the area over the past de cade has pro vided abun -
dant new out crops and greatly im proved ac cess, and has
prompted a re-ex am i na tion of the geo log i cal set ting of
VMS min er al iza tion and of the potential for new
discoveries in this area.

Both re con nais sance and de tailed geo log i cal map ping, to -
gether with sam pling for lithogeochemistry, U-Pb zir con
dat ing, and Nd, Hf and Pb iso to pic stud ies, were con ducted
over a 20-day pe riod in the Port Alberni area in Oc to ber
2007. This work was con cen trated in the vi cin ity of the
Deb bie 3 VMS oc cur rence and the area of po ten tially cor re -
la tive exhalitive iron for ma tions to the west. This re port
pres ents a pre lim i nary ver sion of re vised geo log i cal map -
ping in this area, with em pha sis on un der stand ing the ge ol -
ogy in the vi cin ity of the Deb bie 3 VMS oc cur rence and the
po ten tially cor re la tive Lacy and Esary Lake exhalitive iron
formations.

Regional Geology of the Sicker Group

The mid-Pa leo zoic Sicker Group on south ern and cen tral
Van cou ver Is land rep re sents the stratigraphically low est
por tion of the Wrangellia Terrane. Equiv a lents of the
Sicker Group are not pres ent in Wrangellia in north west ern
Brit ish Co lum bia, south west ern Yu kon and south ern
Alaska, where the old est rock units are the Skolai Group,
which is no older than Penn syl va nian (e.g., Katvala, 2006).
This, and other dif fer ences be tween the Wrangellian stra -
tig ra phy on Van cou ver Is land and that in more north erly ex -
po sures, em pha sizes the lack of un der stand ing re gard ing
much of Wrangellia (e.g., Katvala, 2006) and the need for
fur ther stud ies. The Cowichan Lake up lift on Van cou ver Is -
land and ad ja cent por tions of the Gulf Is lands, which is the
main fo cus of this study, is the larg est of four up lifts that ex -
pose the Sicker and overlying late Paleozoic Buttle Lake
groups (Figure 1).

Pre vi ous de tailed stud ies of the Sicker Group have fo cused
mainly on the strati graphic set ting of VMS min er al iza tion
at the Myra Falls de pos its in the Buttle Lake up lift (Fig -
ure 1; e.g., Juras, 1987; Barrett and Sherlock, 1996). Re -

gional map ping of the Cowichan Lake up lift by Massey and 
Fri day (1987, 1989) and Yorath et al. (1999) led to an in ter -
preted strati graphic frame work that may be ap pli ca ble to
the en tire Sicker Group (Fig ure 2). This strati graphic
frame work, how ever, is based on map ping in only one of
the four main up lifts of Sicker Group rocks, and is sup -
ported by a very lim ited amount of biostratigraphic and iso -
to pic age data (e.g., Brandon et al., 1986). Ma jor along- and 
across-strike fa cies changes and geo chem i cal vari a tions
are to be ex pected in sub ma rine vol ca nic se quences such as
the one that forms the Sicker Group; hence, the re gional ap -
pli ca bil ity of the pro posed strati graphic frame work of
Yorath et al. (1999) must be tested with de tailed map ping
and sub se quent lithogeochemical and U-Pb dat ing stud ies.
This is crit i cal for re gional ex plo ra tion for VMS de pos its
within the Sicker Group. For ex am ple, the ques tions of
whether VMS de pos its and oc cur rences in the Cowichan
Lake up lift are all of the same age, and whether their
hostrocks are di rectly cor re la tive with those that host the
Myra Falls deposit, are of obvious importance.

The Sicker Group within the Cowichan Lake up lift is pres -
ently in ter preted to rep re sent three dis tinct and re gion ally
mappable vol ca nic and volcaniclastic as sem blages that to -
gether are thought to re cord the evo lu tion of an oce anic
mag matic arc (Massey, 1995; Yorath et al., 1999). The low -
er most Duck Lake For ma tion yields mainly nor mal mid-
ocean-ridge ba salt (N-MORB) geo chem i cal sig na tures
(Massey, 1995) and is in ter preted to rep re sent the oce anic
crust base ment on which the Sicker arc was built. The up per 
por tions of the Duck Lake For ma tion yield tholeiitic to
calcalkaline com po si tions and may rep re sent prim i tive arc
rocks. The Duck Lake For ma tion is over lain by the Nitinat
For ma tion, which com prises mafic, sub ma rine, vol ca nic
and volcaniclastic rocks with dom i nantly calcalkaline com -
po si tions and trace-el e ment sig na tures typ i cal of vol ca nic
arc set tings. These rocks are in ter preted as an early stage of
arc de vel op ment. The andesitic to mainly dacitic and
rhyolitic McLaughlin Ridge For ma tion that over lies the
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Fig ure 2. Strati graphic no men cla ture for the Sicker and Buttle
Lake groups on Van cou ver Is land (Yorath et al., 1999).



Nitinat and hosts the Myra Falls de posit re flects a more
evolved stage of arc ac tiv ity. Erup tion of Nitinat vol ca nic
and volcaniclastic rocks ap pears to have oc curred from
sev eral widely scat tered cen tres, whereas the McLaughlin
Ridge For ma tion within the Cowichan Lake up lift is
thought to rep re sent erup tion from one or more ma jor vol -
ca nic ed i fices. The abun dance of prox i mal fel sic
volcaniclastic rocks and the pres ence of vo lu mi nous
comagmatic fel sic in tru sions (Saltspring in tru sions) in the
Saltspring Is land and Duncan ar eas (Fig ure 1) in di cates
that one of these ma jor vol ca nic cen tres was lo cated in this
area. Plant ma te rial and trace fos sils in di cate that at least a
mi nor amount of the McLaughlin Ridge vol ca nism oc -
curred in a subaerial set ting. In the Port Alberni area, the
McLaughlin Ridge For ma tion com prises fel sic, fine-
grained tuffaceous volcaniclastic and epiclastic rocks, in di -
cat ing de po si tion dis tal from a vol ca nic cen tre. De po si tion
of sed i men tary and vol cano-sed i men tary rocks of the over -
ly ing Fourth Lake For ma tion of the Buttle Lake Group fol -
lowed the ces sa tion of Sicker arc magmatism, and scarce
mafic vol ca nic rocks con tained within the Fourth Lake For -
ma tion yield en riched tholeiitic rather than the calcalkaline
com po si tions that characterize the McLaughlin Ridge.
Massey (1995) speculated that the Buttle Lake Group may
represent a marginal-basin assemblage that developed on
top of the Sicker arc.

Stud ies of the Sicker and Buttle Lake groups on south ern
Saltspring Is land at the south east ern end of the Cowichan
Lake up lift by Sluggett (2003) and Sluggett and Mortensen
(2003) pro vided new U-Pb zir con age con straints on both
fel sic vol ca nic rocks of the McLaughlin Ridge For ma tion
and sev eral bod ies of Saltspring in tru sions. This work dem -
on strates that two dis tinct ep i sodes of fel sic magmatism oc -
curred in this por tion of the Cowichan Lake up lift. One
sam ple of fel sic vol ca nic rocks from the McLaughlin Ridge 
For ma tion and three sam ples of Saltspring in tru sions
yielded U-Pb ages in the range 359.1–356.5 Ma. A some -
what older U-Pb age of 369.7 Ma was ob tained from a sep a -
rate body of the Saltspring in tru sions at Burgoyne Bay on
the south west side of Saltspring Is land, in di cat ing that
magmatism rep re sented by the McLaughlin Ridge For ma -
tion and as so ci ated Saltspring in tru sions oc curred over a
time span of at least 15 mil lion years. There is in suf fi cient
age con trol avail able at this point to de ter mine whether the
magmatism was continuous or episodic during this time
period.

Results of New Mapping in the Port Alberni
Area

Map ping of Sicker Group bed rock ge ol ogy and sam pling
for lithogeochemistry, U-Pb zir con and Ar-Ar hornblende
geo chron ol ogy, and Pb, Nd and Hf iso tope tracer stud ies
was con ducted in the Port Alberni area (Fig ure 3). This
work was con cen trated in three main ar eas: 1) in the vi cin -

ity of the Lacy Lake and Esary Lake iron for ma tions, lo -
cated be tween Lacy and Horne lakes; 2) in the vi cin ity of a
pre vi ously mapped dacite unit to the north of the Port
Alberni high way; and 3), in the vi cin ity of the Deb bie 3
VMS oc cur rence, lo cated to the south of the Port Alberni
high way (Fig ure 3). Map ping was con ducted us ing ESRI’s
Arcpad™ 7 on an HP IPaq HX4700 Pocket PC hard wired
to a Garmin 76CS GPS. The Brit ish Co lum bia Geo log i cal
Sur vey’s re gional ge ol ogy com pi la tion for UTM zone 10,
south west ern Brit ish Co lum bia was used (Massey et al.,
2005). Bed rock out crop in both ar eas is mod er ate, with the
best ex po sures con tained in log ging-road cuts. Off-road
ex po sures are typ i cally cov ered with thick lay ers of moss
and or ganic de tri tus, of ten in for ested, low-light con di -
tions.

Lacy Lake–Horne Lake Area

Stratified Rocks

The old est rocks in the Lacy Lake–Horne Lake area are as -
signed to the Duck Lake For ma tion (Fig ure 4; Massey and
Fri day, 1989). These con sist largely of mas sive, dom i -
nantly aphyric to weakly plagioclase-phyric, vari ably he -
ma tite-al tered ba salt flows, flow brec cias, lapilli tuffs, and
tuff brec cias (Fig ure 5). In the vi cin ity of the Lacy Lake
iron for ma tion, weakly to strongly he ma tite-al tered, com -
monly highly ve sic u lar ba salt flow autobreccias, lapilli
tuffs, and tuff brec cias are abun dant (Fig ure 5a). Car bon ate
al ter ation is lo cally abun dant in these vol ca nic rocks as
pink an ker ite veins up to 7 cm wide, and as car bon ate
amygdules up to 3 mm in size (Fig ure 5b). An ker ite vein ing
is most prev a lent in ba saltic rocks with the stron gest he ma -
tite al ter ation. Duck Lake For ma tion lapilli and tuff brec -
cias in this area are com monly rich in strongly he ma tite-al -
tered, ve sic u lar, variably carbonate amygdule–bearing
basalt clasts (Figure 5c).

Jasperoid iron for ma tion of the Lacy Lake show ing
(MINFILE 092F 245) is interbedded with green- to cream-
col oured chert and is in very sharp con tact with un der ly ing
he ma tite- and car bon ate-al tered autobreccia as signed to the 
Duck Lake For ma tion (Fig ures 5a and 6). The iron for ma -
tion it self is dark red and sil ica rich. The Lacy Lake iron for -
ma tion show ing is ap prox i mately 21 m thick and passes
gradationally up wards into a pack age of interbedded green
chert– and sil ica-rich mudstone and siltstone. Far ther
upsection, interbedded green chert– and sil ica-rich
mudstone grade into a pack age of mod er ately to well-
sorted, green-grey, in ter me di ate vol ca nic crys tal tuff, sand -
stone and siltstone. These units dis play ex cel lent nor mal
graded bed ding, in di cat ing they are up right (Fig ure 7). Still
far ther upsection, a dom i nantly ma trix-sup ported,
hematitic heterolithic brec cia to boul der con glom er ate be -
comes prev a lent. This unit is strongly heterolithic and var -
ies from ma trix to clast sup ported, with clasts up to boul der
size con sist ing of an gu lar, in ter me di ate vol ca nic sand -
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Fig ure 3. Re gional ge ol ogy (af ter Massey et al., 2005) of the Port Alberni area, with ar eas of study out lined in red.
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Fig ure 4. New geo log i cal map ping in the Lacy Lake–Horne Lake area, Port Alberni area. Re gional ge ol ogy af ter Massey et al. (2005).



stone; dark red, an gu lar, jasperoid iron for ma tion clasts;
dark green, ve sic u lar ba salt clasts; and cream to white,
subangular to rounded, variably crinoidal limestone
boulders (Figure 8).

In a sec ond out crop, ap prox i mately 450 m to the north west
of the Lacy Lake iron for ma tion show ing, jasperoid iron

for ma tion with in creas ing el e va tion grades into he ma tite-
bear ing, in ter me di ate vol ca nic sand stone, which be comes
pro gres sively more clast rich and coarse grained un til it ul -
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Fig ure 5. Ba saltic vol ca nic rocks of the Duck Lake For ma tion in the
Lacy Lake–Horne Lake area: a) he ma ti te-al tered ba salt
autobreccia with car bon ate ma trix; b) car bon ate amyg dule–bear -
ing ba salt with pink car bon ate (an ker ite) veins; c) ba salt tuff-brec -
cia con tain ing ve sic u lar, he ma tite-al tered clasts.

Fig ure 6. a) Sharp con tact be tween un der ly ing ba salt and
jasperoid iron for ma tion and green chert of the Lacy Lake oc cur -
rence (MINFILE 092F 245). b) Jasperoid iron for ma tion of the Lacy
Lake MINFILE oc cur rence is ap prox i mately 21 m in thick ness.

Fig ure 7. Mod er ately to well-sorted, green-grey, in ter me di ate vol -
ca nic crys tal tuff, sand stone and siltstone ex hib it ing nor mal grad -
ing.



ti mately be comes hematitic crinoidal lime stone-bear ing
heterolithic brec cia (Fig ures 9 and 10). The pres ence of
crinoidal lime stone as clasts within the heterolithic brec cia
that sits ap par ently con form ably above the Lacy Lake iron
for ma tion sug gests that these iron for ma tions and the ac -
com pa ny ing sed i men tary rocks may not be part of the Duck 
Lake For ma tion, as pre vi ously in ter preted, but in stead may
be part of the Fourth Lake For ma tion, which is be lieved to
be, in part, tem po rally equiv a lent to cri noid-bear ing lime -
stone of the Mt. Mark For ma tion (Buttle Lake Group;
Yorath et al., 1999). Float boul ders of dacite tuff-brec cia
were also ob served prox i mal to an out crop of crinoidal
lime stone–bear ing heterolithic brec cia (Fig ure 11a). These
boul ders are highly an gu lar in shape, sug gest ing lo cal sour -
cing, and con tain abun dant feld spar-phyric dacite clasts,
with mi nor, rounded, he ma tite-al tered ba saltic-an de site
clasts, (Fig ure 11b). In ad di tion, a small road bed out crop of
grey-green, peb ble to boul der con glom er ate with abun dant
subrounded peb ble- to boul der-size quartz-feld spar–phyric 
rhy o lite clasts is pres ent near the con tact be tween rocks
assigned to the Duck Lake Formation and those assigned to
the Nitinat Formation, to the north (Figure 12).
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Fig ure 8. a) and b) Ma trix- to clast-sup ported heterolithic brec cia,
with clasts up to boul der size con sist ing of an gu lar, in ter me di ate
vol ca nic sand stone; dark red, an gu lar, jasperoid iron for ma tion
clasts; dark green, ve sic u lar ba salt clasts; and cream to white,
subangular to rounded, vari ably crinoidal lime stone boul ders.

Fig ure 9. Interbedded jasperoid iron for ma tion and chloritic
siltstone, ap prox i mately 450 m north west of the Lacy Lake oc cur -
rence (MINFILE 092F 245).

Fig ure 10. Jasperoid iron for ma tion with in creas ing el e va tion
grades into he ma tite-bear ing, in ter me di ate vol ca nic sand stone,
which be comes pro gres sively more clast rich and coarse grained
un til it ul ti mately be comes hematitic crinoidal lime stone–bear ing
heterolithic brec cia.



The pres ence of fel sic vol cano-sed i men tary rocks sug gests
that the sed i men tary rocks in this area are part of the
McLaughlin Ridge For ma tion or pos si bly the Fourth Lake
For ma tion. Fur ther more, if the Lacy Lake iron for ma tions
are in deed hosted by the Fourth Lake or up per most
McLaughlin Ridge For ma tion, this sug gests that un der ly -
ing mafic vol ca nic rocks in this area, which are in sharp
con tact with the iron for ma tions, may rep re sent a com po -
nent of mafic vol ca nism be long ing to the McLaughlin
Ridge or Nitinat For ma tion. Exhalitive iron for ma tions are
abun dant else where in the Sicker Group, hosted in rocks as -
signed to the Fourth Lake and Thelwood for ma tions of sim -
i lar age, which stratigraphically over lie VMS min er al iza -
tion hosted by the McLaughlin Ridge For ma tion in the
east ern Cowichan Lake and Buttle Lake ar eas, re spec tively. 
To con strain the age of the Lacy Lake iron for ma tions,
abun dant sam ples of iron for ma tion and as so ci ated chert
were taken for possible radiolarian biostratigraphic studies.

Rocks as signed to the Nitinat For ma tion were ob served in
two main ar eas. First, strongly pyroxene-phyric ba saltic-
an de site ag glom er ate was ob served on the south side of
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Fig ure 11. a) Float boul ders of dacite tuff-brec cia lo cated prox i mal
to an out crop of crinoidal lime stone–bear ing heterolithic brec cia.
b) Close-up of dacite tuff-brec cia boul ders that shows them to be
highly an gu lar, sug gest ing lo cal sour cing, and to con tain abun dant
subangular to subrounded feld spar-phyric dacite clasts, with mi -
nor, rounded, he ma tite-al tered ba saltic-an de site clasts.

Fig ure 12. Clasts of peb ble- to boul der-size quartz-feld spar–
phyric rhy o lite clasts are found in a small road bed out crop of grey-
green, peb ble to boul der con glom er ate near the con tact be tween
rocks as signed to the Duck Lake For ma tion and those as signed to
the Nitinat For ma tion, to the north.

Fig ure 13. a) Pyroxene-phyric ba saltic-an de site ag glom er ate of
the Nitinat For ma tion. b) Pyroxene pheno crysts in ba saltic-an de -
site clast; in places, the pyroxene pheno crysts can reach 1 cm in
size.



Lacy Lake, with the best ex am ples found di rectly be neath a
power line (Fig ure 13a). Here, euhedral, green pyroxene
pheno crysts con sti tute up to 5% of the rock and reach up to
1 cm in size (Fig ure 13b). Nitinat For ma tion vol ca nic rocks
in this lo ca tion ap pear to be in fault con tact along their
north ern mar gin on the west side of Lacy Lake with a belt of 
Mt. Mark For ma tion crinoidal lime stone. The south ern
mar gin of this out crop of Nitinat For ma tion vol ca nic rocks
ap pears to be in con tact with fel sic tuffaceous rocks be long -
ing to the McLaughlin Ridge Formation.

The sec ond main area of Nitinat For ma tion ob served in this
study oc curs along the south ern shore of Horne Lake and
ex tends ap prox i mately 1500 m to the south, where it is in
con tact with mafic vol ca nic rocks of the Duck Lake For ma -
tion. Nitinat For ma tion along the south ern edge of Horne
Lake com prises mostly pyroxene-phyric ag glom er ate, tuff
brec cia and lesser lapilli tuff. Map ping dur ing this study
has iden ti fied a zone of Nitinat For ma tion ba saltic-
andesitic vol ca nic rocks ex tend ing well into an area pre vi -
ously mapped as Duck Lake For ma tion ba salt. To ac com -
mo date this new zone, the con tact be tween the Nitinat and
Duck Lake for ma tions south of Horne Lake has been ex -
tended an additional 600 m to the south (Figure 4).

Fel sic vol ca nic rocks as signed to the McLaughlin Ridge
For ma tion in this study were en coun tered in two ar eas (Fig -
ure 4). The south ern most ex po sure of this for ma tion in the
study area is lo cated south of Lacy Lake. It com prises
mainly light green-grey, dacitic ash tuff with small feld spar
crys tals; me dium-grained, dacitic vol ca nic sand stone; and
heterolithic, dacitic lapilli tuff, con sist ing of chert clasts up
to 4 mm in size, dark green, highly chlorite-al tered an de site
clasts up to 4 mm in size, and me dium to light green,
strongly seri cite-al tered dacite clasts up to 5 mm in size set
in a ma trix that may con tain fine-grained feld spar and
quartz crys tals (Fig ure 14a). The north ern most ex po sure of
McLaughlin Ridge For ma tion in the study area com prises
largely well-sorted, me dium-grained arkosic sand stone,
and thinly bed ded to lam i nated mudstone, siltstone and
buff- to creamy-weath er ing chert, with po ten tial fel sic ash
tuff com po nents (Fig ure 14b, c). Finer grained McLaughlin 
Ridge sed i men tary rocks in this area ex hibit nor mal graded
bedding, indicating an upright orientation (Figure 14a).

Rocks be long ing to the Fourth Lake For ma tion (Yorath et
al., 1999) were rec og nized to the south of Lacy Lake. This
small ex po sure, heavily in un dated with ba saltic dikes be -
long ing to the Karmutsen For ma tion, con sists of thinly
bed ded, cream-col oured chert; black mudstone; grey
siltstone; and grey to buff, well-sorted, fine-grained sand -
stone (Figure 15).

A sig nif i cant zone of crinoidal lime stone and as so ci ated
sed i men tary rocks be long ing to the Mt. Mark For ma tion of
the Buttle Lake Group has been rec og nized along the west -

ern shore of Lacy Lake, in ar eas pre vi ously mapped as
Nitinat and McLaughlin Ridge for ma tions. These car bon -
ate rocks are typ i cally me dium grey to buff, me dium-
grained, sandy-tex tured crinoidal packstone with up to 4%
by vol ume of cri noid os si cles up to 4 mm in di am e ter (Fig -
ure 16a). Lesser amounts of darker grey wackstone and
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Fig ure 14. Fel sic vol cano-sed i men tary rocks of the McLaughlin
Ridge For ma tion: a) dacitic heterolithic lapilli tuff; b) well-sorted,
me dium-grained arkosic sand stone, siltstone and thinly bed ded to
lam i nated mudstone; c) white-weath er ing, lam i nated chert or
cherty tuff.



white-weath er ing radiolarian chert are also pres ent (Fig ure
16b). The west ern lim its of this zone were not de ter mined
dur ing this study. This pack age of Mt. Mark For ma tion car -
bon ate and sed i men tary rocks was traced approximately
500 m to the northwest of Lacy Lake.

Intrusive Rocks

Ba saltic to diabasic vol ca nic rocks be long ing to the
Karmutsen For ma tion are abun dant in the field area, typ i -
cally oc cur ring as large dikes (Fig ure 17a). They are typ i -
cally dark green to black, mod er ately mag netic and dom i -
nantly equigranular, with acicular hornblende and
plagioclase pheno crysts av er ag ing 1 mm in length.

Hornblende granodiorite in tru sions as signed to the Mount
Wash ing ton in tru sive suite are pres ent in the field area, but
are less abun dant than ba saltic dikes of the Karmutsen For -
ma tion. These rocks are typ i cally por phy ritic, with up to
30% me dium-grained feld spar pheno crysts and 1–2%
hornblende pheno crysts. In places, hornblende pheno -
crysts can be up to 2 cm in length. These rocks tend to form
dikes and small in tru sions rang ing from 10 to 500 m in

length, of ten with ex cel lent chilled mar gins at their contacts 
(Figure 17b).

Structural Geology of the Lacy Lake–Horne Lake
Area

Bed ding of sed i men tary and vol cano-sed i men tary rocks in
the Lacy Lake–Horne Lake area is dom i nantly north west
strik ing, with mod er ate dips to the north east (Fig ure 4).
Rare dis rup tions to this fab ric were ob served ap prox i -
mately 350 m north west of the Lacy Lake iron for ma tion,
and may in di cate the hinge area of a lo cal ized, tight, par a -
sitic, iso cli nal antiformal struc ture re lated to re gional F1

folding.

Felsic Volcanic Rocks of the Duck Lake
Formation

A mi nor amount of geo log i cal map ping and sam pling was
fo cused in the im me di ate vi cin ity of a quartz-feld spar–
phyric dacite flow-dome hosted in Duck Lake For ma tion
ba saltic vol ca nic rocks to the south of the BC Tel mi cro -
wave tower, north of the Port Alberni high way (Fig ure 3).
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Fig ure 15. Sed i men tary rocks of the Fourth Lake For ma tion: a)
thinly bed ded chert, siltstone and mudstone; b) lam i nated chert
and mudstone.

Fig ure 16. Car bon ate and sed i men tary rocks of the Mt. Mark For -
ma tion: a) grey to buff, me dium-grained, sandy-tex tured crinoidal
packstone with up to 4% cri noid os si cles up to 4 mm in di am e ter; b)
white-weath er ing radiolarian chert.



The goal of this map ping was to elu ci date whether or not
this unit was an in tru sion of McLaughlin Ridge For ma tion
age or a pre vi ously un rec og nized fel sic vol ca nic com po -
nent of the dom i nantly ba saltic Duck Lake For ma tion that
would be datable by U-Pb zircon geochronology.

Pre vi ous work ers have in ter preted this quartz-feld spar–
phyric dacite as a flow, and have traced it for ap prox i mately 
1.5 km along strike (Laanela et al., 1987). Dur ing the
course of this study, both mas sive dacite por phyry and
dacite brec cia were ob served in roadcut out crops. Mas sive
dacite por phyry in this area is char ac ter ized by large, buff-
to creamy-weath er ing out crops with 0.5% feld spar and
quartz pheno crysts up to 1 mm in size (Fig ure 18a). Feld -
spar is the dom i nant phenocryst phase, with quartz pheno -
crysts rare to ab sent in hand sam ple. Fresh sur faces are
grey-green in col our. Chlorite-al tered pheno crysts (pos si -
bly bi o tite) that form 0.25–0.5% of the rock are also pres -
ent. Weak to mod er ate seri cite al ter ation is pres ent lo cally,
as are car bon ate veinlets and rare dis sem i nated py rite. Rare
chal co py rite is also lo cally pres ent. Dacite brec cia was rec -

og nized ap prox i mately 150 m to the north west of the main
dacite body, and con sists of abun dant, vari ably feld spar-
phyric, vari ably sil ica-al tered, an gu lar dacite clasts up to
10 cm in size, com monly with autobrecciated mar gins (Fig -

Geoscience BC Re port 2008-1 87

Fig ure 17. a) Karmutsen For ma tion ba saltic dike cuts sed i men tary
rocks as signed to the Duck Lake For ma tion. b) In tru sion of
hornblende granodiorite cuts ba saltic-an de site rocks of the Nitinat
For ma tion.

Fig ure 18. a) Mas sive feld spar+quartz–phyric dacite flow in ba salt
as signed to the Duck Lake For ma tion. b) Dacite brec cia with
strongly sil ica+seri cite–al tered clasts, of ten con tain ing sul phide
min er al iza tion; cross cut ting quartz-car bon ate veinlets con tain
trace chal co py rite and bornite. c) Autobrecciated dacite clasts and
in tensely sil ica+seri cite–al tered clasts with py rite±chal co py rite
min er al iza tion.



ure 18b). The most in tensely sil ica-al tered clasts com monly 
con tain fine-grained dis sem i nated sul phide (py rite±chal -
co py rite) min er al iza tion (Fig ure 18c). Sul phide blebs and
pos si ble sul phide clasts up to 4 cm in size are also pres ent in 
the brec cia. The dacite brec cia is crosscut by quartz-
carbonate veinlets,  some of which contain trace
chalcopyrite and bornite.

Debbie 3 Volcanogenic Massive Sulphide
Occurrence

The Deb bie 3 volcanogenic mas sive sul phide oc cur -
rence (MINFILE oc cur rence 092F 445), cur rently owned
by Bitterroot Re sources Ltd., oc curs in mafic vol ca nic and
vol cano-sed i men tary rocks as signed to the Duck Lake and
Nitinat for ma tions, and is lo cated along the Cameron Main
log ging road, close to the in ter sec tion with the Mt.
Arrowsmith ski road. The show ing con sists of four
stratiform lenses of banded mas sive sphalerite, with mi nor
chal co py rite and ga lena, each band rang ing be tween 5 and
20 cm in thick ness. The best grade ob tained from sam pling
of this min er al iza tion by pre vi ous work ers in cludes 14.1%
Zn, 0.87% Pb and 0.12% Cu over a 20 cm thick ness
(MINFILE, 2007). The min er al iza tion is hosted in fine-
grained chloritic schist with vari able carbonate, sericite and 
silica alteration.

Map ping of the Deb bie 3 area has iden ti fied al ter nat ing
zones of mas sive ba saltic and ba saltic-an de site vol ca nic
rocks, with vari ably chlorite-, seri cite- and sil ica-al tered
mafic schist (Fig ure 19). Mafic vol ca nic rocks in this area
tend to oc cur as ro bust, mas sive out crops with lit tle to no
fo li a tion. In the north ern por tion of the map area, these out -
crops com prise dom i nantly mas sive, grey-green,
pyroxene-phyric ba salt flows and ag glom er ate. Pyroxene
pheno crysts can reach abun dances of 0.5–1.5% and sizes
up to 3–4 mm. Feld spar-phyric ba salt flows with abun dant
chlorite amygdules be come more abun dant to wards the
west. Here, vari ably epidote-al tered plagioclase pheno -
crysts with dif fuse mar gins av er age 1.5 mm size, and
chlorite amygdules reach abun dances up to 3.5% and sizes
up to 1–2 mm. Epidote al ter ation patches up to 5–10 cm in
width are also pres ent. In the south ern por tion of the map
area, mas sive, largely unfoliated mafic vol ca nic rocks com -
prise mainly chlorite amyg dule–bear ing ba salt flows,
pyroxene-phyric ba saltic-an de site ag glom er ate and mafic
lapilli tuff with abun dant flat tened, chlorite-al tered pum ice
clasts. Mafic schist in both the north ern and south ern por -
tions of the map area com prises strongly fo li ated, strongly
chlorite-al tered mafic tuff with vari able car bon ate, seri cite
and sil ica al ter ation (Fig ure 20a). Min er al iza tion is ob -
served in this mafic schist only in the south ern part of the
area, and is pres ent as stratiform bands of mas sive
sphalerite with mi nor chal co py rite and ga lena that reach up
to 20 cm in thick ness (Fig ure 20b). Strong car bon ate and
seri cite al ter ation of the mafic schist is pres ent in the im me -
di ate vi cin ity of sul phide min er al iza tion. Ap prox i mately

320 m west of the show ing, a zone of in tensely sil ica+seri -
cite+car bon ate–al tered mafic schist is as so ci ated with
quartz-car bon ate and blue-green gyp sum veins (Fig -
ure 21). In this zone, quartz-car bon ate veins carry blebs of
chal co py rite. The pres ence of this stockwork-style sul -
phide min er al iza tion to the west of the stratiform sul phide
min er al iza tion of the Deb bie 3 VMS occurrence suggests
that rocks to the west of the main showing may reflect
deeper stratigraphic levels, and the stratigraphic package
may young to the east.

Debbie 3 Structural Geology

Struc tures in the area are best ob served in fine-grained
mafic vol ca nic rocks in the vi cin ity of the Deb bie 3 oc cur -
rence (Fig ure 19). These rocks, typ i cally chloritic schist,
dis play a prom i nent north west strike, with mod er ate to
steep dips to the north east. Fold ing of this fab ric was ob -
served only in two ar eas. In the north west ern part of the
map area, chloritic schist was ob served to strike north east
for a lim ited ex tent, with weak dips to the south east. This
may rep re sent F2 kink fold ing. Ad di tional kink fold ing was
ob served in chloritic schist ap prox i mately 415 m west of
the Deb bie 3 oc cur rence. Here, warp ing of the main fab ric
is rep re sented by small, out crop-scale, F2 kink folds with
hinges plunging steeply towards the northeast.

New Sulphide Mineralization and Implications
for VMS Exploration in the Alberni Area

Two new oc cur rences of sig nif i cant sul phide min er al iza -
tion were dis cov ered dur ing the course of this map ping.
The first, along the power line over look ing the south side of 
Lacy Lake (Fig ure 4), oc curs near the con tact be tween
pyroxene-phyric ba saltic-an de site ag glom er ate of the
Nitinat For ma tion and over ly ing fel sic tuffaceous rocks be -
long ing to the McLaughlin Ridge For ma tion. Here, a 20 m
long float train con sists of bleached, highly seri cite-, sil ica-
and fuch site-al tered subangular boul ders up to 40–50 cm in
size that con tain up to 4% py rite, oc cur ring as dis sem i na -
tions, string ers and blebs up to 2 cm in size (Fig ure 22). This 
float train was traced into a small ex po sure of he ma -
tite+chlorite–al tered ba salt. Trench ing of this out crop ex -
posed bleached, strongly seri cite+sil ica–al tered, py rite-
min er al ized rock sim i lar to that ob served in the nearby min -
er al ized float. This sul phide oc cur rence is sig nif i cant in
that it oc curs at the con tact be tween mafic to in ter me di ate
vol ca nic rocks of the Nitinat For ma tion and over ly ing fel -
sic tuffaceous vol ca nic rocks of the McLaughlin Ridge For -
ma tion. In the Buttle Lake up lift, this con tact is as so ci ated
with the gi ant HW de posit, which has a pre-min ing in ven -
tory of 16.5 mil lion tonnes of ore with an av er age grade of
2.2 g/t Au, 39.6 g/t Ag, 1.7% Cu, 0.4% Pb and 4.3% Zn
(Rob in son, 1992). In the Port Alberni area, this con tact may 
be es pe cially sig nif i cant, as the lack of over ly ing fel sic vol -
ca nic rocks in ti mately as so ci ated with high-en ergy erup -
tive activity (i.e., rhyolite flows, felsic tuff-breccia, etc.)
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would provide ample time for the accumulation of VMS
mineralization.

The sec ond sig nif i cant new sul phide oc cur rence dis cov -
ered dur ing the course of this map ping is as so ci ated with
the dacite flow-dome within ba salt as signed to the Duck

Lake For ma tion that was de scribed above (Fig ure 3;

Massey and Fri day, 1989). Here, dis sem i nated to bleb-

sized py rite±chal co py rite min er al iza tion is as so ci ated with

strongly sil ica-al tered clasts in a dacite brec cia oc cur ring

along the flanks of a mas sive, feld spar+quartz–phyric

dacite dome (Fig ure 18c). In ad di tion, both the mas sive
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Fig ure 19. Ge ol ogy of the Deb bie 3 VMS oc cur rence, Port Alberni area.



dacite and the dacite brec cia are cross cut by quartz-
car bon ate veins con tain ing trace chal co py rite and bornite
min er al iza tion. This dacite unit may rep re sent a lo cus of
hy dro ther mal ac tiv ity re lated to po ten tial volcanogenic
massive sulphide mineralization in the area.

Lastly, the as so ci a tion of polymetallic mas sive sul phide
min er al iza tion of the Deb bie 3 oc cur rence with fine-
grained, chloritic mafic tuff as signed to ei ther the Nitinat or
the Duck Lake For ma tion in di cates that sig nif i cant hi a tuses 
in mafic vol ca nism ex ist in the for ma tions where VMS
min er al iza tion could de velop. This sug gests that fur ther
VMS ex plo ra tion in mafic vol ca nic rocks be long ing to the
Duck Lake and Nitinat for ma tions is war ranted. This work
should con cen trate on iden ti fy ing zones of sig nif i cant
interflow sed i men ta tion, sim i lar to that hosting VMS
mineralization of the Debbie 3 occurrence.

Future Work

Field work planned for the win ter of 2007 will in clude log -
ging and sam pling of re cent drillcore from the Deb bie prop -
erty (Bitterroot Re sources Ltd.). This work has sev eral
goals, in clud ing iden ti fy ing and sam pling marker ho ri zons
within mafic vol ca nic rocks of the Duck Lake and Nitinat
for ma tions, with the ul ti mate goal of con strain ing the age of 
these for ma tions, which are cur rently un der stood to be the
old est rocks in the Wrangellia Terrane. It will aid in de ter -
min ing the age and strati graphic po si tion of VMS-pro spec -
tive ho ri zons within the Nitinat and Duck Lake for ma tions,
and will as sist in con strain ing rel a tive mo tions along fault
sys tems, which are host to sig nif i cant epi ther mal gold min -
er al iza tion at the Deb bie oc cur rence (MINFILE oc cur rence 
092F 079). In ad di tion, sam pling of sul phide min er al iza -
tion from the Deb bie prop erty for Pb-iso tope stud ies will
pro vide a frame work through which epigenetic sul phide
oc cur rences as so ci ated with gold min er al iza tion on the
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Fig ure 20. a) Strongly fo li ated mafic tuff with vari able chlorite, car -
bon ate, seri cite and sil ica al ter ation. b) Stratiform bands of mas -
sive sphalerite with mi nor chal co py rite and ga lena, hosted in
strongly fo li ated, seri cite+chlorite+car bon ate–al tered mafic ash
tuff.

Fig ure 21. In tensely sil ica+seri cite+car bon ate–al tered mafic
schist with quartz-car bon ate and blue-green gyp sum veins; in
places, quartz-car bon ate veins con tain blebs of chal co py rite.

Fig ure 22. Bleached, highly seri cite+sil ica+fuch site–al tered mafic 
vol ca nic rock with up to 4% py rite min er al iza tion as dis sem i na -
tions, string ers and blebs up to 2 cm in size.



prop erty (e.g., the Deb bie oc cur rence) can be dis tin guished
from those associated with VMS mineralization (e.g., the
Debbie 3 VMS occurrence).

Field work planned for 2008 will be con cen trated in the
Cowichan and Port Alberni ar eas, with ad di tional work in
po ten tial out crops of Sicker Group rocks in the Bedingfield 
Bay and Muchalat In let ar eas. In the Cowichan area, con -
tin ued work will fo cus on un der stand ing the strati graphic
and volcanological set ting of VMS oc cur rences hosted by
the Sicker Group, par tic u larly those of the Lara/Cor o na -
tion, Randy and Anita zones, north and west of Big Sicker
Moun tain (MINFILE oc cur rences 092B 129, 128 and 037,
re spec tively), and other po ten tial VMS oc cur rences in the
im me di ate vi cin ity and west of Cowichan Lake. Ad di tional
re gional work in the Alberni area will fo cus on iden ti fy ing
strati graphic marker ho ri zons within the Sicker Group that
can be used to con strain the age of lithological units in the
area, par tic u larly those belonging to the Duck Lake and
Nitinat formations.

In the Bedingfield Bay and Muchalat In let ar eas, sim i lar re -
gional and fo cused out crop-scale map ping and sam pling
will be con ducted to un der stand the stra tig ra phy and
volcanological set ting of po ten tial Sicker Group rocks and
VMS oc cur rences, most no ta bly in the vi cin ity of the Rant
Point and Dragon (Paget Re sources Corp.) VMS oc cur -
rences (MINFILE oc cur rences 092F 494 and 092E 072, re -
spec tively). In par al lel with the geo log i cal map ping and
syn the sis work, the au thors will also carry out ad di tional U-
Pb dat ing, lithogeochemical, and Nd, Hf and Pb iso to pic
stud ies in or der to con strain the age and mag matic evo lu -
tion of Sicker Group vol ca nic rocks, and to de velop a
frame work through which VMS oc cur rences hosted by the
Sicker Group can be dis tin guished from younger,
epigenetic sulphide occurrences.
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Introduction

There has been lit tle re search into, or ex plo ra tion for, Mo
de pos its in Can ada or else where since the early 1980s, but
that is likely to change, par tic u larly if the price of Mo stays
at or any thing near cur rent lev els. There are nu mer ous
poorly un der stood, rel a tively underexplored Mo de pos its
and oc cur rences in the Ca na dian Cor dil lera that are likely
to be ex plored over the next sev eral years, and it would be
of great ben e fit to the ex plo ra tion com mu nity if more was
known about Mo de pos its of high- (cli max-type) and low-
(quartz-monzonite–type) flu o rine type in the prov ince.

In ad di tion, there are geo chem i cal sim i lar i ties be tween por -
phyry Mo de pos its and ‘in tru sion-hosted’ Au de pos its
(e.g., Tomb stone Belt; Fig ure 1), sug gest ing a pos si ble ge -
netic link. The Adanac Mo de posit be longs to an im por tant
class of min eral oc cur rences within the Atlin gold camp.
The Adanac de posit con tains no Au it self, but placer gold is
still be ing mined on the lower reaches of Ruby Creek be low 
the de posit. His tor i cally, it has al ways been as sumed that
the Mo de posit post dates Au min er al iza tion, which oc curs
in quartz-car bon ate shears in Cache Creek Group vol ca nic
strata and as placer gold. Iso tope work by Mihalynuk et al.
(1992), how ever, sug gests that some of the placer gold in
the Atlin area may have been de rived from the Sur prise
Lake batholith. This is con sis tent with the pres ence of Au-
and W-bear ing quartz veins in drain age ar eas im me di ately
south of the Adanac Mo de posit, be cause, in gen eral, wolf -
ram ite is com monly as so ci ated with por phyry Mo de pos its,
pe riph eral to the mo lyb de nite zone (Wallace et al., 1968).
Thus, the pres ence of Au in those wolf ram ite veins raises
the ques tion of a po ten tial link age be tween Au-de pleted
Mo and Au-bear ing W ‘in tru sion-re lated’ de pos its. Un der -
stand ing the as so ci a tion, or lack thereof, is an important

step toward focusing further exploration in the province for 
both of these deposit types.

Geological Background

The Adanac Mo de posit is lo cated in the north west ern cor -
ner of Brit ish Co lum bia, near the town of Atlin (Fig ure 2).
The ge ol ogy of the Atlin area was mapped by Aitken
(1959), and the re gional set ting of the de posit was dis -
cussed by Chris to pher and Pinsent (1982). The Atlin area
(Fig ure 3) is un der lain by de formed and weakly meta mor -
phosed ophiolitic rocks of the Penn syl va nian and/or Perm -
ian Cache Creek Group (Mon ger, 1975). These rocks,
which in clude ser pen tin ite and ba salt, as well as lime stone,
chert and shale, have long been thought to be the source of
much of the placer gold found in the Atlin area. The sed i -
men tary and vol ca nic rocks are cut by two youn ger
batholiths: a Ju ras sic granodiorite to diorite in tru sion
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Fig ure 1. Plot of Fe con tent vs. ox i da tion state for plutons and as -
so ci ated ‘por phyry’ min eral de pos its (fields from Thomp son et al.,
1999); note that Au is found in both ox i dized (por phyry Cu) and re -
duced (por phyry Sn-W-Mo) en vi ron ments; Sur prise Lake batholith
plots ap prox i mately at the solid tri an gle.



(Fourth of July batholith) north of Pine Creek and a Cre ta -
ceous gran ite to quartz monzonite in tru sion (Sur prise Lake
batholith) north and south of Sur prise Lake. The rocks are
lo cally strongly faulted and the Adanac de posit is lo cated
near the in ter sec t ion of  two major syn- to post-
mineralization fault systems.

The de posit area was de scribed by Suther land Brown
(1970), White et al. (1976), Chris to pher and Pinsent (1982) 
and Pinsent and Chris to pher (1995). The Adanac Mo de -
posit un der lies the val ley floor near the head of Ruby
Creek. It is largely bur ied and has very lit tle sur face ex pres -
sion. There is lit tle out crop in the lower part of the val ley
and mo lyb de nite is only rarely found in float and/or veins in 
out crop in the bed of the creek. The ge ol ogy un der ly ing the
val ley floor is largely de rived from drill data (Fig ure 4). Al -
though the ge ol ogy of the Adanac de posit is mod er ately
well un der stood, it has had al most no de tailed re search. It
was re ported to re sem ble a quartz-monzonite–type low-
flu o rine stockwork de posit (Westra and Keith, 1981) with a 
sin gle flat-ly ing to steeply dip ping shell of min er al iza tion
over a main por phyry in tru sion, as de scribed by White et al.
(1976) and Pinsent and Chris to pher (1995).

The de posit is near the west ern mar gin of the Sur prise Lake
batholith, a com pos ite, highly evolved, U-rich gran ite. The
de posit oc curs in the Mount Leon ard stock, a sat el lite body
of the batholith. The de posit is en tirely within plutonic
rock. There are three stages of in tru sion: an early, gen er ally
coarse-grained stage that was de formed prior to the in tru -
sion of sec ond-stage ‘por phyry domes’, and a late, fine-
grained phase that was in jected into the first two phases at
about the same time as min er al iza tion. The de posit it self is a 
dis rupted, blan ket-shaped de posit that formed late in the
de vel op ment of the plutonic suite. The de posit is par tially
con trolled and off set by the Adera fault sys tem, which
trends ap prox i mately north east and de fines much of the
south ern bound ary of the pre-ore Fourth of July batholith.
The ap prox i mately north-trending Boul der Creek fault sys -
tem ap pears to have lo cal ized em place ment of the late,
third-stage por phy ritic and aplit ic plutonic rocks.

Fig ure 5 shows most of the main rock types in the de posit.
They are listed, with hand-sam ple pho to graphs, in or der
from old est to youn gest. Coarse-grained quartz monzonite
(CGQM) is the main unit in the de posit. Most other rock
types cut this unit or are a tex tural vari a tion of it. Mafic
quartz-monzonite por phyry (MQMP) is an in tru sion that
post dates CGQM and oc curs to the east and south of the de -
posit. The con tact be tween the two units is a roughly north-
trending fault. Coarse-grained quartz monzonite is in ter -
preted to grade into tran si tional and hy brid va ri et ies
(CGQM-T and CGQM-H), which both rep re sent in creas -
ing ma trix con tent. These units oc cur as dikes, and also as
mappable phases on the south west ern end of the de posit
and in the north sec tion of the de posit. The north sec tion of

the de posit is the ‘cap’ of the sys tem that has been dropped
down and sep a rated from the rest of the de posit by the
Adera fault, a north east-trending nor mal fault. This area
also con tains crowded and sparse quartz-feld spar por phyry
(CQFP and SQFP), which rep re sent the tem po ral end-
mem bers of the CGQM evo lu tion. The se ries CGQM,
CGQM-T, CGQM-H, CQFP and SQFP coars ens in ward,
with SQFP be ing at the top of the stock and hav ing the
great est ma trix con tent, and CGQM be ing at the deep est
parts and hav ing a coarse-grained tex ture. In trud ing the
CGQM is the crowded and sparse quartz-monzonite por -
phyry (CQMP and SQMP) on the east end of the de posit, in
the cen tral pit area. This in tru sion dis ap pears to the south -
west; whether this is the re sult of a fault or sim ply a steep
con tact is not known. On the south west end, there is a youn -
ger in tru sion of me dium-grained equigranular quartz
monzonite (MEQM). Also oc cur ring at this end of the de -
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Fig ure 2. Lo ca tion of the Adanac Mo de posit; white box is the ap -
prox i mate lo ca tion of Fig ure 3.

Fig ure 3. Gen eral ge ol ogy of the Adanac de posit area (mod i fied
from Aitken, 1959).



posit in the form of a dike is megacrystic feld spar por phyry
(MFP). Through out the deposit, there are numerous fine-
grained dikes (FGQM) that cut all other rock types.

Mo lyb de nite min er al iza tion post dates all rock types and
ap pears in drillcore to post date hy dro ther mal al ter ation.
Min er al iza tion is in the form of quartz-vein stockwork.
Based on vi sual es ti mates in drillcore and con firmed by a
downhole geo phys i cal study done by Au rora Geo phys i cal
Con sul tants in White horse, Yu kon, most veins are
subhorizontal, and there is a sec ond set of veins that is
subvertical and trending east. There ap pears to be mul ti ple
min er al iza tion events. A broad gen er al iza tion can be made
that duc tile (sheared, in ter preted as form ing at high tem per -
a tures within hostrock), smoky quartz veins are early, and
that subhorizontal, lower grade, white quartz veins with
brit tle, sharp con tacts with the hostrock are rel a tively late.
There are also some rare veins that con tain other min er als
such as py rite, ga lena, huebnerite and chal co py rite. With -
out pre cise dates for each event, it is dif fi cult to de ter mine
how many min er al iza tion events oc curred and whether or
not there was a significant, if any, time lapse between them.

Al ter ation is not per va sive or in cred i bly strong in the de -
posit, at least rel a tive to cli max-type mo lyb de nite de pos its.
Early pri mary hy dro ther mal al ter ation ex ists in the form of
si lici fied zones and K-feld spar en ve lopes around veins, K-
feld spar floods and sec ond ary bi o tite, which is char ac ter -
ized by large (3–5 cm) bi o tite crys tals. Early pri mary al ter -
ation is more pro nounced at the south west end of the de -
posit. Late pri mary al ter ation in the de posit is mainly seen
as clay al ter ation and late 1 mm veins or frac tures con tain -
ing small amounts of py rite and com monly coated with cal -
cite and/or stilbite. Most clay al ter ation ap pears to be green
to black chlorite, judg ing from hand sam ple, and is prom i -
nent in faults. There is also some times an ap ple-green seri -
cite al ter ation that oc curs as rims on feld spars or per va -
sively al ters feld spars. This usu ally oc curs for a few tens of
feet above and be low faults, and re flects fault fo cus ing of
flu ids. A py rite-rich halo does not oc cur in the area of the
pro posed cen tral pit, but it can be seen in higher el e va tions
that sur round the de posit, still within the CGQM-T, or the
cap of the sys tem. Con ve niently for min ing, glaciation has
removed this halo from directly above the deposit and the
proposed pit area.
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Fig ure 4. Sur face ge ol ogy of the Adanac Mo de posit (mod i fied from un pub lished com pany re ports), show ing a cross sec tion of di a -
mond-drill holes from which sam ples were col lected for geo chem i cal anal y sis.



Research Objectives

The goal of this re search is two fold. The first goal is to de -
ter mine the place of the Adanac de posit within the spec -
trum of mo lyb de nite de pos its (i.e., a cli max type or quartz-
monzonite type, or a tran si tional type be tween these two
end mem bers) based on new drillhole and geo chem i cal in -
for ma tion ac quired in the last five years. Part of this goal
has been ob tained by study ing the trace-el e ment and
whole-rock geo chem is try at Adanac. Ad di tional work to
fur ther this goal, such as an al ter ation study and a study of
var i ous as pects of geo chron ol ogy at Adanac, is planned for
the ac a demic year of 2007–2008. The sec ond goal of the re -
search is to com pare the Adanac Mo de posit to in tru sion-
hosted Au de pos its in the North Amer i can Cor dil lera and to 
de ter mine whether there are geo chem i cal similarities
between Adanac and these deposits.

Results of Work Completed in 2006–2007

Rock Descriptions

Each rock type in the de posit was de scribed ac cord ing to
hand sam ple and thin sec tion anal y ses. These anal y ses
were done in or der to com ple ment the whole-rock geo -
chem i cal data and for com par i son to other mo lyb de nite de -
pos its. Rock types are roughly listed in or der from old est to
youn gest, based on cross cut ting re la tion ships. Be cause
cross cut ting re la tion ships are ab sent be tween a few rock
types, some relationships are uncertain.

Coarse-grained quartz monzonite (CGQM) is the old est
and most com mon rock in the Mount Leon ard stock (Fig -
ure 3). It is a weakly to mod er ately de formed pink or grey,
equigranular, coarse-grained (0.5–3.0 cm) gran ite to quartz 
monzonite. It con tains roughly equal amounts of K-feld -
spar, plagioclase and quartz. Mi nor bi o tite is pres ent. Two
sam ples of fresh CGQM were se lected for thin sec tion ex -
am i na tion. Quartz is the dom i nant min eral in both sec tions,
at 45–50%, with K-feld spar and plagioclase hav ing
roughly equal amounts at about 20–25% each. Bi o tite com -
prises 3–10% of the rock. Other min er als noted (sec ond ary) 
were chlorite re plac ing bi o tite, seri cite and kaolinite re -
plac ing feld spars, euhedral to paz (less than 0.1 mm),
euhedral py rite re plac ing or over print ing chlorite,
cogenetic pyrrhotite and mag ne tite re plac ing chlorite, and
the pres ence of cal cite. To tal sec ond ary min er als com prise
from 1 to 5% of the rock. Mi nor myrmekitic tex tures were
noted of quartz and feldspar (0.2 mm). Feldspar commonly
has perthitic texture.

Tran si tional and hy brid coarse-grained quartz monzonite
(CGQM-T and CGQM-H) are va ri et ies of CGQM that con -
tains in creased groundmass, 25% in tran si tional and 50% in 
the hy brid type. The groundmass is 2–4 mm in size. This
phase oc curs at con tacts where CGQM grades into FGQM.
It is pre sumed to be a vol a tile-rich re sid ual phase pre par ing
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Fig ure 5. Pho to graphs of rock types from drillcore, in
or der from old est (at the top) to youn gest (at the bot -
tom).



for the re lease of hy dro ther mal flu ids, as this rock type has
some fea tures that are not clearly mag matic or hy dro ther -
mal, such as graphic inter growths and myrmekitic tex tures.
This phase some times oc curs as early dikes that are cut by
min er al ized quartz veins. The com po si tion is the same as
CGQM. Thin sec tion ex am i na tion showed that CGQM-H
is 50% quartz, and 20% each of al kali feld spar and
plagioclase. Also noted were cal cite, bi o tite (fresh and al -
tered), py rite, mag ne tite, seri cite and chlorite (al ter ation
prod uct of bi o tite). Py rite and cal cite are as so ci ated and oc -
cur in the groundmass as 5–6 mm crys tals. Py rite also oc -
curs re plac ing chlorite along cleav age planes and re plac ing
mag ne tite. Mag ne tite oc curs in close prox im ity to bi o tite
and re plac ing chlorite. Seri cite oc curs as fine crys tals on
feld spars. In one sam ple, a 1 mm flu o rite grain was noted
along side calcite inside a plagioclase crystal. Calcite was
noted to postdate pyrite and magnetite.

Mafic quartz-monzonite por phyry (MQMP) is a grey rock
unit char ac ter ized by an in crease in bi o tite. This unit cuts
CGQM, but is cut by the two main por phyry units (listed
next). The MQMP unit con tains fine bi o tite crys tals
(1 mm), plagioclase crys tals (pheno crysts and groundmass) 
that are chalky white in col our and 5–7 mm in size, and
quartz pheno crysts are 6–10 mm in di am e ter, on av er age
smaller than plagioclase crys tals. The ma trix com prises a
mix ture of bi o tite, quartz and feld spar. From thin sec tion
anal y sis, this rock was noted to have slightly more feld spar
con tent than CGQM. Quartz com prises 40% of the rock,
while plagioclase and al kali feld spar makes up 50%, with
slightly more plagioclase than al kali feld spar. Bi o tite
makes up the other 10% of the rock, with sec ond ary min er -
als and zir con all mak ing up less than 1%. Py rite and mag -
ne tite are both pres ent re plac ing bi o tite and chlorite, while
chlorite ex clu sively re places bi o tite. Py rite is more
euhedral than mag ne tite, and both are about 0.4 mm in size.
Kaolinite and seri cite were noted as fine dust ings on feld -
spars. Anhedral cal cite was noted near the py rite- and mag -
ne tite-al tered bi o tite. Graphic inter growth tex ture was
noted in one 0.5 mm sized area. Tex ture appears to be made
up of feldspar and quartz ‘liquid like’ streaks.

Sparse and crowded quartz-monzonite por phyry (SQMP
and CQMP) are youn ger than CGQM and MQMP. They
both con sist of white plagioclase, pink orthoclase, quartz
and bi o tite pheno crysts that are 2–6 mm in size, in a light
brown ish to pink ish apha ni tic ma trix. In the sparse va ri ety,
pheno crysts make up 10–30% of the rock and in the
crowded va ri ety, about 60–80%. The SQMP may be
slightly youn ger, as it is seen to some times cut the crowded
ver sion. The thin sec tion anal y sis de ter mined that quartz
makes up about 45% of the rock with plagioclase and al kali
feld spar at about 25% each. Bi o tite is about 4% in some of
the sam ples, and opaque min er als such as py rite, mag ne tite
and mo lyb de nite com prise the rest. One zir con crys tal was
noted, with a brown ish to or ange dam age halo at about

0.5 mm in size. Chlorite is com monly seen to re place bi o -
tite, and feld spars have dust ings of clays (which ap pear to
be kaolinite and seri cite) clus tered in the cen tres of crys tals. 
In two sam ples, it was noted that mo lyb de nite does not oc -
cur in veins but in cleav age planes of al tered bi o tite (to
chlorite). Mo lyb de nite crys tals are large (1 mm) and
euhedral. Clus ter ing around the mo lyb de nite and ap pear -
ing to post date it are small amounts of subhedral, 0.3 mm
sized sphalerite and ga lena grains. Some larger, subhedral,
1 mm sized py rite crys tals were noted, and nearby in the
same field of view, small mag ne tite crys tals (0.2 mm,
euhedral) with a chal co py rite grain (0.1 mm, euhedral)
were noted next to the mag ne tite. These sulphides were not
in veins but oc curred near chlorite. In one sam ple, ga lena
was clearly seen to be re plac ing py rite. One small area
(0.3 mm) exhibited graphic intergrowth textures, as
mentioned above.

Me dium-grained equigranular quartz monzonite (MEQM)
is a rock type that is not wide spread in the de posit. It is pos -
si bly a tran si tion be tween CGQM and FGQM, but may also
be a sep a rate in tru sion at the south west end of the de posit. It 
has a mo saic tex ture that is equigranular, and con sists of
equal amounts of quartz, plagioclase and al kali feld spar
grains that are about 1–2 cm. Bi o tite is pres ent as well, with
crys tals about half this size. In thin sec tion, it was noted that 
bi o tite is more abun dant than in CGQM or FGQM. Bi o tite
makes up 15% of the rock. Quartz, plagioclase and al kali
feld spar com prise roughly equal amounts at 25% each.
Other min er als are zir con, clay dust ings on feld spars, cal -
cite, chlorite, py rite and mag ne tite. Py rite is re plac ing feld -
spar and magnetite is replacing chlorite.

Megacrystic feld spar por phyry (MFP) is no tice ably dif fer -
ent from other rock types in the de posit. It con sists of a dark
blue ma trix, is very fine grained and con tains small bi o tite
crys tals (1 mm). Pheno crysts are rounded, 6 mm smoky
quartz eyes, and larger, 1–4 cm plagioclase and al kali feld -
spar crys tals that are euhedral. It is not wide spread and usu -
ally oc curs as dikes or sills (cut ting CGQM and MQMP) on
the south west end of the de posit. The rock some times ex -
hib its mylonitic tex ture. In thin sec tion, quartz is 40% of the 
rock, bi o tite is 15% and plagioclase and al kali feld spar are
20% each, roughly. The ma trix is mostly ex tremely
microcrystalline quartz and feld spar (<1/30 mm) with
intergrown bi o tite. Feld spars are mod er ately to strongly al -
tered to kaolinite and/or seri cite. Feld spars some times ex -
hibit poikilitic tex tures, with plagioclase (1 mm) in side
larger al kali feld spar. The rock has an in creased amount of
opaque min er als, mostly py rite and mag ne tite with mi nor
chal co py rite and pyrrhotite, com pris ing up to 7% of the
r o c k .  O p a q u e  mi n  e r  a l s  o c  c u r  w i t h  ‘ v e i n s ’ o f
microcrystalline quartz that are not vis i ble to the naked eye
and may be flow textures. Magnetite replaces chlorite.
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Fine-grained quartz monzonite (FGQM) is prob a bly the
youn gest rock type in the de posit, as it is seen to cut all other 
units. This unit oc curs as both dikes and sills through out the 
de posit. It is also noted in drillcore to post date hy dro ther -
mal al ter ation such as sili ci fi ca tion. It is a brown ish to pink -
ish rock type that is equigranular and ap pears to be a mix -
ture of white and pink feld spar, quartz and trace bi o tite. The 
grain size ranges from less than 1 mm to about 3 mm. In thin 
sec tion, FGQM is noted to con tain roughly equal amounts
of quartz, plagioclase and al kali feld spar, usu ally at about
90% of the rock. Bi o tite makes up 5–10%, with sec ond ary
min er als com pris ing the rest. The sec ond ary min er als in -
clude chlorite re plac ing bi o tite, clays and cal cite re plac ing
feld spars, and small grains (0.2 mm) of py rite or mag ne tite,
euhedral to subhedral, ei ther in the ma trix or re plac ing bi o -
tite or chlorite. There is an el e vated amount of graphic
inter growth tex tures (quartz and feld spar) in one thin sec -
tion where FGQM is a dike cut ting CGQM. Where this
small dike (1–2 cm) co mes into con tact with CGQM,
CGQM has in creased clay al ter ation of feld spars. In one
thin sec tion, there ap pears to be two mix ing phases of
FGQM, one with very fine grains (less than 0.1 mm) and
an other with grain sizes of about 0.2 mm. In one sam ple
where FGQM is com pletely ‘by it self’ (i.e., not in con tact
with other phases or quartz veins), the rock is noticeably
fresh (no clay).

Whole-Rock Geochemistry

Ma jor el e ment geo chem is try was de ter mined for 10 sam -
ples of fresh rock, one from each ma jor rock type in the de -
posit. The anal y ses were done at ACME An a lyt i cal Lab o ra -
to ries Ltd. in Van cou ver, BC, us ing in duc tively cou pled
plasma–emis sion spec tros copy. The rock types in clude
CGQM and its tran si tional va ri et ies (CGQM-T and
CGQM-H), the feld spar por phy ries (CQFP and SQFP),
which rep re sent the cap of the sys tem, MQMP, the two por -
phyry in tru sions (SQMP and CQMP), MFP and MEQM.
Nor ma tive min eral amounts were cal cu lated us ing the
CIPW (Cross et al., 1903) method. Ac cord ing to the In ter -
na tional Un ion of Geo log i cal Sci ences (IUGS) sys tem of
clas si fi ca tion (Streckeisen, 1973), all rocks in the suite are
gran ite. The rocks have an av er age of 35% nor ma tive
quartz. Al kali/to tal feld spar ra tios in each rock type were
about 50. An al kali-lime in dex at 50 wt% SiO2 was cal cu -
lated, mean ing the rocks are fur ther clas si fied as al ka line. It
was also de ter mined that the suite is peraluminous, and a
se ries of Harker di a grams was also made. With in creas ing
sil ica, Al2O3, Fe2O3, MgO, CaO, TiO2, P2O5, MnO, Ba, Sr
and Zr de crease; Rb, Na2O and Cr2O3 re main con stant; and
K2O increases.

Pub lished lit er a ture on por phyry Mo de pos its broadly out -
lines two ba sic types of de pos its: the gran ite and quartz-
monzonite types (Suther land Brown, 1969; White et al.,
1981; Wallace, 1995). Westra and Keith (1981) rec og nized

that these two ba sic types can be sep a rated based on the
K2O value at 57.5 SiO2 wt%. A nat u ral di vid ing line oc curs
be tween those de pos its with a K2O value of less than 2.5%
and those with val ues above that. If the value is less than
2.5%, the Mo de pos its are clas si fied as the ‘calcalkaline’
quartz-monzonite type with low F val ues. These de pos its
typ i cally have lower mo lyb de nite grades, lit tle Sn, and W is 
pres ent as schee lite. Source plutons have be tween 100 and
350 ppm Rb, and be tween 100 and 800 ppm Sr (Fig ure 6).
Those de pos its with val ues above 2.5% are broadly re -
ferred to as the cli max type of Mo de posit. These de pos its
are as so ci ated with al kali-calcic to alkalic gran ite, and are
en riched in F and Sn. Ru bid ium con tent of the source
plutons is typ i cally 200–800 ppm, with less than 125 ppm
Sr (Fig ure 6). The mo lyb de num grades are typ i cally higher
and W is pres ent as wolf ram ite. Us ing the Westra and Keith
(1981) clas si fi ca tion scheme of por phyry Mo de pos its, the
K2O value at 57.5 wt% SiO2 (K2O57.5) was cal cu lated at
>2.5% for the rocks of Adanac. All of the rocks at Adanac
con tain be tween 70 and 76% sil ica, so the K2O value had to
be ex trap o lated con sid er ably. Fig ure 6 il lus trates how the
K2O57.5 value is con sis tent with the Rb vs. Sr data in di vid -
ing por phyry mo lyb de nite de pos its based on geo chem is try.
Since gran ite and quartz-monzonite Mo de pos its have
these dif fer ent and pre dict able geo chem i cal char ac ter is tics, 
they should be use ful in de lin eat ing the na ture of the sys tem 
at Adanac. Fresh rock types at Adanac group well with
other cli max-type de pos its based on Rb and Sr ra tios, as
well as on the ba sis of the K2O57.5 value.

Trace Element Zonation

A se ries of cross sec tions in the de posit were com pleted in
or der to show trace-el e ment zonation in com par i son with
de posit ge ol ogy. Four ex am ples of the main (A–A’, re fer to
Fig ure 4 for cross-sec tion lo ca tion) cross sec tions are
shown in Fig ures 7–10. Fig ure 7 shows Mo val ues con -
toured against a black-and-white back ground of ge ol ogy.
High Mo val ues (670–1430 ppm) oc cur as a blan ket over
the main por phyry in tru sion and the blan ket steeply dips off 
to the west, where it is above the apex of an other in tru sion,
the MEQM. High F val ues (Fig ure 8, 1000–3300 ppm) oc -
cur geo graph i cally above and pe riph eral to the Mo highs.
Tran si tional phases of CGQM (CGQM-T, CGQM-H and
the feld spar por phy ries) typ i cally have higher F val ues,
while CGQM it self has rel a tively lower val ues. In
drillholes 333 and 321 (at the south west end of the sec tion,
Fig ure 8), the CGQM ex hib its in creased ma trix con tent
(CGQM-T) and has high F val ues. The Adera fault is par al -
lel and north of the cross sec tion of Fig ures 7–10. This fault
has dropped the cap of the sys tem, and the SQFP and CQFP
are in the hangingwall. The highest F values in the deposit
occur here in the SQFP and CQFP.

The av er age back ground val ues of W, Pb and Zn in an al ka -
line gran ite are 16 ppm, 15 ppm and 108 ppm, re spec tively
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Fig ure 6. Graph show ing Rb and Sr val ues for var i ous types of por phyry de pos its, in clud ing Cu por phyry and a W-Mo por phyry (Mt. Pleas ant). The K2O57.5 value fields are su per -
im posed on the graph. As their K2O57.5 value would in di cate, rocks at Adanac fall within the field of cli max-type de pos its.



(Robb, 2005). Both W and Pb are el e vated (100–200 ppm)
in the cen tral pit area (Fig ures 9–10). While the higher val -
ues for Zn in the cen tral pit area (also around 100–200 ppm) 
are not anom a lous for an al ka line gran ite, they are el e vated
rel a tive to the per va sive low val ues (~10 ppm) else where in
the de posit. Tung sten highs oc cur as thin blan kets co in ci -
dent with the high-Mo zones. El e vated Pb and Zn oc cur
only near faults within the mo lyb de nite zone. Cop per and
Sn have val ues of 10 ppm or less in the cen tral pit. Out side
of the cen tral pit area (and thus out side of the main mo lyb -
de nite min er al iza tion zone), higher val ues of Cu, Pb and Zn 
(200–1000 ppm) may be pres ent at faults and in sili ci fi ca -
tion zones. There is less than 0.1 ppm Au throughout the
deposit.

A cor re la tion ma trix was cal cu lated for a suite of 41 trace
met als plus F. Mo lyb de num cor re lates with no other el e -
ment in the de posit. Zinc cor re lates with Cu, Pb, Ag, Sn and
Cd. These cor re la tion co ef fi cients are near 0.5 for all ex cept 
Cd, which is 0.8. Cop per cor re lates with Sn and Mn (cor re -
la tion co ef fi cient ~0.5). Lead cor re lates with Ag, Mn, Cd
and Sb (co ef fi cient ~0.5). Ar senic also cor re lates with Sb
(0.7). Tung sten does not cor re late with any other el e ment.
Tin cor re lates with Cd (0.6). Flu o rine cor re lates with Th
(0.5), Y (0.6) and Zr and Hf (0.7). The im pli ca tions of these
correlations are still being considered.

2007 Summer Field Season and Future
Work

The 2007 sum mer field sea son was spent log ging core and
pre par ing var i ous cur rent de posit maps as re quired. Maps
were pre pared show ing up dated drillhole lo ca tions, in clud -
ing the 2007 drill pro gram. Also up dated were fault lo ca -
tions, var i ous struc tures such as joints, and the cur rent un -

der stand ing of sur face rock type. An other main fo cus of the 
sum mer was sam pling and prep a ra tion for the 2007–2008
ac a demic year goals. The goals for the com ing ac a demic
year are out lined be low. An ac com pa ny ing sche matic di a -
gram (Fig ure 11) il lus trates some im por tant sam ple lo ca -
tions.

Alteration Study

The first as pect of the al ter ation study is the cre ation of a se -
ries of cross sec tions of the de posit with a fo cus on
megascopic al ter ation pat terns. Be cause of the lack of sur -
face ex po sure, the dis tri bu tion of al ter ation types has been
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Fig ure 7. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur -
rences, faults and some sili ci fi ca tion zones) in black and white, and 
Mo (in ppm) con toured against the black-and-white back ground.



de ter mined based pri mar ily on drill logs. All the holes from
which the cross sec tions were cre ated were relogged over
the sum mer with a fo cus on al ter ation. These data are be ing
plot ted on the same cross sec tions as the trace-el e ment data
and will be uti lized to out line the lo ca tions of early pri mary
hy dro ther mal al ter ation, such as sili ci fi ca tion and K-feld -
spar flood ing, and some late pri mary al ter ation, such as
zeolite and calcite veins (propylitic).

An x-ray dif frac tion (XRD) study of the dis tri bu tion of clay 
types in the de posit will be un der taken to fur ther re fine the
al ter ation zon ing. Sam ples of clay al ter ation were taken

from stra te gic ar eas of the de posit to pro vide three-di men -
sional spa tial cov er age. Based on drillcore ob ser va tions,
most clay al ter ation oc curs at faults; how ever, within the
faults, there may be zon ing pat terns out ward from high-
grade ar eas and feeder zones, pre sum ably rep re sent ing
vari a tions in fluid chem is try and tem per a ture. In ad di tion,
be cause dif fer ent faults dis play dif fer ent char ac ter is tics,
such as dark green gouge, or recemented white sheared
faults, some paragenetic in for ma tion may also be gleaned
from these clay stud ies. These data will be uti lized to com -
pare patterns between Adanac and other molybdenite
deposits worldwide.
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Fig ure 8. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur rences, faults and some sili ci fi ca tion zones) in black
and white, and F (in ppm) con toured against the black-and-white back ground; key as in Fig ure 7.

Fig ure 9. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur rences, faults and some sili ci fi ca tion zones) in black
and white, and W (in ppm) con toured against the black-and-white back ground; key as in Fig ure 7.



In con junc tion with the XRD work, rep re sen ta tive thin-
sec tion pe trog ra phy of each al ter ation type in the de posit is
planned. Forty-five thin sec tions are cur rently be ing made.
These sec tions will be uti lized to as sess the re la tion ship(s)
be tween var i ous clay spe cies and their pre cur sors, thus al -
low ing a better un der stand ing of wa ter-rock in ter ac tion
during mineralization.

Geochronology

The sam pling com pleted over the 2007 sum mer field sea -
son was de signed to al low us to de ter mine pre cise ages for
min er al iza tion; to de ter mine if there are mul ti ple stages of

min er al iza tion; and to com pare and pos si bly cor re late min -
e r  a l  i z  i n g  e v e n t s  w i t h  m a g  m a t i c  e v e n t s .  T h i s
geo chron ol ogi cal study also aims to de ter mine the du ra tion
of the min er al iz ing event or events that occurred at Adanac.

The first as pect of the geo chron ol ogi cal study is the dat ing
of min er al iza tion events us ing Re-Os iso topes in mo lyb de -
nite from var i ous sam ples, as shown sche mat i cally in Fig -
ure 6. Twenty sam ples have been col lected for pos si ble
anal y sis. The sam ple lo ca tions are based on hy poth e sized
cen tres of min er al iza tion and ob served paragenesis as
described below:
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Fig ure 10. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur rences, faults and some sili ci fi ca tion zones) in black
and white, and Pb (in ppm) con toured against the black-and-white back ground; key as in Fig ure 7.

Fig ure 11. Sche matic di a gram rep re sent ing sam ple lo ca tions through out the de posit. The cross sec tion fol lows the same ori en ta tion
as A–A’. Bi o tite sam ples (black cir cles) are for microprobe anal y sis, in or der to de ter mine changes in trace-el e ment con tent in early
flu ids. Mo lyb de nite sam ples (black stars) are for Re-Os iso tope geo chron ol ogy and for an x-ray dif frac tion (XRD) de ter mi na tion of
polytype. A sam ple of fresh rock for U-Pb zir con age dat ing was taken within 30.5 m (100 ft) of each mo lyb de nite sam ple. An at tempt
was made to col lect sam ples from dis tinc tive ar eas in the de posit, e.g., feeder zones, lat eral dis tance from feeder zones and the ‘cap’
of the sys tem. These ar eas are la belled on the map, along with their as so ci ated rock types. Shaded ar eas rep re sent high-grade
zones.



• Feeder zone: the south west por tion of the sys tem, as
pres ently un der stood, dis plays an in creased amount of
early pri mary hy dro ther mal al ter ation. It also con tains
the most myrmekitic and uni di rec tional so lid i fi ca tion
tex tures, sug gest ing a vol a tile-rich area of the de posit.
This area is where the pro posed ear li est stage of
mineralization is located.

• Prox i mal to the feeder zone: sam ples from the main pit
area and the south ern and far east ern ends of the de posit
are be lieved to be late-stage min er al iza tion, based on
the large lat eral dis tance from the feeder zone.

• Cap ar eas and up per por tions of drillholes: the anal y sis
of sam ples from larger ver ti cal, as well as lat eral, dis -
tances away from the feeder zones may be later stages of 
min er al iza tion, or may rep re sent an evo lu tion from the
flu ids pass ing through the feeder zone.

• Sam ples in cluded dif fer ent types of mo lyb de nite veins:
in ad di tion to spa tial vari a tion, there are clearly two
types of mo lyb de nite veins, namely ‘fine mo lyb de nite
in duc tile veins’ and ‘coarse mo lyb de nite in brit tle
veins’ (i.e., veins have a sharp con tact with host). Based
on cross cut ting re la tion ships ob served in drillcore, the
mo lyb de nite veins that are ‘duc tile’ and con tain fine
mo lyb de nite are older. A pre cise date will in di cate the
time lapse be tween these two mineralization events.

• Vein paragenesis: sam ples in cluded mo lyb de nite from
veins with dif fer ent as so ci ated min er als. There is mo -
lyb de nite in veins by it self, in veins with py rite and also
in veins with other sulphides (chal co py rite, ga lena). Un -
for tu nately, these dif fer ent types of veins are seen so
rarely that tem po ral re la tion ships be tween them can not
be de ter mined. There fore, geo chron ol ogi cal anal y ses
may yield in sights into the paragenetic sequence of vein
types.

In con junc tion with the dat ing of min er al iza tion, the tim ing
of mag matic events will be de ter mined us ing U-Pb iso tope
ra tios in zir cons. Sam ples of each rock type in the de posit
were taken for age com par i son. These in cluded cer tain
tran si tional phases pres ent of each rock type, such as the
tran si tional va ri ety of the coarse-grained quartz monzonite, 
and aplite dikes, which are typ i cally as so ci ated with a main
rock type, such as CGQM. Ages of in tru sion based on the
zir con data will be com pared to the tim ing of min er al iza tion 
based on the Re-Os. Sam pling lo ca tions for zir con are pri -
mar ily based on lo ca tions of mo lyb de nite Re-Os sam ples,
i.e., a sam ple for each rock type was taken in prox im ity
(within 30.5 m, or 100 ft) of a mo lyb de nite sam ple. In ad di -
tion, there was an ex tra sam ple taken of FGQM near the
west end of the prop erty, as op posed to the cen tral pit area,
to see if there is an age dif fer ence that may re flect lo cal ther -
mal vari a tions. It is hy poth e sized that that deeper rock types 
on the south west end (MEQM) will yield ages closest to
mineral izat ion,  and thus  may indicate a genetic
relationship.

Two other types of stud ies will be car ried out in par al lel
with the geo chron ol ogi cal work. The first of these is a
microprobe study of biotites to de ter mine trace-el e ment
con tent, par tic u larly F, S and Se. Un der stand ing the tem po -
ral evo lu tion of volatiles in the mag matic sys tem, as re -
flected in bi o tite, may pro vide in sights into mo lyb de nite
min er al iza tion in the con text of the evo lu tion of the mag -
matic sys tem. Pri mary mag matic bi o tite sam ples were col -
lected from feeder zones of the de posit and lat er ally in var i -
ous rock units. Sec ond ary bi o tite from feld spar flood zones
was col lected as well, mov ing lat er ally from the feeder
zone and into the cen tral pit, and out to the far south and east 
ends of the deposit.

The sec ond an cil lary study com prises an x-ray dif frac tion
study of mo lyb de nite to de ter mine polytype. The same
sam ples used for Re-Os geo chron ol ogy are a good rep re -
sen ta tion of each type of min er al iza tion from each dis tinct
area of the de posit and will be used for the polytype study.
There are two polytypes of mo lyb de nite: the hex ag o nal 2H
and the rhombohedral 3R. The 2H type is far more com mon
than the ex otic 3R, with the for ma tion of the lat ter largely
de pend ent upon im pu ri ties (com monly Re) in the mo lyb de -
nite crys tal (Newberry, 1979). Vir tu ally noth ing is known
about the polytype or trace-el e ment con tent of the mo lyb -
de nite at Adanac. If there is a vari a tion in polytype, it may
be cor re lated with age, vein type or lo ca tion, and thus may
be indicative of an evolving system.

Regional Exploration Model

A much broader study of other Mo de pos its by com par i son
of datasets, such as whole-rock geo chem is try, is nec es sary
to up date and re fine the ex plo ra tion model for these de pos -
its. In par tic u lar, pre lim i nary work in di cates that the geo -
chem is try of plutons as so ci ated with mo lyb de nite de pos its
and in tru sion-hosted Au de pos its is sim i lar (e.g., re dox
state of the as so ci ated plutons; trace- and ma jor-el e ment
chem is try of as so ci ated plutons; min eral and el e men tal as -
sem blages such as high Be, Te and W, and low and pe riph -
eral Cu, Pb and Zn). Ad di tional work is re quired to de ter -
mine just how sim i lar the geo chem is try is, and whether
there is a ge netic link be tween these de posit types. This will 
proceed on two fronts, which are described below.

We will con tinue to com pile and com pare data from mo lyb -
de nite and in tru sion-re lated Au de pos its in the west ern
Cor dil lera of North Amer ica. In par tic u lar, we ex pect to
both com pile and gen er ate some new data, such as iso to pic
data, that can be uti lized in con junc tion with more tra di -
tional geo chem i cal data to help de lin eate sim i lar i ties and
dif fer ences among systems in the Cordillera.

At a more lo cal scale, ex plo ra tion of the con nec tion be -
tween the Adanac Mo de posit and lo cal placer gold de pos -
its may yield in sights into pos si ble links be tween Mo and
Au. To do this, the ini tial Os iso tope sig na ture of lo cal

Geoscience BC Re port 2008-1 103



placer gold will be com pared with the ini tial Os iso tope sig -
na ture of the Adanac hy dro ther mal sys tem. Sam ples of
mag ne tite in the same vein with mo lyb de nite have been col -
lected and (if suf fi cient Os is pres ent for anal y sis) will be
an a lyzed for ini tial Os iso tope ra tios. These data should be
sim i lar to the cal cu lated ini tial Os iso tope ra tio from the
mo lyb de nite. The data from the Adanac de posit will then be 
com pared with the ini tial Os iso tope sig na ture of placer
gold sam ples from the lower reaches of Ruby Creek, just
down stream from Adanac. If the sig na tures are sim i lar, it
may be pos tu lated that a hy dro ther mal sys tem(s) of the
same age in the same area are re spon si ble for both Au and
mo lyb de nite min er al iza tion. Thus the two sys tems may
have a ge netic link. This has ob vi ous ram i fi ca tions for both
molybdenite and Au deposits at a large scale in terms of
both genesis and exploration.

Conclusions

The Adanac Mo por phyry de posit falls into the cat e gory of
a cli max-type de posit on the ba sis of geo chem is try of Rb,
Sr and K2O57.5. The hostrock and min er al iz ing pluton is a
peraluminous, alkalic gran ite. Trace-el e ment dis tri bu tions
in di cate a cen tral blan ket of Mo with co in ci dent, but spo -
radic W. High est F val ues oc cur pe riph eral to the main Mo
zone, and other met als show an am big u ous zon ing pat tern.
Hy dro ther mal al ter ation is sim i lar to, but con sid er ably less
intense than, typical climax-type systems.

Fur ther re fine ment of the al ter ation and trace-metal
zonation pat terns is un der way. Geo chron ol ogi cal mea sure -
ments over the com ing year will more clearly elu ci date the
tim ing and du ra tion of both mag matic and hy dro ther mal
min er al iza tion events. Broader com par i son of Adanac to
other mo lyb de nite de pos its, as well as to in tru sion-hosted
Au de pos its, will al low us to fur ther re fine our ge netic and
tec tonic mod els for both deposit types in the Canadian
Cordillera.
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Introduction

Hy dro ther mal and mag matic-hy dro ther mal brec cias are
com mon in por phyry Cu de pos its. De pend ing on their tim -
ing rel a tive to min er al iza tion and the na ture and gen e sis of
the brec cias, they can pro vide ei ther pref er en tial sites for
sul phide min eral de po si tion, lead ing to high-grade ore
zones, or they can pro vide fluid bar ri ers that re tard fluid
move ment, caus ing the ponding of min er al iz ing flu ids ad -
ja cent to low-grade or bar ren zones (Burnham, 1985;
Sillitoe, 1985; Zweng and Clark, 1985; Bushnell, 1988;
Serrano et al., 1996). Late brec cia for ma tion can also di lute
ore by mix ing frag ments of vari ably min er al ized rock, or by 
erupt ing, thereby vent ing po ten tially min er al iz ing flu ids to
the at mo sphere and di lut ing the grade of the rock mass
(e.g., Zweng and Clark, 1985; Cannell et al., 2005). Es tab -
lish ing those re la tions is there fore im por tant, as brec cias
can have strong influences on distribution of metals and the
economics of the deposit.

Lang et al. (1995b) noted that hy dro ther mal brec cia is pres -
ent in the sil ica-sat u rated and sil ica-undersaturated alkalic

por phyry de pos its of Brit ish Co lum bia. In the sil ica-sat u -
rated de pos its, the brec cia formed dur ing the main-stage
min er al iza tion, whereas, in the sil ica undersaturated de pos -
its, it is in ter preted to have formed pre–, syn–, and post–
main stage min er al iza tion. At Mount Polley, the brec cia is a 
ma jor host to ore grade Cu and Au (Fra ser et al., 1995; Lang 
et al., 1995b).

Mount Polley is one of a se ries of sil ica-undersaturated
alkalic Cu-Au por phyry de pos its in Brit ish Co lum bia that
formed in the Tri as sic to Early Ju ras sic Quesnel and Stikine 
ter ranes (Fig ure 1; Barr et al., 1976; Lang et al., 1995a; Lo -
gan and Mihalynuk, 2005). The Mount Polley de posit,
owned and op er ated by Im pe rial Met als Cor po ra tion, is
com posed of sev eral por phyry Cu-Au(-Ag) cen tres (Fig -
ure 2), most of which are brec cia hosted (Hodgson et al.,
1976; Fra ser, 1994a, b; Fra ser et al., 1995; Rees et al., 2005,
2006; Lo gan and Mihalynuk, 2005). The Cariboo, Bell and
Springer de pos its (Core zone) are hosted in part by hy dro -
ther mally brecciated in tru sive rocks, with veins ex tend ing
into sur round ing monzonite and diorite (Fra ser, 1994a, b;
Fra ser et al., 1995; Im pe rial Met als Cor po ra tion, 2007). In
con trast, the North east zone, cur rently be ing mined in the
Wight pit, is pre dom i nantly hosted by a polylithic hy dro -
ther mal brec cia body (Deyell, 2005; Deyell and Tosdal,
2005; Jack son et al., 2007; Pass et al., 2007; Imperial
Metals Corporation, 2007).

Geoscience BC Re port 2008-1 105

Keywords: alkalic, por phyry, hy dro ther mal brec cia, Mount Polley

This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.



Geological Framework of the Mount Polley
District

The Mount Polley alkalic por phyry Cu-Au de posit lies
along the east ern mar gin of the Intermontane Belt, close to
the bound ary with the Omineca Belt. Up per Pa leo zoic to
Lower Me so zoic vol ca nic, plutonic and sed i men tary rocks
of the Quesnel Terrane are the prin ci pal rocks un der ly ing
the re gion (Panteleyev et al., 1996; Lo gan and Mihalynuk,

2005). The Quesnel Terrane con sists pri mar ily of Late Tri -
as sic to Early Ju ras sic mag matic-arc com plexes formed
above an east-dip ping subduction zone (Mortimer, 1987).
Mount Polley is one of a chain of alkalic in tru sion–re lated
por phyry Cu-Au de pos its that de vel oped at in ter vals along
the arc (Barr et al., 1976; Lang et al., 1995a).

The Mount Polley de posit is hosted by a multiphase alkalic
in tru sive com plex (Fig ure 2). The in tru sive com plex is a
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Fig ure 1. Lo ca tion of alkalic por phyry Cu de pos its in Brit ish Co lum bia, show ing lo ca tion of Mount Polley with re spect to
the other de pos its and to the Tri as sic and Early Ju ras sic Quesnel and Stikine ter ranes.



north- to north west-trending body com posed pri mar ily of
equigranular to por phy ritic diorite, monzodiorite and
monzonite in truded by syenite dikes. Ura nium-lead and
40Ar-39Ar ages from sev eral of the in tru sive phases in the
com plex give dates be tween 201 and 205 Ma, in di cat ing a
Late Tri as sic age (Bailey and Archibald, 1990; Mortensen
et al., 1995; Logan et al., 2007).

Diorite and monzodiorite are the old est in tru sive rocks in
the com plex (Lo gan and Mihalynuk, 2005; Rees et al.,
2005, 2006) and con sist largely of augite and plagioclase
with mi nor K-feld spar in the monzodiorite. Monzonite, the
most abun dant rock type, con sists of augite and lesser bi o -
tite, and subequal amounts of plagioclase and K-feld spar.
Monzonite can be equigranular or por phy ritic and is com -
monly red dish due to per va sive fine-grained he ma tite
along grain bound aries. The he ma tite forms a halo around
the orebody, and is an al ter ation com mon to many alkalic

por phyry sys tems (e.g., Wil son et al., 2003; Holliday and
Cooke, 2007). Equigranular monzonite is the prin ci pal
hostrock to brec cia in the North east zone and is the most
com mon clast type in that brec cia. A dis tinc tive,
megacrystic, K-feld spar–phyric monzonite is pres ent as
clasts within brec cia and also forms dikes or small elon gate
in tru sive bod ies out side the brec cia bod ies where they are
spa tially as so ci ated with most of the min er al ized cen tres
(Fra ser, 1994b; Fra ser et al., 1995; Lo gan and Mihalynuk,
2005; Lo gan et al., 2007). The megacrystic K-feld spar–
phyric monzonite in tru sions are thought to be associated
with the hydrothermal system (Logan et al., 2007).

Core Zone (Springer-Bell-Cariboo Deposits)

The Mount Polley mine opened in 1997, with ini tial min ing
in the Cariboo and Bell orebodies (Fra ser, 1994b; Fra ser et
al., 1995; Im pe rial Met als Cor po ra tion, 2007). Early work
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Fig ure 2. Gen er al ized ge ol ogy of the Mount Polley re gion, show ing lo ca tion of min er al ized cen tres in the de posit (adapted from Lo gan and
Mihalynuk, 2005; Rees et al., 2005).



on these min er al ized zones iden ti fied con cen tri cally zoned
al ter ation as sem blages, a cen tral potassic zone, sur rounded
suc ces sively by gar net-epidote and a dis tal propylitic
fringe (Hodgson et al., 1976; Bailey and Hodgson, 1979).
Fra ser et al. (1995) sub se quently showed that the gar net-
epidote was spa tially re stricted and did not form a con cen -
tric zone. Within the potassic zone, Cu-Fe sulphides are
hosted in hy dro ther mal brec cia and lesser veins (Fra ser,
1994a, b; Fra ser et al., 1995). Diorite, monzodiorite, and
monzonite of the Mount Polley com plex are the coun try
rock to the brec cia (Fig ure 3). Megacrystic K-feld spar–
por phyry dikes and small el lip ti cal stocks are pres ent in the
area (Fraser et al., 1995; Rees et al., 2005).

The Cariboo de posit (Cen tral zone in Fra ser, 1994a, b) is
de vel oped in pink, potassically al tered, frac tured or
brecciated diorite. Cal cite, epidote, actinolite and
microcline oc cur as brec cia ce ment, within mi nor veins and 
as a re place ment style of al ter ation. This al ter ation as sem -
blage is more in tense in more strongly min er al ized rock.
Mag ne tite as a brec cia ce ment and veins is spa tially highly
vari able (Fra ser et al., 1995) but cor re lates with Cu and Au
grade (Im pe rial Met als Cor po ra tion, 2007). Chal co py rite is 
pre dom i nantly dis sem i nated as a ce ment to the brec cia, and
less com monly as dis sem i na tions or in veinlets that cut the
country rock and breccia.

The Bell de posit (Cen tral zone in Fra ser, 1994a, b), es sen -
tially a north ward ex ten sion of the Cariboo de posit (Fig -
ures 2 and 3), is de vel oped in K-feld spar–al tered,
brecciated monzodiorite and monzonite. Chal co py rite is
pres ent as brec cia ce ment, as well as dis sem i nated and infill 
to veins. Hypogene bornite, chalcocite, covel lite and
digenite are also pres ent, in di cat ing that the hy dro ther mal
fluid evolved to ward high-sulphidization min eral as sem -
blages (Einaudi et al., 2003). The Cariboo is char ac ter ized
by a greater abun dance of py rite than the ad join ing Cariboo
(Imperial Metals Corporation, 2007).

The Springer de posit (West zone in Fra ser, 1994a, b) is de -
vel oped in strongly K-feld spar– and al bite-al tered brec cias
(Fra ser et al., 1995; Im pe rial Met als Cor po ra tion, 2007).
Rocks are fre quently red dish due to the ubiq ui tous fine-
grained he ma tite. Chal co py rite is pres ent as brec cia ce -
ment, as well as dis sem i nated and infill to veins. Mi nor
bornite and trace quan ti ties of covel lite, chalcocite and
digenite are also pres ent. Al bite veins pres ent out side the
brec cia cut older K-feld spar and actinolite veins, indicating 
a late alteration stage.

Hy dro ther mal brec cia in each zone is heterolithic, com -
posed of clasts of diorite and monzonite with mi nor al tered
mafic rocks (Fra ser, 1994a, b; Fra ser et al., 1995). Us ing the 
ter mi nol ogy of Davies (2002; Davies et al., 2003), clast or -
ga ni za tion in the brec cias ranges from jig saw fit with an gu -
lar clasts (in dic a tive of in situ frag men ta tion and lit tle to no

trans port) to a cha otic or ga ni za tion with rounded clasts (in -
ter preted to in di cate sig nif i cant trans port and mill ing of
clasts). Clast mar gins lo cally are par tially re placed by
actinolite, bi o tite or al bite. Sil i cate al ter ation min er als and
Cu-Fe sul phide min er als ce ment the clasts. Actinolite with
minor chalcopyrite veins cut the breccia (Fraser, 1994b).

Fra ser (1994a, b; Fra ser et al., 1995) di vided the hy dro ther -
mal brec cias in the Cariboo-Bell and Springer de pos its into
four types, based on dom i nant sil i cate ce ment min er al ogy:
bi o tite, actinolite, al bite and mag ne tite. Al bite-ce mented
brec cia in the Springer is char ac ter ized by the pres ence of
tab u lar al bite and lesser bi o tite, mag ne tite and sulphides as
brec cia ce ment. Clast bound aries are dif fuse and al bite has
ex ten sively re placed the clasts. Bi o tite- and actinolite-ce -
mented brec cia char ac ter ize the Cariboo and Bell. The
actinolite-ce mented brec cia dom i nates the Bell, whereas
the bi o tite-ce mented brec cia dom i nates the Cariboo (Fig -
ure 3). Fra ser et al. (1995) re ported that the tran si tion be -
tween the two brec cia ce ments is gradational. Actinolite or
bi o tite forms the dom i nant brec cia ce ment and con tains Cu-
Fe sul phide min er als in vary ing amounts. In the actinolite
brec cia, K-feld spar re places brec cia clast mar gins and also
forms al ter ation selvages around actinolite-sul phide veins
that cut the coun try rock and brec cia. In the bi o tite-ce -
mented brec cia, the clasts are mod er ately to com pletely re -
placed by K-feld spar (Fra ser, 1994b). Al bite-ce mented
breccia overprints actinolite-cemented breccia in the
northern part of the Bell pit.

Mag ne tite-ce mented brec cias are un com mon (Fra ser,
1994b). Where pres ent, how ever, they are com monly as so -
ci ated with el e vated Cu con cen tra tions (Im pe rial Met als
Cor po ra tion, 2007). Clasts in these brec cias are also par -
tially re placed by K-feld spar. Sul phide and sparse
pyroxene are also present as breccia cement.

Northeast Zone (Wight Pit)

The North east zone (Wight pit) is dis tinctly higher grade
than other Mount Polley de pos its and con sists of coarser
grained Cu-Fe sulphides than the Cariboo, Bell or Springer
ores. The av er age Cu grade in this zone is 0.8–1.0%, which
is ap prox i mately three times higher than the other zones
(Im pe rial Met als Cor po ra tion, 2007).

Cop per-iron sulphides in the Wight pit are con fined to a
dom i nantly polylithic brec cia body (Fig ure 4) hosted in a
dis tinctly he ma tite-dusted monzonite (Jack son et al., 2007;
Lo gan et al., 2007; Pass et al., 2007; Im pe rial Met als Cor -
po ra tion, 2007). The brec cia body is ir reg u lar in shape and
in truded by mul ti ple gen er a tions of post-min eral, pet ro log -
i cally re lated dikes and cut by post-min eral faults. The
brec cia ap pears to be di vis i ble into two seg ments (Fig -
ure 4). A north ern seg ment ap pears to nar row with depth
(Pass et al., 2007), where it is ex ten sively in truded by post-
brec cia bar ren dikes. A south ern seg ment is fault bounded,
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form ing a dis cor dant wedge be tween the Green Gi ant fault,
the Brown Wall fault and po ten tially a fault that cuts the
brec cia obliquely, sep a rat ing the south ern from the north -
ern end (Fig ure 4). The brec cia con sists of jig saw-fit, ro -
tated and cha otic fa cies, which re flect in creas ing de grees of 
trans port dur ing brecciation. Ap prox i mately 90% of brec -
cia clasts are equigranular, augite-bear ing, monzonite

coun try rock. The breccia also contains clasts of mafic rock
and strongly altered material.

Lo cally, a sig nif i cant per cent age (up to 10% over all but lo -
cally greater than 50%) of the brec cia is com posed of K-
feld spar megacrystic monzonite por phyry clasts, many of
which have fine-grained mar gins and glob u lar shapes, im -
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Fig ure 3. Pre-min ing sur face geo log i cal map of the ‘Cen tral and West’ zones, now re ferred to as the Core
zone (mod i fied from Fra ser et al., 1995).



ply ing they were still hot and able to plas tic ally de form at
the time of brecciation (Rees et al., 2006; Jack son et al.,
2007). Equigranular to plagioclase-phyric monzonite is the 
most vol u met ri cally sig nif i cant in tru sive phase of the
Mount Polley com plex, and is the dom i nant clast type in the 
breccia.

Al ter ation is char ac ter ized by red dish K-feld spar, cal cite
and a mar ginal zone marked by fine-grained andraditic gar -
net. Sig nif i cant hy dro ther mal mag ne tite is not pres ent, in
con trast to the Cariboo-Bell and Springer zones (Im pe rial
Met als Cor po ra tion, 2007). Chal co py rite oc curs as a ce -
ment in both jig saw-fit brec cia and in ma trix-poor, clast-
sup ported, polylithic cha otic brec cia. Bornite ac com pa nies
chal co py rite in the high-grade core of the orebody (Deyell,
2005; Deyell and Tosdal, 2005; Pass et al., 2007), where it
com monly rims and lo cally re places chal co py rite, be com -
ing the dom i nant Cu-Fe sul phide. Py rite is sparse to ab sent
in the high-grade core but in creases to wards the outer parts

(Im pe rial Met als Cor po ra tion, 2007). A sec ond gen er a tion
of vol u met ri cally mi nor Cu-Fe sul phide–bear ing veinlets
fol lowed intrusion of post-breccia, equigranular, augite-
bearing monzonite dikes.

The bulk of sul phide min eral de po si tion is ac com pa nied by
bi o tite ce ment and al ter ation of clasts, with the high est Cu
grades found near the con tact be tween bi o tite-dom i nant
and K-feld spar–dom i nant as sem blages (Jack son et al.,
2007; Pass et al., 2007). Mag ne tite is pres ent at depth be -
neath the Cu-Fe sul phide min er als but is not as so ci ated
with higher Cu grades, in con trast to the sit u a tion in the
Cariboo and Bell pits (Im pe rial Met als Cor po ra tion, 2007).
The mag ne tite at depth is over printed by a late al bite-
epidote as sem blage. He ma tite dust ing and car bon ate blebs
are ubiq ui tous through out and around the ore zone. Late
quartz-seri cite-py rite and car bon ate-py rite as sem blages
are localized along fractures, faults and veins (Pass et al.,
2007).
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Fig ure 4. Sur face map of North east Zone brec cia be ing de vel oped in the Wight pit.



Most of the brec cia mar gins are trun cated by post-brec cia
faults or are ex ploited by post-brec cia dikes, lead ing to a
highly ir reg u lar map pat tern (Fig ure 4). Where brec cia
mar gins are pre served, there is a gra da tion from co her ent
coun try rock to jig saw-fit brec cia to ro tated and cha otic
brec cias. Pre served brec cia mar gins are rare, so the orig i nal 
vol ume and ge om e try of the brec cia body is poorly
constrained.

Hydrothermal Breccia in Alkalic Porphyry
Systems

It is ev i dent that, in the orebodies that have been mined or
are be ing mined at Mount Polley, there is a close re la tion -
ship be tween hy dro ther mal brec cia and eco nomic Cu-Fe
sul phide min er als (Lang et al., 1995b; Im pe rial Met als Cor -
po ra tion, 2007). Fur ther more, there is also an as so ci a tion
be tween Cu grade and the ap par ent in ten sity of brecciation, 
as the Core zone (Cariboo-Bell-Springer) con tains both
brec cia- and vein-hosted Cu, whereas the higher grade
North east zone is en tirely hosted in brec cia (Fra ser et al.,
1995; Lang et al., 1995; Imperial Metals Corporation,
2007).

De spite the dif fer ences in grade and brecciation style, there
are sim i lar i ties be tween the orebodies at Mount Polley.
They all have a high-tem per a ture core con sist ing of
potassic al ter ation min er als (K-feld spar and bi o tite) that
are typ i cal of most por phyry Cu de pos its re gard less of com -
po si tion (Seedorff et al., 2005). Actinolite as so ci ated with
Cu-Fe sul phide min er als is also com mon in all the Core
zone de pos its, al though it is rare in the North east zone. The
pres ence of actinolite in di cates a calcpotassic as sem blage
in the high-tem per a ture por tions of the de pos its, a char ac -
ter is tic found in most alkalic por phyry sys tems world wide
(Lang et al., 1995b; Wilson et al., 2003; Holliday and
Cooke, 2007).

The wide spread pres ence of hy dro ther mal brec cia in the
ore zones of Mount Polley dis tin guish this alkalic sys tem
from many of the other alkalic por phyry sys tems in Brit ish
Co lum bia. Hy dro ther mal brec cias are re ported to be com -
mon at Ga lore Creek (Enns et al., 1995), where they in part
host Cu-Au ore but can also lack any sig nif i cant Cu and Au
val ues (Lang et al., 1995b). Of the many de pos its around
the Iron Mask batholith, only the DM and Cres cent de pos its 
are hosted in sig nif i cant hy dro ther mal brec cia (Lang et al.,
1995b). Hy dro ther mal brec cias are pres ent but re port edly
in sig nif i cant at Cop per Moun tain and Mount Milligan
(Lang et al., 1995b; Sketchley et al., 1995). It is in ter est ing
that, al though the ton nage of the var i ous de pos its var ies
con sid er ably, grade cor re lates with the pres ence of sig nif i -
cant brec cia, with Mount Polley and Ga lore Creek both
hav ing gen er ally higher grades than do sys tems lack ing sig -
nif i cant brec cia (see Ta ble 1 in Lang et al., 1995b).

Hy dro ther mal brec cia forms where the am bi ent fluid pres -
sure ex ceeds the lithostatic load of the over ly ing rock col -
umn cou pled with the ten sile strength of the sur round ing
rock (Burnham, 1985). Thus, brec cia should form more
eas ily in shal low up per-crustal en vi ron ments. As such, it is
tempt ing to sug gest that Mount Polley rep re sents one of the
shal lower alkalic por phyry de pos its in BC. As an anal ogy,
Zweng and Clark (1995) used fluid in clu sions from the
brec cia-hosted Toquepala por phyry Cu-Mo sys tem
(>800 mil lion tonnes) in south ern Peru to sug gest that it
formed at much shal lower depths than the nearby vein-
dom i nated Cuajone por phyry Cu-Mo de posit (>1200 mil -
lion tonnes). Un for tu nately, most alkalic por phyry sys tems
in Brit ish Co lum bia lack the ap pro pri ate min er als from
which depth of for ma tion can be de ter mined, and geo log i -
cal con straints on the scale of post-min eral ero sion and de -
for ma tion of the Tri as sic and Early Ju ras sic de pos its are
lim ited. These two fac tors have, to date, pre cluded the es -
tab lish ment of any in de pend ent constraints on the depth of
formation of these systems (Lang et al., 1995b).
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Introduction

The key ob jec tive of this pro ject is to help as sess the hy dro -
car bon and min eral po ten tial of the Nechako Ba sin area in
cen tral Brit ish Co lum bia, us ing pas sive source seis mol ogy.
The Nechako Ba sin has been the fo cus of lim ited hy dro car -
bon ex plo ra tion since the 1930s. Seven ex plor atory wells
were drilled, and oil stains on drill chip sam ples, as well as
the pres ence of gas in drill stem tests, at test to some hy dro -
car bon po ten tial. Seis mic data col lected in the 1980s were
of vari able qual ity, mainly due to the ef fects of vol ca nic
cover. This study will uti lize re cord ings of dis tant earth -
quakes and back ground noise to map the sed i ment thick -
ness, crustal thick ness and over all ge om e try of the
Nechako Ba sin. An ar ray of seven seis mic sta tions was de -
ployed in Sep tem ber 2006 (Ta ble 1, Fig ure 1) to sam ple a
large area of the ba sin. The re sults of this study will com ple -
ment in de pend ent ac tive-source seis mic stud ies that are
planned for the re gion by pro vid ing im ages us ing waves
com ing from within the earth and pro vid ing con straints on
the shear-wave ve loc ity. The re sults of this re search will
also com ple ment magnetotelluric (MT) stud ies that are cur -
rently un der way, pro vid ing crit i cal new in for ma tion on po -
ros ity, frac tures and flu ids. This pa per de scribes the meth -
ods that will be used, the prog ress of the data col lec tion to
date, some pre lim i nary re sults and fu ture work.

Methodologies

Receiver Function Analysis

The pri mary tech nique used in this study will be re ceiver
func tion anal y sis, in or der to con strain the shear-wave ve -
loc ity struc ture. In this method, lo cally gen er ated P- to S-
wave con ver sions (Fig ure 2; Cassidy, 1992, 1995; Eaton
and Cassidy, 1996) will be used to map ma jor dis con ti nu -
ities be neath the seven three-com po nent seis mic sta tions

de ployed across the Nechako Ba sin (cov er ing an area of ap -
prox i mately 33 000 km2). This method typ i cally re quires
re cord ing for ap prox i mately a two-year pe riod in or der to
col lect enough re cord ings sam pling a wide range of di rec -
tions and dis tances. The ad van tages of this method in clude
site-spe cific in for ma tion (map ping dis con ti nu ities di rectly
be neath the re cord ing site); S-ve loc ity in for ma tion (dif fi -
cult to ob tain from other stud ies); in ter face ge om e try, in -
clud ing dip an gle and di rec tion; and im ages ob tain able for
struc ture be neath strong near-sur face re flec tors, as the
teleseismic en ergy is com ing from be low these near-sur -
face re flec tors, thereby pro vid ing im ages of both near-sur -
face and crustal-scale struc ture. A sim i lar study, con ducted
across the north ern Coast Moun tains of BC to im age the
coastal batholith, shows a pro nounced change in crustal
struc ture at the bound ary be tween the batholith and the
wes tern most edge of the Nechako Ba sin. This at tests to the
ca pac ity of this im ag ing method to re solve crustal ar chi tec -
ture in this re gion.

The re ceiver func tion method has re cently been ap plied in
stud ies of sed i men tary bas ins around the world. In the
Bohai Bay Ba sin (China), Zheng et al. (2005) used re ceiver
func tions to map the sed i men tary thick ness (2–12 km) and
ve loc i ties to better un der stand the pe tro leum po ten tial of
this re gion. In the Mis sis sippi embayment, Julia et al.
(2004) com bined re sults from de tailed geotechnical, seis -
mic re flec tion and re ceiver func tion stud ies to de ter mine
the ve loc ity struc ture and den sity pro files of the sed i men -
tary col umn, as well as sed i men tary thick ness. In Chile,
Law rence and Wiens (2004) com bined re ceiver func tion
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Seismic Station Location Code Latitude Longitude Elevation (km)

Anahim Lake, BC ALRB 52.5103 -125.0844 1.237

Cack lake1 seismic station, BC CLSB 52.7587 -122.5551 0.792
Fletcher Lake, BC FLLB 51.739 -123.1059 1.189
southwest Quesnel, BC RAMB 52.632 -123.1227 1.259
south of Vanderhoof, BC SULB 53.2786 -124.3576 1.171
Tatla Lake, BC TALB 52.0147 -124.2536 1.127

Thunder Mountain, BC THMB 52.5489 -124.1323 1.126

1 unofficial place name

Ta ble 1. Lo ca tion of broad band seis mic sta tions in the Nechako
Ba sin.
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Fig ure 1. Lo ca tion of the study area. Filled tri an gles (and four-char ac ter sta tion codes) in di cate the lo ca tions of the seven
broad band seis mic sta tions. Base map from Rid dell (2006).



data with sur face wave data to map the sed i men tary rocks in 
Rocas Verdes Ba sin of Patagonia.

Surface-Wave Tomography Using Ambient
Noise

Anal y sis of seis mic ‘noise’ is be ing un der taken to con strain 
the ve loc ity struc ture of the Nechako Ba sin. This method
has been suc cess fully used to map sed i men tary bas ins in
south ern Cal i for nia (e.g., Sa bra et al., 2005; Shapiro et al.,
2005) and nu mer ous other lo ca tions around the world. In
this type of study, am bi ent noise re cord ings made at sta -
tions 20–100 km apart (or more) are com pared and aligned.
These re cord ings, typ i cally dom i nated by Ray leigh waves,
are mod elled to con strain the ve loc ity struc ture at var i ous
depths. This ‘am bi ent noise’ study will com ple ment the re -
ceiver func tion tech nique (which pro vides site-spe cific in -
for ma tion be neath the re cord ing sta tions) by pro vid ing
mod els that av er age the ve loc ity struc ture be tween pairs of
sta tions. By com bin ing all pos si ble sta tion-pairs, a
tomographic im age be neath the ba sin will be ob tained.

Data

In Sep tem ber 2006, seven three-com po nent broad band
seis mic sta tions were de ployed across the Nechako Ba sin
area of cen tral BC. The sites were cho sen to sam ple a large
por tion of the ba sin, and to be close to ex ist ing bore holes

(Fig ure 1). These sta tions uti lize so lar power and sat el lite
data trans mis sion, in or der that ground shak ing can be re -
corded con tin u ously and the data trans mit ted in real time
and ar chived at data col lec tion cen tres in Sid ney, BC and
Ot tawa, ON. A typ i cal sta tion setup, con sist ing of so lar
pan els, a seis mic vault and a sat el lite dish with as so ci ated
elec tron ics, is shown in Fig ure 3.

Dur ing the first twelve months of op er a tion, more than 100
large, dis tant earth quakes (teleseisms) were re corded (Fig -
ure 4). These data will be use ful for the re ceiver func tion
anal y sis de scribed above. These events cover a wide range
of az i muth and dis tance, pro vid ing a suit able dataset for ex -
am in ing ge om e try (dip an gle and di rec tion) of the struc -
tural bound aries be neath the seis mic sta tions. In ad di tion,
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Fig ure 2. Di a gram il lus trat ing the re ceiver func tion method. When
in ci dent P waves from dis tant earth quakes en coun ter S-wave ve -
loc ity bound aries be neath a seis mic sta tion (top), some of the
energy is con verted to an S wave (Ps). The am pli tude and ar rival
time of the Ps phase, rel a tive to the di rect P wave, pro vides con -
straints on the ve loc ity con trast and depth to the in ter face.

Fig ure 3. Pho to graph of Nechako seis mic sta tion RAMB, show ing
the typ i cal sta tion lay out, with so lar pan els and sat el lite dish (seis -
mic vault is not vis i ble).

Fig ure 4. Dis tri bu tion of teleseisms re corded dur ing the first year of 
ar ray op er a tion. Stars in di cate large (mag ni tude >6), dis tant earth -
quakes. The map is cen tred on the Nechako Ba sin seis mic ar ray,
with dis tances of 3360 km (30°) and 11200 km (100°) in di cated.
This is the use ful dis tance range for re ceiver func tion stud ies.
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Fig ure 5. Sam ple wave forms (mag ni tude 6.3 earth quake near Ha waii) re corded on the Nechako seis mic sta tions. These waves con tain in for ma tion on the subsurface struc -
ture of the Nechako Ba sin.



back ground noise (re corded con tin u ously) is be ing used
for the sur face-wave to mog ra phy noise study sam pling of
the ba sin. Sam ple wave forms of a teleseism are pro vided in
Fig ure 5.

Preliminary Results

To date, only a small num ber of re ceiver func tions have
been com puted for sta tions within the Nechako Ba sin.
These pre lim i nary re ceiver func tions, how ever, are con sis -
tent, and show ar riv als in dic a tive of sed i men tary rocks in
the ba sin and crustal thick ness vari a tions. For ex am ple, the
re ceiver func tions for the mag ni tude 8.1 Kuril Is lands
earth quake on Jan u ary 13, 2007 is shown in Fig ure 6. The
ar rival at Time ‘0’ is the di rect P wave, other ar riv als are lo -
cally gen er ated P- to S-wave con verted phases and free-

sur face mul ti ples. The Ps-con verted phase near 4 s is as so -
ci ated with the con ti nen tal Moho (as are the mul ti ples at
12–17 s). The ear lier ar riv als (i.e., the ar riv als within the
first 2 s) are as so ci ated with near-sur face, low-ve loc ity sed -
i men tary rocks. As many doz ens of re ceiver func tions are
pro cessed in the near fu ture, S-wave ve loc ity mod els will
be de vel oped for each of these sites.

Future Work

Over the next six months, re ceiver func tions will be com -
puted for all suit able events re corded to date. These will be
stacked into dis tance and az i muth bins and used to iden tify
the ro bust phases that will be mod elled for shear-wave ve -
loc ity struc ture. Am pli tudes and ar rival times will be used
to con strain the S-wave ve loc ity con trast and depth of the
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Fig ure 6. Sam ple re ceiver func tions for se lect Nechako Ba sin sta tions. The ar rival at Time ‘0’ is the di rect P wave. Sub se quent ar riv als are
lo cally gen er ated P- to S-wave con verted phases and free-sur face mul ti ples. A small-am pli tude ar rival at T = 0, fol lowed im me di ately by
large-am pli tude ar riv als, is in dic a tive of near-sur face, low-ve loc ity sed i men tary rocks. The large ar riv als in di cated by ar rows are con sis tent
with a Ps con ver sion from the con ti nen tal Moho (near T = 4 s) and free-sur face mul ti ples of this phase near T = 12–17 s.



bound ary, and az i muth vari a tions in the re ceiver func tions
will help con strain the ge om e try (dip an gle and di rec tion)
of the in ter faces. This re search is be ing un der taken by a
Uni ver sity of Vic to ria M.Sc. stu dent (H. Kim). The re -
gional sur face wave to mog ra phy am bi ent noise study is
now un der way, be ing con ducted by a Uni ver sity of Man i -
toba M.Sc. stu dent. Ini tial re sults and in ter pre ta tions, in -
clud ing shear-wave ve loc ity mod els, will be pre sented in
2008.
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Introduction

The Bow ser Ba sin is a large sed i men tary ba sin de pos ited
above base ment of the Stikine Terrane in the Intermontane
Belt of north west ern Brit ish Co lum bia (Fig ure 1). It was
the site of de po si tion of a large vol ume of siliciclastic sed i -
men tary rocks dur ing Mid dle Ju ras sic through Early Cre ta -
ceous time. Ap prox i mately 6 km of ma rine to nonmarine
sed i men tary rocks, mainly as signed to the Bow ser Lake
Group, were de pos ited onto the Early to Mid dle Ju ras sic
vol cano-sed i men tary as sem blage of the Hazelton Group
(Ricketts et al., 1992; Evenchick and Thorkelson, 2005).
The bound ary be tween these units marks a ma jor change in
depositional style, from a vol ca nic arc set ting to a sub sid ing 
sed i men tary ba sin. The tran si tion zone hosts sig nif i cant
min er al iza tion (e.g., Eskay Creek Au-Ag de posit; An der -
son, 1993; Barrett and Sherlock, 1996; Roth et al., 1999) as
well as dark or ganic shale with sig nif i cant po ten tial as a pe -
tro leum source rock (Ferri et al., 2004; Ferri and Boddy,
2005). A clear un der stand ing of the na ture of this strati -
graphic tran si tion at ba sin scale could provide new insights
for both mineral and hydrocarbon exploration.

The aim of this study is to pro vide new de tailed strati -
graphic ob ser va tions of the Ashman Ridge sec tion, which
ex hib its con tin u ous ex po sure across the Hazelton Group–
Bow ser Lake Group tran si tion. In a fu ture pa per, this strati -
graphic col umn will be in te grated in a re gional ba sin anal y -
sis study and com pared with equiv a lent strati graphic units
pre vi ously de scribed in the north ern part of the Bow ser Ba -
sin (Waldron et al., 2006; Gagnon et al., 2007).

Ashman Ridge is lo cated ap prox i mately 40 km west of
Smithers, BC (Fig ure 1). The sec tion was orig i nally de -
scribed as part of a pro ject in volv ing re gional strati graphic
map ping of north-cen tral Brit ish Co lum bia by Tip per and
Rich ards (1976), who de fined the Ashman For ma tion of

the Bow ser Lake Group and pro posed Ashman Ridge as the 
type sec tion. Stratigraphically lower units of the Hazelton
Group are also well ex posed along the sec tion and pro vide a 
com plete re cord of the change in depositional environment.

Stratigraphic Units

Volcanic Rocks

The low est strati graphic units ex posed at Ashman Ridge
con sist of amyg da loid al andesitic to dacitic flows and as so -
ci ated pyroclastic rocks of the Hazelton Group. This pre -
dom i nantly vol ca nic suc ces sion was pre vi ously as signed to 
the Howson Subaerial Fa cies of the Late Sinemurian to
Early Pliensbachian Telkwa For ma tion by Tip per and Rich -
ards (1976). Ac cord ing to them, the Howson Fa cies con -
sists of a thick suite of calcalkaline ba salt to rhy o lite flows
and de rived pyroclastic rocks. The vol ca nic flows iden ti -
fied in the cur rent study are typ i cally 5–15 m thick, and
autobrecciated near the top. Most are apha ni tic, but the sec -
tion con tains mi nor amounts of feld spar-phyric an de site.
The pres ence of highly indurated ignimbrite con tain ing
flat tened pum ice sug gests that these vol ca nic rocks were
mostly de pos ited in a subaerial en vi ron ment (Fig ure 2).
The oc cur rence of a unit of light grey packstone in the dom -
i nantly vol ca nic suc ces sion, how ever, in di cates that ma rine 
con di tions ex isted lo cally. This fossiliferous fine-grained
lime stone con tains well-pre served si lici fied bur rows and
ooids, in di cat ing de po si tion in a rel a tively warm shal low
sea (Fig ure 3). These car bon ate units are capped by a very
thick rusty-weathered vesicular basalt flow with epidote-
bearing quartz veins.

The up per most dom i nantly volcanogenic unit of the sec -
tion con sists of ma roon to bright red, fine-grained crys tal-
lithic tuff. Tip per and Rich ards (1976) in cluded this unit in
the Red Tuff Mem ber of the Nilkitkwa For ma tion and es ti -
mated its age to be Mid dle Toarcian or youn ger, based on
paleontological con trol in un der ly ing and over ly ing units.
On Ashman Ridge, units of the Red Tuff Mem ber com prise
well-bed ded, welded ash flow tuff, poorly sorted rubbly
lapilli tuff, and lahar. Rounded bombs up to 30 cm in di am e -
ter are com mon in a very fine grained ma trix. In the
Smithers area, this ex ten sive subaerial pyroclastic unit con -
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sti tutes the last ma jor pre served vol ca nic erup tion re lated to 
the Hazelton arc be fore wide spread sed i men ta tion of the
Smithers Formation was initiated.

Sedimentary Rocks

Es tab lish ment of a sub sid ing sed i men tary ba sin on the
Hazelton arc oc curred around the Mid dle Toarcian and is
re corded by the de po si tion of sand stone, as signed by Tip -
per and Rich ards (1976) to the Smithers For ma tion. As de -

fined by these au thors, the Smithers For ma tion con sists of a 
mix ture of fossiliferous, light grey-brown, lithic sand stone
and tuffaceous siltstone.

At Ashman Ridge, the fos sil-rich cal car e ous sand stone un -
con form ably over lies the subaerial, ox i dized pyroclastic
units of the Red Tuff Mem ber (Fig ure 4). The basal con tact
is ero sive but no an gu lar dis cor dance was ob served at the
out crop scale. A high con cen tra tion of vol ca nic-de rived
clasts in the tuffaceous sand stone sug gests re cy cling of the
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Fig ure 3. Si lici fied bur rows in a unit of fine-grained oolitic lime -
stone.

Fig ure 2. Fiamme struc tures in a unit of densely welded ignim -
brite.

Fig ure 1. Sim pli fied ge ol ogy of the Ashman Ridge area, show ing the lo ca tion of the strati graphic
transect de scribed in this study. Right side of the fig ure shows the lo ca tion of the Bow ser Ba sin in
re la tion to prin ci pal tec tonic belts of the Ca na dian Cordilleran Orogen (modified from Tip per and
Rich ards, 1976; Evenchick and Thorkelson, 2005).



un der ly ing Red Tuff Mem ber and/or con tem po -
ra ne ous vol ca nism. Even though the hi a tus as -
so ci ated with the un con formity re mains poorly
con strained due to the lack of pre cise dat ing of
the Red Tuff Mem ber, paleontological con trol
be low and above it suggests a gap of only a few
million years.

De tailed strati graphic ob ser va tions of the lower, 
sand stone-dom i nated sec tion taken along the
ex posed sec tion at Ashman Ridge are shown in
Fig ure 5, on which this in ter val is dis tin guished
as unit A. The unit com prises mostly me dium- to 
fine-grained, green ish brown sand stone with
abun dant ma rine fauna, in clud ing bel em nites,
gas tro pods, cor als, ammonoids and a wide va ri -
ety of or nate bi valves such as Trigonia (Fig -
ure 6). Bioturbation is om ni pres ent and tends to
be par tic u larly well dis played in oc ca sional
beds of green glauconitic sand stone (Fig ure 7). This rich
fau nal as sem blage and com mon oc cur rence of wave-gen -
er ated sed i men tary struc tures sug gest that the unit was de -
pos ited in rel a tively shal low ma rine con di tions, con firm ing 
the pre vi ous in ter pre ta tion of the Smithers Formation by
Tipper and Richards (1976). 

Fossiliferous cal car e ous sand stone of unit A is con form -
ably over lain by a unit of thinly bed ded blocky si li ceous
mudstone with re ces sive units, typ i cally only milli metres to 
a few centi metres thick, of pale or ange-weath ered tuff
(unit B in Fig ure 5). This unit con trasts with the un der ly ing
sand stone in that it lacks abun dant bi valves, shows only
sparse bioturbation and is sig nif i cantly finer grained. The
con tact is eas ily mappable. Well-pre served ammonites, in -
clud ing Kepplerites sp. and Cobbanites sp., were col lected
dur ing this study ap prox i mately 66.5 m be low the top of the 
thinly bed ded unit (Fig ure 8: cor re sponds to GSC lo ca tion
85413; Tip per and Rich ards 1976). Bel em nites and cal car -
e ous con cre tions are abun dant in the up per half of this unit,
which to tals 221 m in thick ness (Fig ure 5). The fine grain
size, lat er ally con tin u ous bed ding, and lack of cur rent-gen -
er ated struc tures indicate that this unit accumulated mostly
from suspension.

The si li ceous, fine-grained suc ces sion is over lain with a
sharp but ap par ently con form able bound ary by brown- and
white-weath er ing arkosic sand stone with thick limy con -
cre tions, mark ing the base of unit C (Fig ure 5). Even
though the con tact is con form able, field ob ser va tions in di -
cate that there is an ~10 m dextral off set along a steep nor -
mal fault close to the point where this con tact crosses the
crest of the ridge. The over ly ing me dium-grained, arkosic
sand stone con tains abun dant mud rip-up clasts at the bases
of the 40–70 cm thick beds. Par al lel hor i zon tal lami na tions
are com mon and there are lo cal con cen tra tions of fos sil
wood de bris. The depositional en vi ron ment for this sand-

rich unit is in ter preted to be one of high en ergy, con trast ing
with con di tions that pre vailed dur ing the de po si tion of the
underlying belemnite-rich, siliceous argillite of unit B.

Higher in unit C, a 50 m suc ces sion of finely lam i nated
fine-grained sand stone and siltstone over lies the coarser
feldspathic sand stone. It con tains few bel em nites and cal -
car e ous con cre tions. This re ces sive, fine-grained unit is
capped by a thin bed of dark shale that prob a bly cor re -
sponds to a flood ing sur face. Im me di ately above it, mul ti -
ple coars en ing-up ward se quences were iden ti fied in fine-
grained to peb bly sand stone. Hummocky cross-strat i fi ca -
tion, trough crossbedding and climb ing rip ples are com -
mon sed i men tary struc tures in this unit. Abun dant trace
fos sils are found in the finer grained sec tions and mul ti ple
Trigonia bi valves were also col lected. At 760 m in the mea -
sured strati graphic sec tion, a coars en ing-up ward con glom -
er ate in ter val is over lain by a 10 cm thick bed of wood de -
bris. These re gres sive cy cles could be in ter preted as
progradation of a deltaic sys tem into a shal low ma rine en vi -
ron ment. Re ces sive in ter vals of fis sile shale and very fine
silt are interbedded with the coarser progradational
shoreface de pos its and are in ter preted by the au thors to rep -
re sent lat eral embayments. Flaser lami na tions are com mon
in the finer grained units, which sug gests that the sed i ments
were re worked by tidal pro cesses. Oc ca sional thin lay ers of 
re worked pale-weath er ing ash tuff at the base of sand stone
beds at test to dis tal vol ca nism. Rel a tively good ex po sure
en abled the authors to measure sedimentary strata up to
1145 m and no significant lithological change was
observed.

Discussion

Tip per and Rich ards (1976) di vided the Ashman Ridge sec -
tion into a num ber of units. Above the pre dom i nantly vol -
ca nic rocks of the Telkwa and Nilkitkwa for ma tions, they
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Fig ure 4. Strati graphic con tact be tween the Red Tuff Mem ber and the Smithers
For ma tion at Ashman Ridge.
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Fig ure 5. De tailed strati graphic sec tion at Ashman Ridge, show ing the dif fer ent units iden ti fied in this study.
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as signed sand stone of unit A and the basal part of unit B of
this study to their Smithers For ma tion. Most of the re main -
der of unit B of this study was as signed by Tip per and Rich -
ards to the Ashman For ma tion. The high est part of their
sec tion was as signed to un dif fer en ti ated Bow ser Lake

Group. Tip per and Rich ards (1976) placed the top of the
Ashman For ma tion at the top of a 659 m thick unit, ten ta -
tively iden ti fied at 980 m in the sec tion mea sured for this
study, al though they give no in di ca tion of the lithological
cri te ria for dis tin guish ing the Ashman For ma tion from
undifferentiated units of the Bowser Lake Group.

Based on work by the cur rent au thors (Waldron et al., 2006; 
Gagnon et al., 2007), that of oth ers far ther north in the
Bow ser Ba sin (Thomson et al., 1986; An der son and
Thorkelson 1990; Greig 1991), and the def i ni tions for the
Smithers For ma tion of Tip per and Rich ards (1976), the au -
thors sug gest a dif fer ent sub di vi sion (Fig ure 9). Unit A is a
clearly mappable unit of bioturbated fossiliferous sand -
stone that cor re sponds closely, in lithological char ac ter, to
the Tip per and Rich ards (1976) def i ni tion of the Smithers
For ma tion. The cur rent study there fore sug gests that the
top of the Smithers For ma tion should be set at the top of the
up per most heavily bioturbated cal car e ous sand stone bed
ob served at 310 m in the section measured for this study
(Figure 5).
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Fig ure 6. Trigonia bi valve of the Smithers For ma tion, in di cat ing
de po si tion in a shal low ma rine en vi ron ment. Ob served at 102 m on 
the strati graphic sec tion.

Fig ure 7. Trace fos sils in a glauconitic fine-grained sand stone of
the Smithers For ma tion. Ob served at 78 m on the strati graphic
sec tion.

Fig ure 8. Well-pre served ammonite fos sil col lected near the top of
the ‘py jama beds’ unit. Ob served at 463 m on the strati graphic sec -
tion.

Red Tuff Member

Smithers Formation

Ashman Formation

   Undifferentiated
Bowser Lake Group

Red Tuff Member

           Unit A

(Smithers Formation)
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(Pyjama Beds)

                  Unit C

Muskaboo Creek Assemblage
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200m
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    0m

Tipper and Richards (1976) This study

600m

800m

1000m

Fig ure 9. Strati graphic cor re la tions be tween the de tailed sec tion
of this study and the orig i nal type sec tion of the Ashman For ma tion
(Tip per and Rich ards, 1976).



Fol low ing the same logic, the next im por tant lithological
bound ary oc curs at 531 m, where interbedded si li ceous
mudstone and tuff of unit B are over lain by lam i nated, me -
dium- to very coarse grained arkosic sand stone beds with
abun dant mud rip-up clasts and wood frag ments of unit C.
This marks a sig nif i cant change in depositional en vi ron -
ment within the ba sin. Interbedded siltstone and thin tuff
units sim i lar (though not ev ery where iden ti cal) to unit B are 
wide spread in the Mid dle Ju ras sic of the Bow ser Ba sin,
though they are re ferred to by a va ri ety of names. In the
Joan Lake area, they are re ferred to as the Quock For ma tion 
of the Spatsizi Group by Thomson et al. (1986) The Quock
For ma tion was later low ered to the Quock Mem ber of the
Spatsizi For ma tion by Evenchick and Thorkelson (2005).
Else where, sim i lar units are re ferred to as the Troy Ridge
Fa cies of the Salmon River For ma tion by An der son and
Thorkelson (1990). In for mally, cor re la tive units have been
re ferred to widely as ‘py jama beds’ (An der son and
Thorkelson, 1990; An der son, 1993; Ferri et al., 2004; Ferri
and Boddy, 2005; Evenchick and Thorkelson, 2005). The
au thors use this in for mal name pending future formal
revision of the lithostratigraphy.

Over ly ing, nonsilicified clastic sed i men tary rocks of unit C 
of this study, as signed to the Ashman For ma tion by Tip per
and Rich ards (1976), bear a close field re sem blance to
wide spread shal low ma rine units of the Bow ser Lake
Group as signed to the Muskaboo Creek as sem blage of
Evenchick et al. (2001). The up per bound ary of this fa cies
is not seen at Ashman Ridge, and the au thors see no jus ti fi -
ca tion for plac ing an up per bound ary at the top of the Tip per 
and Richards (1976) section.

The au thors pro pose that the name Ashman For ma tion be
aban doned, as it does not rep re sent a clearly de fined
mappable unit. In stead, it is sug gested that unit A of this
study is equiv a lent to the Smithers For ma tion of the Up per
Hazelton Group as re gion ally mapped. Unit B is yet to be
for mally named, but is cor re la tive with the ‘py jama beds’
mapped else where as Up per Hazelton Group (An der son,
1993; Waldron et al., 2006; Gagnon et al., 2007). The over -
ly ing unit C, equiv a lent to the bulk of the Ashman For ma -
tion as de fined by Tip per and Rich ards (1976), is equiv a lent 
to the Muskaboo Creek As sem blage of the Bow ser Lake
Group (Evenchick et al., 2006).

The tran si tion from unit A to unit B prob a bly rep re sents a
deep en ing as so ci ated with sub si dence at the on set of ba sin
for ma tion. The tran si tion from the ‘py jama beds’ of unit B
to the Bow ser Lake Group is un usual, be cause there is no
in ter val of sub ma rine fan or slope sed i ments (Ritchie-
Alger or Todagin As sem blage) be low shal low-ma rine sed i -
ments of the Muskaboo Creek As sem blage, as is typ i cal of
Bow ser Ba sin suc ces sions far ther north (Evenchick and
Thorkelson, 2005). This sug gests that the ini tial sub si dence 
of the Bow ser Ba sin was less pro found at Ashman Ridge

than else where, and the ac com mo da tion space gen er ated in
ba sin for ma tion was filled relatively rapidly by sediment in
this area.

The new strati graphic frame work pro posed in this study
con firms the pres ence of` a mappable ‘py jama beds’ unit
con form ably un der ly ing sed i men tary rocks of the Bow ser
Lake Group at the ba sin scale. This has im por tant im pli ca -
tions for both pe tro leum and min eral ex plo ra tion, as equiv -
a lent strati graphic units in the north ern part of the Bow ser
Ba sin host volcanogenic mas sive sul phide min er al iza tion
(Barrett and Sherlock, 1996; Roth et al., 1999) and have
proven pe tro leum source rock prop er ties (Ferri et al., 2004;
Ferri and Boddy, 2005).
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Introduction

The Nechako Ba sin is an Up per Cre ta ceous
to Oligocene ba sin lo cated in the Interior
Plateau of south ern Brit ish Co lum bia (Fig -
ure 1), be tween the Rocky and Coast moun -
tains. The sed i men tary ba sin formed over,
and in part from, the accreted ter ranes of the 
west ern Ca na dian Cor dil lera, where the
oce anic Cache Creek Terrane sep a rates the
Stikine and Quesnel vol ca nic arc ter ranes
(Struik and Mac In tyre, 2001). West ward-
di rected thrust ing at the bound ary be tween
the Stikine and Cache Creek ter ranes oc -
curred prior to 165 Ma (Schiarizza and
Mac In tyre, 1999). Transpressional tec tonic 
pro cesses were dom i nant un til the Eocene
(Best, 2004), when there was a shift to a
dextral transtensional re gime (Price, 1994)
and ac com pa ny ing vol ca nism. The ba sin is
bounded by the Cre ta ceous Skeena Arch to
the north, the Coast Moun tains and Eocene
Yalakom fault to the west, the Cre ta ceous
Tyaughton Ba sin to the south and the
Eocene Fra ser fault to the east. The ma jor
Yalakom and Fra ser faults are associated
with the episode of Eocene transtension.

The ba sin is ex ten sively blan keted by vol ca nic rocks of the
Eocene Endako and Ootsa Lake groups and the Neo gene
Chil cotin Group (Fig ure 2), and Pleis to cene gla cial de pos -
its (e.g., Rid dell, 2006), mak ing in ter pre ta tion of the ba -
sin’s stra tig ra phy and struc ture dif fi cult. The Endako and
Ootsa Lake groups con sist, re spec tively, of ba saltic to
andesitic and in ter me di ate to fel sic flows, ac com pa nied by

tuff, brec cia and sed i men tary rocks. The Chil cotin Group
con sists pri mar ily of ba saltic flows (Rid dell, 2006). How -
ever, iso lated out crops (e.g., Rid dell, 2006), eight wells
(drilled by Ca na dian Hunter Ex plo ra tion Lim ited, Esso,
Ho no lulu Oil Cor po ra tion Lim ited and Hud son’s Bay Oil
and Gas ex plo ra tion com pa nies) and seis mic re flec tion in -
ter pre ta tion in the 1980s by Ca na dian Hunter re veal the ba -
sin to con tain Lower Ju ras sic to Up per Cre ta ceous sed i -
men tary rocks. These rocks are folded and faulted as a
result of the basin’s complex tectonic history.

The in ter pre ta tion of the seis mic re flec tion and well data,
on which this study is pri mar ily based, re veals four blocks
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Fig ure 1. Lo ca tion of the Nechako Ba sin and sim pli fied ge ol ogy of its west ern Ca na -
dian Cor dil lera set ting. Black dashed box shows the study area. Red dashed box
shows the fo cus re gion of this re port.



of dif fer ent geo log i cal struc ture and stra tig ra phy (Fig -
ure 2):

1) Block A (south ern Redstone area), in the south ern part
of the study area, is cen tred on the Ca na dian Hunter
Redstone wells b-82-C and d-94-G, and seis mic lines
160-01 to 160-19.

2) Block B (west ern Redstone area), cen trally lo cated, in -
cludes the sin gle seis mic line 160-17, which in ter sects
Hud son’s Bay well c-75-A.

3) Block C (Chil cotin area), in the north west ern part of the
study area, con tains the Ca na dian Hunter Chil cotin well
b-22-K and seis mic lines 161-01 to 161-09.

130 Geoscience BC Sum mary of Ac tiv i ties 2007

Fig ure 2. Ge ol ogy of the study area (Rid dell, 2006) and lo ca tion of seis mic re flec tion pro files (heavy black lines). Vol ca nic and surficial
units: EtEn, Endako Group; EtOo, Ootsa Lake Group; LTQCh, Chil cotin Group; Qal, Qua ter nary cover; lKSb, Spences Bridge Group. Red
dashed box shows the lo ca tion of block A. Other blocks are shown by a black dashed box. Heavy red dashed line shows the lo ca tion of the
first-ar rival tomographic ve loc ity model shown in Fig ure 5.



4) Block D (Nazko area), in the north east ern part of the
study area, in cludes wells Ho no lulu Nazko a-4-L, Ca na -
dian Hunter Nazko d-96-E and Ca na dian Hunter–Esso
Nazko b-16-J, and seis mic lines 159-01 to 159-15 and
162-02.

This study re-eval u ates the stra tig ra phy and struc ture of the
south east ern Nechako Ba sin, pri mar ily from the re in ter pre -
ta tion, in clud ing tomographic ve loc ity mod el ling, of more
than 1650 km of Ca na dian Hunter seis mic re flec tion pro -
files. These in ter pre ta tions are aided by their in te gra tion
with all rel e vant geo log i cal and geo phys i cal in for ma tion,
in clud ing well logs, ge ol ogy and po ten tial field data. This
pa per pres ents a pre lim i nary interpretation of the block A
area (Figure 2).

Seismic Interpretation of Block A

Seis mic re flec tion pro files form the ba sis for the re-ex am i -
na tion of the struc ture and stra tig ra phy of the south east ern
Nechako Ba sin. The seis mic re flec tion data ac quired by
Ca na dian Hunter in the 1980s were re cov ered and re pro -
cessed in 2006 by Arcis.

Sur face map ping (e.g., Rid dell, 2006) does not pro vide a
use fully long strati graphic sec tion, due to the ex ten sive ve -
neer of Ter tiary vol ca nic and Pleis to cene gla cial de pos its
(Fig ure 2). There fore, data from the Ca na dian Hunter
Redstone wells b-82-C and d-94-G pro vide the pri mary
stratigraphic control.

Integration of Well Data with Seismic Profiles

Strati graphic, struc tural, geo phys i cal and ma te rial prop erty 
data from wells in the south east ern Nechako Ba sin aided in
the in ter pre ta tion of seis mic pro files. To cor re late the data
with the seis mic pro files, thick nesses were con verted to
seis mic traveltimes us ing the well sonic logs and the Pe trel
soft ware pack age (Schlumberger Ltd.). The mea sured
depth (2169 m) of well d-94-G was cal cu lated to cor re -
spond to a two-way traveltime of ~1.02 s. For well b-82-C,
the to tal depth of 1719 m was cal cu lated to cor re spond to a
two-way traveltime of ~1.1 s.

Syn thetic seismograms were gen er ated from den sity and
sonic log data, also us ing the Pe trel soft ware pack age, to aid 
in seis mic-to-well cor re la tion. For well b-82-C, an es ti mate 
of the den sity vari a tion through the well was de rived from
the neu tron po ros ity log, as sum ing an inter gra nu lar fluid
den sity of 1030 k/gm3 and a grain den sity of 2670 kg/m3, as
the well’s den sity log only cov ered a short in ter val of
~520 m. The syn thetic seismograms show a gen eral cor re -
la tion with changes in re flec tion char ac ter, but the match -
ing of specific reflections was not possible.

Well stra tig ra phy and geo chron ol ogy have been re-eval u -
ated by Ferri and Rid dell (2006) and Rid dell et al. (2007).
Strati graphic col umns (Ferri and Rid dell, 2006) were con -
verted to time via the sonic logs, in or der that more ac cu rate
cor re la tions could be drawn with seis mic re flec tions (e.g.,
Figure 3).
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Fig ure 3. Struc tural and strati graphic in ter pre ta tion of a seis mic re flec tion sec tion from block A. Well d-94-G strati graphic col umns (time
con verted) from Ferri and Rid dell (2006). Up per box shows the Bouguer grav ity (black line) and to tal field mag netic (red line) anom a lies.
Ab bre vi a tion: TRS, Taseko River strata.



Structure of Nechako Basin Block A

The pre lim i nary in ter pre ta tion of the struc ture and stra tig -
ra phy of block A is shown in Fig ure 4. Mag netic anom a lies
(Fig ure 4) are dom i nated by the Ter tiary vol ca nic rocks, but 
many anom a lies in di cate subsurface struc tural grain. Mag -
netic anom a lies guided the in ter pre ta tion of the ori en ta tion
of struc tures, es pe cially where only in ter sected by a single
seismic profile.

Structure and Stratigraphy Adjacent to
Well d-94-G

Near well d-94-G, a sub-ba sin con tain ing ~2 km of mid -
dle/late Albian to Cenomanian sed i men tary rocks of the
Tay lor Creek Group over lies the Spences Bridge (Rid dell et 
al., 2007) an de site base ment (Fig ure 3). This sub-ba sin has
a cor re spond ing Bouguer grav ity low of ~660 mGal, rel a -
tive to highs of ~670 mGal to the north and east. The Tay lor
Creek Group and Spences Bridge vol ca nic rocks are trun -
cated against base ment of un known af fin ity by a south -
west-dip ping, low-an gle pri mary fault (A; Fig ures 3, 4),
which maybe of a com pres sive or i gin. The ori en ta tion of
the con tact of the Spences Bridge vol ca nic rocks with the

fault plane is oblique to the surface trace of the fault
(Figure 4).

Sev eral high-an gle, south west-dip ping re verse faults sole
into the pri mary fault (B; Fig ures 3, 4). The rocks of the
Tay lor Creek Group form a broad faulted anticline that
plunges to the north west. To the south west, the Tay lor
Creek Group rocks thin and are cut (Fig ure 4) by a num ber
of north east-dip ping faults that show a com po nent of re -
verse or un de ter mined sense (C; Fig ure 3) and a con cave
trace (C; Fig ure 4). The out crop of Spences Bridge vol ca nic 
rocks (Fig ure 2) and fault ing (e.g., Rid dell, 2006) just be -
yond the west ern ex tent of the seis mic pro files marks the
western edge of the sub-basin.

Al though faults near well d-94-G are in ter preted as partly
com pres sive, the rel a tive off set across the struc tures sug -
gests a strong strike-slip com po nent and pos si ble re ac ti va -
tion. This mo tion was likely co in ci dent with Eocene dextral 
transtension (Struik, 1993; Price, 1994), which in cluded
the Yalakom and Fra ser fault sys tems, and sug gests that
mo tion was di rected to the northwest (Figure 4).

A low-an gle fault (D; Fig ure 3), trending oblique to pre vi -
ously dis cussed struc tures, is trun cated by youn ger rocks of 
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Fig ure 4. Struc ture of block A, over lain on the to tal mag netic field (il lu mi na tion from the south west). See leg end for fea ture ex pla na tions.
Let ters mark struc tures shown in Fig ure 3. Heavy dashed col oured lines in di cate base ment af fin ity. Heavy black lines show re gional faults
from geo log i cal map ping (Rid dell, 2006). Heavy black dashed lines show pos si ble ex ten sion of these faults based on mag netic anom a lies.



the Tay lor Creek Group near the sur face on some seis mic
pro files. This struc ture in ter sects and may be trun cated at
depth by steeply dip ping faults (C; Fig ure 3), thus sug gest -
ing an ear lier or i gin, per haps re lated to pre-Eocene
transpression.

Structure and Stratigraphy Adjacent to
Well b-82-C

To the east of fault A (Fig ure 4), Albian sed i men tary rocks
of un cer tain af fin ity (ei ther Tay lor Creek Group, Skeena
Group or Silverquick For ma tion), sam pled by well b-82-C
(Rid dell et al., 2007), are not as in tensely de formed as the
Tay lor Creek Group rocks to the west. Broad folds have a
gen er ally north east erly strike. In the re gion of well b-82-C,
the sam pled Albian gra nitic base ment, which pre dates the
Spences Bridge vol ca nic rocks, is not clearly im aged by
seis mic pro files. How ever, late Albian to Cenomanian
(Rid dell et al., 2007), fine-grained sed i men tary and vol ca -
nic rocks that over lie the gra nitic base ment pro duce re flec -
tions that are mapped with con fi dence on seismic profiles
adjacent to the well.

North west of well b-82-C, base ment rocks of un known af -
fin ity are thrust (E; Fig ure 4) south east over the late Albian
sed i men tary rocks. This bound ary co in cides with a re duc -
tion of the Bouguer grav ity anom aly to the south east from a
high of ~670 mGal to a low of ~650 mGal. Sev eral high-an -
gle re verse or transpressive faults to the south east ap pear to
be con tem po ra ne ous with the base ment thrust. The char ac -
ter of to tal field mag netic and grav ity anom a lies sug gests
that the rocks to the north may be in tru sive; how ever, the
struc tural con tact im plies in tru sion prior to fault ing. To the
west, the thrust fault ap pears to be trun cated by a pair of
north west-strik ing faults (F and G; Fig ure 4) that may be
con nected to faults mapped to the south (Fig ures 2, 4; Rid -
dell, 2006). The faults di vide a pla teau of shal low base ment 
to the west, re lated to high Bouguer grav ity anom a lies
(~670 mGal), from the sed i men tary ba sin and grav ity low
(~650 mGal) to the east. The north east-strik ing thrust may
in di cate the pres ence of a compressional trans fer zone be -
tween Eocene dextral strike-slip faults. This con clu sion
would be con trary to north east-trending extensional faults
that com monly link north west-trending, dextral strike-slip
faults (e.g., Struik, 1993) in the Canadian Cordillera.

First-Arrival Tomographic Velocity
Modelling

First-ar rival tomographic ve loc ity mod el ling de rives an es -
ti mate of the seis mic P-wave ve loc ity from the traveltimes
of the first ar riv als from the source to each re ceiver of a
seis mic re flec tion pro file. Vari a tions in ve loc ity can re veal
struc tures in near-sur face rocks that may be poorly im aged
by seis mic re flec tion pro files. First-ar rival tomographic ve -
loc ity mod els have been used ef fec tively to ex am ine the
struc ture of the Tofino Ba sin (Hay ward and Calvert, 2007),

the Se at tle fault (Calvert et al., 2003) and the Devil’s
Mountain fault (Hayward et al., 2006).

Method

First-ar rival (the di rect wave and subsurface re frac tions)
tomographic-in ver sion ve loc ity mod els were cal cu lated
(e.g., Calvert et al., 2003) for all straight seis mic pro files
(Fig ure 2). First ar riv als picked dur ing seis mic re flec tion
pro cess ing by Arcis were man u ally ed ited in the
ProMAXTM soft ware pack age (Land mark Graphics Cor po -
ra tion) in or der to correct picking errors.

The Pronto soft ware (Aldridge and Oldenburg, 1993) was
used to model the seis mic ve loc ity. First-ar rival times to all
lo ca tions in a subsurface ve loc ity grid (25 m grid spac ing)
were de rived from a fi nite-dif fer ence so lu tion to the
eikonal equa tion. Source to re ceiver ray paths along the
steep est di rec tion of de scent were cre ated through the
traveltime grid. A one-di men sional (1-D) start ing model
was es ti mated from the re sults of a few trial in ver sions, set -
ting the top of the model to 1700 m/s1 with a gra di ent of
1.5 (m/s1)/m1. A per tur ba tion in the ve loc ity model was cal -
cu lated from the dif fer ence be tween the cal cu lated and ob -
served first-ar rival traveltimes for each of 15 iterations.

Al though ray pen e tra tion of ten ex ceeded 1000 m, the high -
est den sity of rays (Fig ure 5a) was typ i cally in the near-sur -
face, lead ing to a well-con strained es ti mate of the P-wave
ve loc ity (Fig ure 5b) for depths of up to ~500 m.

Preliminary Velocity Model Results in the
Vicinity of Well b-82-Cl

Well b-82-C sam pled ~220 m of the Endako vol ca nic rocks
(Ferri and Rid dell, 2006) that blan ket this part of the ba sin.
In the area of well b-82-C, the mod elled rays are fo cused on
the base of the vol ca nic layer (Fig ure 5a) at a depth of
~220 m, where the ve loc ity model has a ve loc ity of
~3200 m/s1 (Fig ure 5b). Ray den sity and ve loc ity mod els
may thus be use ful for con strain ing the thick ness and ve loc -
ity of the volcanic overburden.

Conclusions and Further Investigations

Pre lim i nary seis mic re flec tion in ter pre ta tion in the block A
re gion of the south east ern Nechako Ba sin has pro vided a
new and de tailed in ter pre ta tion of the stra tig ra phy and
struc ture of this re gion. The sub-ba sin in the vi cin ity of well 
d-94-G has the form of a highly faulted and north west-
plung ing faulted anticline that is bounded by fault ing and
shal low base ment to the north east and south west, re spec -
tively. In con trast, the sub-ba sin ad ja cent to well b-82-C is
more poorly de formed, with broad open fold ing. Fault ing is 
con cen trated at the north west and south east mar gins, which 
are marked by basement and Bouguer gravity highs.
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Work un der way will fur ther in -
te grate this in ter pre ta tion with
ad di tional geo phys i cal and
geo log i cal in for ma tion and ex -
pand the in ter pre ta tion to the
other blocks (Fig ure 2). Seis -
mic ve loc ity mod els for the
crooked seis mic re flec tion
lines, which re quire a 3-D
model ap proach, will be cre ated 
and used in com bi na tion with
the ex ist ing mod els to pro vide
in for ma tion on the near-sur face 
s t r u c t u r e  a n d  v o l c a n i c
overburden.
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Introduction

The Nechako Ba sin (Fig ure 1) is part of the In te -
rior Pla teau phys io graphic re gion of Brit ish Co -
lum bia, and has been var i ously de fined in terms
of ex tent and age (Ferri and Rid dell, 2006). Ac -
cu rate as sess ment of the pe tro leum po ten tial of
the Nechako Ba sin re quires a com pre hen sive
un der stand ing of the ba sin ar chi tec ture de vel -
oped within Cre ta ceous strata, which rep re sent
the most pro spec tive tar gets in the subsurface.
Mod el ing the subsurface dis tri bu tion of these
Cre ta ceous units re quires a de tailed strati -
graphic anal y sis of co eval, lat er ally ad ja cent
strata exposed along the basin margins (Mustard 
and Mahoney, 2007).

The age and gen eral lithological char ac ter of
strata in the subsurface of the Nechako Ba sin are
broadly known from in dus try drillholes (lo cated 
on Fig ure 1) as well as through ex am i na tion of
iso lated out crops of Cre ta ceous in ter vals ex -
posed be neath ex ten sive Ce no zoic vol ca nic and
gla cial cover (Ferri and Rid dell, 2006; Mus tard
and MacEachern, 2007; Rid dell et al., 2007).
Re gional fa cies pat terns and ba sin ar chi tec ture
within the Nechako Ba sin are poorly un der stood, how ever,
and even the strati graphic af fin i ties of subsurface units are
un clear. For ex am ple, Hunt (1992) iden ti fied some
subsurface strata as pos si ble Jack ass Moun tain Group, a
Lower Cre ta ceous suc ces sion that is ex posed along the
south ern mar gins of the Nechako Ba sin, and that most pre -

vi ous stud ies have sug gested is dom i nated by sub ma rine
fan de pos its. In con trast, Hannigan et al. (1994) as signed
these rocks to the Skeena ‘as sem blage’ (more com monly
termed the Skeena Group), a gen er ally nonmarine Lower
Cre ta ceous succession exposed along the northern margins
of the Nechako Basin.

This con fu sion il lus trates the poorly con strained na ture of
the subsurface strata in this re gion (for a more thor ough dis -
cus sion of the strati graphic prob lems, see Ferri and Rid dell, 
2006) and the lack of un der stand ing of the orig i nal ex tent of 
what is now termed the Nechako Ba sin. More re cently, Rid -
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dell et al. (2007) have pro vided new palynological and ra -
dio met ric age con trols from subsurface drill cut tings of the
ex ist ing hy dro car bon ex plo ra tion wells. These change the
sug gested ages of some subsurface in ter vals con sid er ably
(e.g., ex pand ing the amount of known Albian–Ceno man -
ian subsurface strata) .  In ad di  t ion,  Mus tard and
MacEachern (2007) con ducted a sedimentological and
ichnological de scrip tion and in ter pre ta tion of the ex ist ing
cored in ter vals from the ar chived wellcores. Most ex tant
core from these wells rep re sents ei ther shal low ma rine or
nonmarine en vi ron ments of de po si tion, in clud ing those
from Cre ta ceous strata. No deep ma rine fa cies were cored,
al though sig nif i cant thick nesses of ma rine turbidites (pre -
sum ably sub–wave-base depths) are in ter preted to be
present, based on geophysical well log profiles (Riddell et
al., 2007).

At the south ern end of the Nechako Ba sin, Lower Cre ta -
ceous Jack ass Moun tain Group (JMG) strata are un con -
form ably over lain by Ce no zoic vol ca nic rocks (Fig ure 2).
The Cre ta ceous strata are gen er ally clas si fied as part of the
Methow Ba sin, but are clearly the sur face ex pres sions of
strata that con tinue north ward into the subsurface be neath
the Ce no zoic rocks that form most of the ex posed strata of
the Nechako Ba sin (Hickson et al., 1994; Mahoney et al.,
pers. comm.). The JMG and as so ci ated strata in clude thick
(>1000 m), lat er ally ex ten sive (>10 km) sand stone suc ces -
sions that over lie and interfinger with mudstone. Pre vi ous
stud ies have in ter preted them as the de pos its of large sub -
ma rine fan deposystems (Kleinspehn, 1982, 1985), al -
though Schiarizza et al. (1997) iden ti fied some ar eas of
nonmarine strata, which they considered to be part of the
JMG.

The au thors’ em pha sis on the Jack ass Moun tain Group re -
flects the hy poth e sis that this unit is prob a bly the best can -
di date for ma jor res er voir sys tems in the subsurface of the
Nechako Ba sin. It is sug gested that JMG strata rep re sent
the clos est sur face an a logue and the most likely di rect cor -
re la tive to the ‘Skeena as sem blage’ of the subsurface,
which has been in ter preted by Hannigan et al. (1994, p.
140) to con tain “the most sig nif i cant pe tro leum plays in this 
as sess ment”. This con fu sion re gard ing strati graphic no -
men cla ture also high lights the con fu sion of ‘ba sin’ names
tra di tion ally as signed to dif fer ent strati graphic suc ces sions
in the re gion. The au thors sug gest that the sep a ra tion of
strati graphic suc ces sions of sim i lar age and type into sep a -
rate ‘Nechako,’ ‘Methow,’ and pos si bly ‘Tyaughton’ bas ins 
likely re flects the his tory of dif fer ent re search ers study ing
the same rocks in dif fer ent ar eas, rather than dis crete
depositional bas ins. These stud ies will test the hy poth e sis
that the Nechako, Methow and per haps the Tyaughton ‘bas -
ins’ con sti tuted one ex ten sive and con tin u ous re gional area
of de po si tion dur ing at least Early Cre ta ceous time (a ba sin
that may have been linked with Early Cre ta ceous de po si -
tion of the south ern Skeena ‘Ba sin’ as well, al though the

cur rent stud ies will not di rectly test this hy poth e sis). If
these in di vid ual ‘bas ins’ were orig i nally lat er ally con tin u -
ous and thus rep re sent a sin gle Early Cre ta ceous
depocentre, there would be ma jor im pli ca tions for the hy -
dro car bon po ten tial of the Nechako ‘Ba sin’, greatly in -
creas ing both the vol ume of potential reservoir rocks and
potential source rocks, such as the extensive black shale of
the Ladner Group in the Methow Terrane (Ray, 1990).

A brief re gional re con nais sance study in 2006 iden ti fied
two ma jor ar eas of well-ex posed JMG suit able for de tailed
strati graphic and sedimentological stud ies (Mus tard and
Mahoney, 2007). These de tailed stud ies com menced in
sum mer 2007, and form the ba sis for two M.Sc. re search
pro jects (Goodin and MacLaurin). Field work will con tinue 
in 2008 on both of these stud ies and sev eral re gional stud ies 
on Cre ta ceous strata in the area, in clud ing the Nechako
Basin.

Summer 2007 Field Research

Jackass Mountain Group in the Camelsfoot
Range Area

Dur ing sum mer 2007, Goodin con ducted a de tailed ex am i -
na tion of sec tions of the JMG in the Camelsfoot Range
(Fig ure 2, lo cal ity A; Fig ure 3). The JMG is well ex posed
on sev eral ridges in this area and is vol u met ri cally the most
sig nif i cant geo log i cal unit in the cen tral and east ern
Camelsfoot Range (Hickson et al., 1994; Schiarizza et al.,
1997; Mahoney et al., pers. comm.). The study area ex tends 
north west along the Yalakom fault from the con flu ence of
the Fra ser and Bridge rivers, to the geo graphic junc tion be -
tween Nine Mile Ridge and the Yalakom River (Fig ure 3).
The north ern bound ary is de lin eated by the north east-
trending Nine Mile Ridge. The study area is fo cused on the
cen tral part of an ap prox i mately 150 km long, south ward-
ta per ing wedge of mainly me dium- to coarse-grained sand -
stone and polymictic con glom er ate ex posed be tween the
Yalakom and Fra ser fault sys tems. It is part of a broad,
asym met ric synclinorium with the base of the JMG ex -
posed in steeply dip ping beds on the west ern limb east of
the Yalakom River, and the up per part exposed in
moderately west-dipping beds in the eastern limb.

Within this study area, five de tailed strati graphic sec tions
were mea sured (Fig ure 3). Forty-five lithological, 10 de tri -
tal zir con, 12 mudstone geo chem is try, 11 microfossil and 3
macrofossil sam ples were col lected, most from the strati -
graphic sec tions. Sec tion thick nesses in clude ap prox i -
mately 1500 m on Yalakom Moun tain (A on Fig ure 3),
130 m on east ern Nine Mile Ridge (B on Fig ure 3), 130 m
on west ern Nine Mile Ridge (C on Fig ure 3), 125 m on
Madson Creek (D on Fig ure 3), and 70 m on a low-ly ing
ridge in the cen tral study area (E on Fig ure 3). Sev eral ad di -
tional tra verses were con ducted to col lect gen eral
lithological, structural and fossil information.
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At and near Yalakom Moun tain
(A on Fig ure 3), north west-
trending JMG strata dip steeply
and are slightly over turned to -
wards the north in some ar eas.
Jack ass Moun tain Group units in
this area over lie Mid dle Ju ras sic
rocks  of  the  Ladner  Group
(Mahoney, 1993; Schiarizza et
al., 1997). These basal JMG
rocks are dom i nated by mas sive,
g reen ,  me  d ium-  to  coarse-
grained, lithic-rich feldspathic
sand  s tone and  in te rbedded
siltstone. These form a >1500 m
thick unit on Yalakom Moun tain
(Fig ure 3) that is cor re la tive with
the vol ca nic sand stone unit de -
scribed by Schiarizza et al.
(1997). Jack ass Moun tain Group
strata con tain ing fos sils of prob a -
ble Barremian age are pres ent about 200 m be low the base
of this sec tion, but above the basal un con formity with the
un der ly ing Lower to Mid dle Ju ras sic Dewdney Creek For -
ma tion (GSC Lo cal ity Num ber 74815; un pub lished data
pro vided by Poulton et al., 1994 included in Schiarizza et
al., 1997). New fos sil col lec tions from the up per part of the
strati graphic sec tion north of Yalakom Moun tain are of
Albian age (Brewericeras hulenense zone). Thus, the full
strati graphic sec tion of the JMG in the Yalakom Moun tain
area appears to range in age from Barremian to Albian.

The Madson Creek sec tion (D on Fig ure 3) in cludes the
best ex po sures of the most readily iden ti fi able unit within
the JMG of the Camelsfoot Range (Fig ure 3). These
striped, dark grey and pale ol ive ‘ze bra beds’, com posed of
rip pled and synsedimentary folded, silt-sized and fine- to
me dium-grained sand stone units, re spec tively, form a
125 m thick suc ces sion bounded above and be low by mas -
sive, me dium- to coarse-grained, green lithic-rich
feldspathic sand stone (Fig ure 4, with leg end as Fig ure 5).
Al though the thick est ob served out crop of this lithofacies is 
in the Madson Creek area, the ze bra beds are pres ent
through out the cen tral part of the study area, are con sid ered
to be lat er ally con tin u ous for many kilo metres, and form
part of a sed i men tary unit at least sev eral hun dreds of
metres thick. These beds dom i nate the strati graphic suc ces -
sion to the north east of Hogback Moun tain; how ever, fur -
ther west, al though still pres ent, the beds seem to be in tran -
si tion to, and be come interbedded with, more mas sive and
thicker sand stone beds. This sug gests an interfingering re -
l a  t i o n  s h i p  b e  t w e e n  t h e  z e  b r a  b e d s  a n d  t h i c k
lithofeldspathic sand stone beds sim i lar to those of the
Yalakom Moun tain area. While no fos sils have yet been
iden ti fied from the ze bra beds, strata struc tur ally un der ly -

ing these beds in the Madson Creek area con tain the
belemnoid fos sil Acroteuthis, suggesting a pre-Albian
Cretaceous age.

Rocks on Nine Mile Ridge (B and C on Fig ure 3) com prise
a unit sev eral kilo metres thick of re peated suc ces sions of
<40 m thick bed sets con sist ing of abun dant trough
crossbeds of mod er ately- to well-sorted, me dium-grained
sand stone and rare peb bly sand stone at the base of some
sets. These are sep a rated by sec tions of poorly ex posed
siltstone, mudstone and lesser fine-grained sand stone units
that are tens to hun dreds of metres thick. In a few places, the 
finer pack ages in clude fine-grained, sand stone thin beds
that are reg u lar and rhyth mi cally re peated, and dark grey
mudstone interbeds that gradationally coarsen up to one of
the crossbedded sand stone bed sets de scribed above. The
re peated more than 100 m thick suc ces sions of decimetre-
thick trough cross-strat i fied sand stone sep a rated by
siltstone-rich in ter vals sug gest ac cu mu la tion in a flu vial
en vi ron ment, with river sys tems build ing across and into
floodplains that may have in cluded lac us trine ar eas (with
rhyth mi cally de pos ited fresh-wa ter turbidites) and small,
fresh-water deltaic successions.

The JMG strata in the Camelsfoot Range can be sub di vided
into three ma jor fa cies as so ci a tions, which roughly cor re -
spond to south ern, cen tral and north ern geo graphic ar eas,
as de scribed above. In the south, di rectly north east of the
Yalakom fault, the thick suc ces sion in cludes mas sive sand -
stone units that were de pos ited as sed i ment grav ity flows
(mostly turbidites) in a sub–wave-base, ma rine en vi ron -
ment. These cor re spond to the sub ma rine fan de pos its that
Kleinspehn (1982, 1985) in ter preted to be the dom i nant
depositional en vi ron ment for the en tire JMG. In the cen tral
por tion of the study area, the interbedded turbiditic sand -
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stone and siltstone com pris ing the ze bra beds of the
Madson Creek area were most likely de pos ited near or
within the mi grat ing lobes of an ac tive sub ma rine fan sys -
tem. Com mon wave re work ing of the up per parts of many
turbidites, how ever, in di cates that depth was typ i cally
above the storm wave base, sug gest ing a rel a tively shal low
shelf en vi ron ment, pos si bly tran si tional to a mar ginal ma -
rine shore line re gime. It is con sid ered likely that these shal -
low shelf turbidites com prise dis tal (e.g., prodeltaic units)
de pos its of river-dom i nated delta or fan delta sys tems,
rather than as parts of deeper wa ter sub ma rine fan sys tems.
The fa cies ex posed on Nine Mile Ridge are in dic a tive of
nonmarine flu vial, floodplain and pos si ble lac us trine en vi -
ron ments. Un for tu nately, poor ex po sure in the val leys near
Nine Mile Ridge means that it is not possible to trace this
nonmarine unit directly into the marine facies of the rest of
the JMG in this region.

As sum ing that the JMG study area in the Camelsfoot Range 
is all part of the same struc tural block (Mahoney et al., pers.
comm.), these three ma jor fa cies as so ci a tions likely rep re -
sent both lat eral and ver ti cal changes in ba sin depositional
pat terns over time. The south ern sub ma rine fan sand stone
may rep re sent the base of a rel a tive ma rine re gres sion,
whereas the cen tral fa cies of shal low ma rine turbidites may
re flect ei ther pro gres sive shallowing of the ba sin over time
or a time-equiv a lent, but more prox i mal, ma rine fa cies in
the north ern part of the study area. The Nine Mile Ridge
nonmarine suc ces sion rep re sents ei ther a more prox i mal
part of the ba sin or a pro gres sive shallowing of JMG de po -
si tion over time. The cur rent lack of age con trol on the
nonmarine unit and pos si bil ity of struc tural sep a ra tion
from the other fa cies makes either interpretation feasible at
this stage of the study.

Jackass Mountain Group in the Nemaia
Mountain Area

MacLaurin be gan a sim i lar de tailed strati graphic study of
JMG and re lated strata in the Chilko Lake–Nemaia Val ley
area (lo cal ity B on Fig ure 2), a study that will con tinue dur -
ing the sum mer of 2008. The JMG and other Cre ta ceous
and Ju ras sic sed i men tary suc ces sions are well ex posed in
this area, es pe cially on Nemaia Moun tain and sur round ing
ridges (Fig ure 2; Schiarizza et al., 2002). These strata are
ex posed im me di ately south west of the Yalakom fault and
tra di tion ally are con sid ered part of the Tyaughton Ba sin,
which Garver (1992) de scribed as a dis crete sub-ba sin from 
the Methow Ba sin, with dif fer ent sed i men ta tion pat terns
and source ar eas. Res to ra tion of ~115 km of dextral off set
on the Yalakom fault (as sug gested in Schiarizza et al.,
1997), how ever, re stores the JMG of the Camelsfoot Range
di rectly ad ja cent to the Chilko Lake–Nemaia exposures,
suggesting original depositional continuity.

The JMG and un der ly ing Ju ras sic strata in this area are well
ex posed in a north east-plung ing syncline whose axis runs
be neath and par al lel to Tsuniah Lake (Fig ure 2; Schiarizza
et al., 2002). Re con nais sance tra verses of the area re vealed
dom i nantly undeformed JMG strata un con form ably over -
ly ing the Ju ras sic Nemaia For ma tion in most ar eas. In other
lo cal i ties, JMG strata un con form ably over lie the Ju ras sic
Re lay Moun tain Group. Based on this re con nais sance
work, five lo cal i ties were iden ti fied as suit able for mea sur -
ing de tailed strati graphic sec tions. These com prise two
well-ex posed ridges on the north ern limb, two on the south -
ern limb and one on the furthest southwest portion of the
syncline.

Dur ing the sum mer of 2007, work on four of the strati -
graphic sec tions was ini ti ated, com pris ing the four sec tions
on the north ern and south ern syncline limbs. One 2.2 km
thick mea sured sec tion on the north east ern side of the
syncline doc u ments a 1.9 km thick JMG suc ces sion of pre -
dom i nantly well-sorted sand stone with mi nor mudstone in -
ter vals (Fig ure 6, with leg end as Fig ure 5). Above the
JMG–Nemaia For ma tion con tact in this sec tion, a mas sive
sand stone unit con tain ing rare swaley cross-strat i fi ca tion
and con glom er atic lenses fines up wards into a sandy
siltstone. A 100 m thick mudstone suc ces sion, con tain ing
wave- and com bined-flow rip ple lam i na tion, sandy
interbeds and abun dant fos sil and or ganic ma te rial, over lies 
this sandy unit and coars ens up ward into an in ter val of ex -
ten sive, well-sorted sand stone bod ies that dis play abun dant 
very low an gle cross-strat i fi ca tion and (in some lo cal i ties)
dis tinct trough- and hummocky cross-strat i fi ca tion. This
unit is over lain by mas sive to pla nar strat i fied sand bod ies
and interbedded mudstone. The lower 800 m of a 1.2 km
thick sec tion on which mea sure ment is in prog ress on the
north west side of the syncline exhibits similar stratigraphy
with minor changes in unit thickness.

The up per 800 m of an 1.4 km thick strati graphic sec tion on
which mea sure ment is in prog ress on the south east limb of
the syncline is dis tinctly finer grained, with a higher per -
cent age of mudstone in the mid dle sand stone unit, but is
capped by an anom a lous con glom er atic fa cies. Well-sorted
sand stone dom i nates this unit, dis play ing abun dant low-
an gle cross-strat i fi ca tion and soft-sed i ment de for ma tion.
The basal 200 m is com posed dom i nantly of silty mudstone
with mi nor fine-grained sand stone. The age of these basal
JMG strata is poorly con strained, but the un der ly ing
Nemaia For ma tion strata con tain ammonites of Bathonian
age (Iniskinites sp.), whereas the up per part of this unit con -
tains ammonites that ap pear to be re fer able to Hauterivian
forms. The up per 200 m of the fourth sec tion, lo cated on the 
south west limb of the syncline, is com posed of well sorted,
mas sively bed ded sand in ter ca lated with finer-grained in -
ter vals. This sec tion is ten ta tively cor re lated to the up per
por tion of the mea sured sec tion on the north east limb of the
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typ i cal sheet-like sand stone-mudstone cou plets; d) closer view of sand stone-mudstone cou plets where a de tailed sec tion from 47
to 48.9 m was mea sured; e) close-up view of two sand stone beds dis play ing aggradational cur rent rip ple forms, some pos si ble re -
work ing of up per rip ples and trace fos sils at the sand-mud in ter face and above.



syncline and contains probable Albian-aged fossils in its
uppermost part.

Ex ten sive sam pling of rock types keyed to strati graphic po -
si tion will fa cil i tate de tailed pet ro log i cal, or ganic mat u ra -
tion and po ros ity and per me abil ity anal y ses. Ap prox i -
mately 70 rock sam ples, dis trib uted be tween the four
mea sured sec tions, were col lected for pet ro log i cal anal y -
ses. Ten de tri tal zir con sand stone sam ples and 17 mudstone
geo chem i cal sam ples were col lected for iso to pic prov e -
nance stud ies. One ther mal mat u ra tion sam ple of a car bon -
ized wood frag ment found in the south east ern sec tion and
one total organic carbon mudstone sample were also taken.

Sev eral new fos sil lo ca tions were iden ti fied in this area. A
dis tinc tive 100 m thick, dark grey mudstone unit pres ent in
both mea sured sec tions on the north ern limb yielded com -
mon fos sil spec i mens, in clud ing ammonites, gas tro pods
and bi valves of prob a ble Hauterivian age. The con glom er -
atic unit be neath the mudstone unit also yielded bi valves
and a few ammonite and gas tro pod fos sils, presently under
study.

Pri mary ob ser va tions in di cate that cor re la tions be tween
these four sec tions can be un der taken, and pre lim i nary in -
ter pre ta tions sug gest an over all deep en ing of the ba sin over 
time from a shal low ma rine en vi ron ment to an outer shelf or 
slope en vi ron ment. The north ern limb of the syncline is in -
ter preted to be a storm-dom i nated lower to up per shoreface
en vi ron ment with in ter mit tent, but mod er ate, deltaic in flu -

ence. The south ern limb shows sig nif i cant dis sim i lar i ties to 
the north ern limb, in clud ing a dis tinctly finer-grained basal
unit. A very pre lim i nary study of the sec tion sug gests it rep -
re sents a shal low ma rine depositional en vi ron ment that un -
der went trans gres sion from lower shoreface to outer shelf
con di tions. The conglomeratic facies may be associated
with a deltaic influence.

Regional Studies

In ad di tion to the fo cused grad u ate stu dent stud ies sum ma -
rized above, sev eral re gional sam pling pro grams were ini ti -
ated. Sam pling of Lower Cre ta ceous strata in the ar eas be -
tween the Camelsfoot Range and Chilko Lake re gion was
ini ti ated to com pare the de tri tal zir con and other geo chem i -
cal char ac ter is tics of these strata to those of the main study
ar eas, and to test sug ges tions made in pre vi ous stud ies that
Methow and Tyaughton bas ins were dis tinct sub-bas ins
dur ing Early Cretaceous time (e.g., Garver, 1992).

South of the synclinorium in the Nemaia Moun tain area,
across a se ries of high-an gle faults, strata of prob a ble
Albian age are ex posed on the north ern flanks of Mt.
Tatlow (C on Fig ure 2). This unit con sists of black silty
mudstone, lithic sand stone and chert-peb ble con glom er ate, 
which un con form ably over lies the Up per Ju ras sic Re lay
Moun tain Group. These rocks have been as signed to the
Beece Creek suc ces sion of the mid-Cre ta ceous Tay lor
Creek Group in sev eral pre vi ous stud ies and pub lished geo -
log i cal maps (e.g., Schiarizza and Rid dell, 1997;
Schiarizza et al., 2002). Pre lim i nary strati graphic anal y sis
in di cates these strata con form ably over lie both the mid dle
to late Albian Dash and Liz ard for ma tions of the Tay lor
Creek Group, and that these strata may be di rectly cor re la -
tive to part of the Jack ass Moun tain Group on Nemaia
Moun tain. If this in ter pre ta tion is cor rect, this cor re la tion
would pro vide the ear li est de fin i tive tie be tween the
Methow and Tyaughton bas ins, and would sub stan tially in -
crease the ex tent of the re gional Early Cre ta ceous
depocentre. The well-ex posed strati graphic sec tion on the
north ern flanks of Mt. Tatlow will be ex am ined in de tail as
part of a fourth year B.Sc. pro ject (M. Forgette of Uni ver -
sity of Wis con sin–Eau Claire, one of the stu dent as sis tants
of the 2007 sea son). The sec tion has been mea sured in de -
tail and ex ten sively sam pled for thin sec tion pe trog ra phy,
shale geochemistry, detrital zircon analysis, palynological
and microfaunal studies and total organic carbon.

Summary and Regional Implications

The 2007 field sea son fo cused on de tailed field in ves ti ga -
tions, mea sure ment of strati graphic sec tions and sam ple
col lec tion as part of two stud ies of well-ex posed Jack ass
Moun tain Group strata. In ad di tion, some ini tial sam pling
was con ducted for more re gional stud ies of Early Cre ta -
ceous units in ad ja cent ar eas. Much of the fi nal in ter pre ta -
tion from these stud ies will fol low fur ther field work in
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Fig ure 6. a) Sim pli fied strati graphic sec tion through JMG from ridge north of Tsuniah Lake (com mon leg end in Fig ure 5); b) fine-
grained lam i nated sand stone dis play ing ir reg u lar wispy lam i na tion and cross-lam i nated rip ple forms, typ i cal of the lower sand-rich
unit; c) fine- to me dium-grained sand stone beds (most are nor mally graded) with mudstone cap ping or be tween beds, prob a bly con -
sti tut ing turbidites, al though this unit also con tains some shal low-wa ter fea tures; d) light and dark sand stone (mostly fine to me dium
grained) with rare peb bly lay ers in ero sive-based troughs (cen tral) and top bed, high-an gle dis con ti nu ities are prob a bly chan nel
bases; e) me dium-grained sand stone dis play ing high-an gle cross-strat i fi ca tion typ i cal of this up per sand stone unit (both swaley
and trough cross-strat i fi ca tion oc cur in this unit).



2008 and ex ten sive pro cess ing of geo chem i cal sam ples,
ex am i na tion of thin sec tions from rock sam ples and anal y -
sis of new macrofossil col lec tions. As well, ex ten sive col -
lec tions of mudstone sam ples pro cessed for microfossils
(palynology and foraminifers) will hope fully pro vide ad di -
tional age con straints. Some preliminary implications are,
however, apparent.

The pres ence in the Jack ass Moun tain Group of ex ten sive
and ex tremely thick fa cies in ter vals in ter preted to rep re sent 
shal low ma rine and nonmarine en vi ron ments was sur pris -
ing, given that the main pre vi ous study of the JMG in ter -
preted it to be dom i nated by sub ma rine fan de po si tion in
re l  a  t ive ly  deep  (sub–wave-base)  en  v i  ron  ments
(Kleinspehn, 1982, 1985; al though Schiarizza et al., 1997
did rec og nize some nonmarine com po nents within the
JMG in their re gional syn the sis). In the Camelsfoot Range,
sub–wave-base sub ma rine fan fa cies are pres ent as a thick
suc ces sion im me di ately north east of the Yalakom fault.
The JMG in large ar eas of the north ern Camelsfoot Range,
how ever, com prises nonmarine flu vial and pos si bly lac us -
trine suc ces sions. In ad di tion, the cen tral Camelsfoot
Range con tains ex ten sive ex po sures of sand stone-
mudstone turbidites, but with com mon re work ing of the
tops of these turbidites by wave pro cesses, in di cat ing a rel -
a tively shal low ma rine en vi ron ment of de po si tion. The pre -
cise age of the nonmarine fa cies is pres ently un known, but
de tri tal zir con sam ples from flu vial sand stone in this fa cies
will at least pro vide a max i mum age, and palynology sam -
ples will hope fully pro vide more spe cific age con straints
and other biostratigraphic in for ma tion. The im pli ca tion is
that a con tin u ous, nonmarine to ma rine suc ces sion is pre -
served in this area, which pos si bly spans Barremian to
Albian–Cenomanian time. The pres ence of thick and mod -
er ately well-sorted, cross-strat i fied flu vial sand stone pack -
ages in the north ern Camelsfoot Range pro vides a new po -
ten tial hy dro car bon res er voir sys tem, which may have had
better orig i nal porosity and permeability characteristics
than the less well-sorted massive sandstone turbidites
common to the southern Camelsfoot Range.

De tailed work in the Nemaia Moun tain study area also sug -
gests that much, if not most, of the JMG in this area lacks
sub ma rine fan turbidites. Thick suc ces sions of ma rine
sand stone with swaley and, lo cally, hummocky and trough
cross-strat i fi ca tion in di cate shal low and rel a tively high-en -
ergy nearshore en vi ron ments of de po si tion, as do as so ci -
ated heterolithic sand stone-mudstone pack ages con tain ing
wave and com bined-flow rip ple types. These shal low ma -
rine in ter vals ap pear to be more com mon in the north ern
and lower parts of the JMG suc ces sion in this area and
change up ward and south ward to mas sive sand stone beds
and interbedded mudstone suc ces sions that are more typ i -
cal of deeper ma rine sub ma rine fan sys tems, al though the
ex tent and thick ness of these fa cies do not ap pear to be
great. The pres ence of very thick suc ces sions of shal low

ma rine (shoreface or delta front) fa cies, which in clude ex -
ten sive decimetre thick in ter vals of well-sorted sand stone,
is an im por tant new dis cov ery. If these strata con tinue in the 
subsurface to the north, they may represent high priority
targets to test as a hydrocarbon reservoir system.

The pres ence of sig nif i cant thick nesses of shal low ma rine
and ter res trial units within the JMG also in creases sup port
for cor re la tion of this unit with sim i lar subsurface Lower
Cre ta ceous strata of the Nechako Ba sin. Shal low ma rine
sand stone, in par tic u lar, is likely to serve as well-sorted and
lat er ally ex ten sive units with suf fi cient po ros ity and per me -
abil ity to act as high-vol ume res er voir units for sig nif i cant
hy dro car bon ac cu mu la tion. As well, this cor re la tion
greatly ex pands the ex tent of po ten tial source rocks for the
subsurface strata. Mud-rich source rocks of the Tyaughton
and Methow bas ins in clude the ex ten sive Ladner Group
and Re lay Moun tain Group units. Both of these ex ten sive
units are cur rent ob jects of study for source-rock po ten tial,
both as part of this pro ject and the ongoing projects
described in Ferri and Riddell (2006).
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Introduction

In re sponse to the rapid spread and de struc tive ef fects of the 
moun tain pine bee tle (MPB), Brit ish Co lum bia is fac ing a
chal lenge in de vel op ing eco nomic di ver si fi ca tion op por tu -
ni ties for for estry-based com mu ni ties in the in te rior of the
prov ince. Geoscience BC is un der tak ing a num ber of pro -
jects that will help to as sess the min eral and pe tro leum po -
ten tial in the MPB-af fected area. Al though only lim ited ex -
plo ra t ion has been car r ied out ,  the po ten t ial  for
hy dro car bons has been ob served within sev eral in te rior
bas ins of Brit ish Co lum bia, in clud ing the Nechako Ba sin.
A 1994 es ti mate by the Geo log i cal Sur vey of Can ada, based 
on very lim ited in for ma tion, sug gested that the Nechako
Ba sin may con tain as much as a tril lion cu bic metres of gas
and a bil lion cu bic metres of oil, al though these estimates
are qualified as being very speculative (Hannigan et al.,
1994).

Re cent ex am i na tions of 20-year-old magnetotelluric (MT)
data col lected from within the Nechako Ba sin have shown
that the method can be use ful in un der stand ing the shal low
struc ture of the subsurface be neath the ba sin and that ad di -
tional MT data ac qui si tion, us ing mod ern high-fre quency
and broad band in stru men ta tion, may be an im por tant tool
in map ping the bound aries of the ba sin and the struc tures
within it. This in for ma tion will con trib ute to de vel op ing a
better un der stand ing of the po ten tial for hy dro car bon re -
sources in the re gion (Spratt et al., 2006). In the fall of 2007, 
a field cam paign was de signed to re cord more than 800
high-fre quency and broad band MT sites from within the
Nechako Ba sin. The pri mary ob jec tive of the sur vey is to

eval u ate the tech nique as a tool both for oil and gas ex plo ra -
tion and for geological characterization of the Nechako
Basin.

Geological and Geophysical Background

Geology of the Nechako Basin

The Me so zoic Nechako Ba sin, lo cated in the Intermontane
Belt of the Ca na dian Cor dil lera, is a ba sin that in cludes
over lap ping sed i men tary se quences de pos ited in re sponse
to terrane amal gam ation to the west ern edge of an ces tral
North Amer ica (Mon ger et al., 1972; Mon ger and Price,
1979; Mon ger et al., 1982; Gabrielse and Yorath, 1991).
Re gional transcurrent fault ing and as so ci ated east-west ex -
ten sion, be gin ning in the Late Cre ta ceous, were ac com pa -
nied by the ex tru sion of ba saltic lava dur ing the Eocene and
Mio cene to form a sheet that cov ers much of the ba sin at
thick nesses vary ing be tween 5 and 200 m (Mathews, 1989;
An drews and Rus sell, 2007), and pos si bly as much as 1 km
in iso lated lo ca tions. The main geo log i cal el e ments in the
south ern Nechako area in clude Mio cene ba salt, Ter tiary
vol ca nic and sed i men tary rocks, Cretaceous sedimentary
rocks and Jurassic sedimentary rocks (Figure 1).

Geophysical Studies

Re sults and in ter pre ta tions of magnetotelluric (MT) sur -
veys are of ten both com ple mented and con strained by geo -
log i cal in for ma tion and mod els ob tained from other types
of geo phys i cal sur veys. Sev eral dif fer ent stud ies have been
car ried out within the Nechako Ba sin in the past, and sev -
eral more are be ing planned for the near fu ture. Ex ist ing
mod els or data will be used to re solve the MT in ver sion
mod els, pro vid ing the most ac cu rate in ter pre ta tion for the
elec tri cal resistivity structure in the subsurface.

In the early 1980s, a re gional grav ity sur vey was car ried out 
by Ca na dian Hunter that iden ti fied a grav ity low in the
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south ern Nechako Ba sin. In early 2000s, Bemex Con sult -
ing In ter na tional con firmed this anom aly with ground
grav ity and mag netic data col lected in the south ern tip of
the ba sin (Fig ure 2). In ad di tion to these re gional sur veys,
sev eral bore holes were drilled through out the south ern por -
tion of the ba sin be tween 1960 and 1986 (Fig ure 1), pro vid -
ing de tailed geo log i cal in for ma tion as well as a va ri ety of
bore hole logs that in cluded nat u ral gamma-ray spec tros -
copy, neu tron po ros ity and re sis tiv ity. Due to ab sorp tion
and re flec tion ef fects, the pres ence of the sur face ba saltic
flows and Ter tiary vol ca nic rocks cov er ing most of the re -
gion has, to date, pre vented uni form and con sis tent
seismic-energy penetration and complicated the magnetic
interpretations.

More than 100 rock sam ples have been sent to the Geo log i -
cal Sur vey of Can ada’s petrophysical lab o ra tory in Ot tawa
for mea sure ment of the resistivities and po ros i ties of key
lithological units in the Nechako Ba sin. The in tent of this

anal y sis is to pro vide in for ma tion on the pri mary elec tri cal
con duc tion mech a nisms and level of elec tri cal ani so tropy
of the dif fer ent units. These, along with the resistivities
from ex ist ing well logs, will place con straints on the con -
duc tiv ity mod els gen er ated and make it pos si ble to ac count
for dis tor tion due to anisotropy and static shift effects.

Fi nally, new seis mic in for ma tion will soon be avail able.
Seven long-term teleseismic sta tions have re cently been
de ployed within the Nechako Ba sin as part of a joint pro ject 
in volv ing the Geo log i cal Sur vey of Can ada–Pa cific
(GSC), the BC Min is try of Mines, En ergy and Pe tro leum
Re sources, and the Uni ver sity of Man i toba. In ad di tion,
Geoscience BC is acquiring Vibroseis® data and the GSC is
plan ning to ac quire ex plo sive-source seis mic re flec tion
data in 2007–2008. These pro jects have been de signed to
ac count for the sur face vol ca nic lay ers and will be an in -
sight ful ad di tion to the magnetotelluric interpretations.
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Fig ure 1. Lo ca tion and ge ol ogy of the Nechako Ba sin, show ing the lo ca tions of the bore holes, old MT sites and the newly ac quired MT
sites. The blue out line on the lo ca tion map in the up per left shows the out line and ex tent of the Nechako Ba sin. The blue line la belled ‘Pro -
file 1’ is the sur face trace of the two-di men sional model shown in Fig ure 3.



Magnetotelluric Method and Previous Studies

The magnetotelluric (MT) method pro vides in for ma tion on 
the elec tri cal con duc tiv ity of the subsurface of the Earth by
mea sur ing the nat u ral time-vary ing elec tric (E) and mag -
netic (H) fields at its sur face (Cagniard, 1953; Wait, 1962;
Jones, 1992). The mea sure ment of these mu tu ally per pen -
dic u lar elec tric and mag netic fields al lows the cal cu la tion
of phase lags and ap par ent resistivities at var i ous fre quen -
cies, known as MT re sponse curves, for each MT site re -
corded. Since the depth of pen e tra tion (or skin depth) of
these fields is de pend ent on fre quency (lower fre quen cies
pen e trate deeper) and the con duc tiv ity of the ma te rial (the
lower the con duc tiv ity, the greater the depth), es ti mates of
depth can be made from the re sponse curves beneath each
site (Kearey and Brooks, 1991).

As magnetotelluric (MT) data are sen si tive to changes in
the re sis tiv ity of ma te ri als, the method can dis tin guish be -
tween some lithological units. For ex am ple, ba salt and ig -
ne ous base ment rocks typ i cally have elec tri cal re sis tiv ity
val ues of >1000 ohm-m, whereas sed i men tary rocks are
more con duc tive, with val ues of 1–1000 ohm-m. Aside
from li thol ogy, other fac tors are known to af fect the over all
con duc tiv ity of a spe cific unit in the crust. The pres ence of
sa line flu ids, changes in po ros ity, and the pres ence of
graph ite films and in ter con nected me tal lic ores are all fac -
tors that can sub stan tially in crease the con duc tiv i ties of
rocks (Haak and Hutton, 1986; Jones, 1992). As the method 
is sen si tive to, but not im peded by, the sur face vol ca nic
rocks and can de tect vari a tions within the dif fer ent units, it
should prove use ful in lo cat ing the boundaries of the
Nechako Basin and defining the structure within.
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Fig ure 2. Lo ca tions of the MT pro files (thick or ange lines) along which data is ex pected to be col lected by the end of No vem ber 2007. The
blue ex cla ma tion points show the lo ca tions of the sites col lected to date, and the light blue line marks the out line of the ob served grav ity low.
The light blue cir cles show bore hole names and lo ca tions.



In the early 1980s, the Uni ver sity of Al berta re corded MT
data across the Nechako Ba sin be tween 52° and 53°N us ing 
short-pe riod au to matic MT sys tem (SPAM) in stru ments
that re corded data in the fre quency range 0.016–130 Hz
(Fig ure 1; Majorowicz and Gough, 1991). Ini tial anal y sis
of these data re vealed an an oma lously con duc tive up per
crust (10–300 ohm-m) in the east ern half of the north east-
south west pro file that was at trib uted to the pres ence of sa -
line wa ter in pore spaces and frac tures. The west ern half of
the pro file showed the pres ence of an east ward-dip ping re -
sis tive fea ture. The re sis tive body has been in ter preted to
rep re sent granodiorite or other crys tal line rocks of the
Coast Belt that ex tend be neath a thin layer of ba salt (Gough
and Majorowicz, 1992; Majorowicz and Gough, 1994;
Jones and Gough, 1995; Ledo and Jones, 2001).

Mod ern pro cess ing soft ware and tech niques, as well as
mod el ling and in ter pre ta tion pack ages, were ap plied to
these orig i nal MT sites (Spratt et al., 2006). The new anal y -
sis in cluded de tailed strike anal y sis, dis tor tion de com po si -
tion and two-di men sional mod el ling in ver sions. Us ing
these ad vanced meth ods, it was shown that the MT data
were ca pa ble of pen e trat ing the Ce no zoic vol ca nic rocks
and im ag ing the shal low features of the Nechako Basin
(Figure 3).

Magnetotelluric Data Acquisition

Design of the Survey

Bore hole re sis tiv ity mea sure ments were an a lyzed to as sess
the fre quency range, ex pected res o lu tion and site spac ing
that would be most ap pro pri ate for de fin ing the struc ture of
the Nechako Ba sin and for oil and gas ex plo ra tion. Syn -

thetic MT re sponse curves were cal cu lated from ex ist ing
bore hole re sis tiv ity mea sure ments for three dif fer ent fre -
quency bands: broad band (BBMT, 10 000–0.01 Hz),
magnetotelluric (MT, 380–0.01 Hz) and audiomagneto -
telluric (AMT, 10 000–5 Hz). One-di men sional Occam in -
ver sion mod els were then gen er ated from these syn thetic
curves for each band at each well. These 1-D mod els in di -
cate that the AMT fre quency set pro duced the best mod els
at most depths, show ing a shal low and highly re sis tive
layer. In some cases, the MT range ap pears to be nec es sary
for im ag ing slightly deeper struc ture. From these re sults, it
was de cided that the most ac cu rate ba sin struc ture could be
imaged using a combination of AMT and MT data
acquisition.

In or der to ac cu rately com pare re sults and in ter pre ta tions,
the magnetotelluric pro files were orig i nally de signed to co -
in cide as much as pos si ble with those out lined in the pro -
posed Geoscience BC Vibroseis® seis mic-re flec tion sur vey 
to be un der taken in the re gion. The MT pro files have been
al tered due to ac ces si bil ity. Fig ure 2 shows the cur rent in -
tended MT pro files in the south ern Nechako Ba sin, with the 
south ern lines run ning through a re gion of lower grav ity
anom a lies. The to tal length of the pro files is ap prox i mately
355 km. Data were ini tially col lected with a mix of day time
and night-time ac qui si tion pe ri ods by three in de pend ent
crews. The AMT data were col lected at each site for 1 hour
dur ing the day time, with a pro duc tiv ity of 6–8 sites/day per
crew. At the end of each day, suf fi cient equip ment was left
in the field to re cord AMT and MT data over night. The
over night data were sig nif i cantly better than the day time
data due to the gen er ally stron ger source field at night (Gar -
cia and Jones, 2002) and the lon ger re cord ing time. It was
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Fig ure 3. Two-di men sional con duc tiv ity model from 20-year-old MT data that were re-an a lyzed us ing mod ern tech niques. The red and blue
colours rep re sent con duc tive and re sis tive re gions, re spec tively. The white line (from Spratt et al., 2006) marks the in ter preted bound ary of
the Nechako Ba sin.



there fore de cided to switch to en tirely over night re cord -
ings. In such a scheme, the crews de ploy equip ment at 6
sites/day. Af ter com ple tion of the fall field cam paign, a to -
tal of 880 combined AMT sites and BBMT sites are
expected to be collected along these profiles.

Data Acquisition

The data are re corded us ing MTU-5A sys tems from Phoe -
nix Geo phys ics Lim ited. A stan dard site lay out is com -
posed of five elec trodes, ei ther lead-lead-chlo ride po rous
pots or steel rods, to mea sure the elec tric fields in two per -
pen dic u lar di rec tions, and three sep a rate coils to mea sure
the mag netic fields in the hor i zon tal and ver ti cal di rec tions
(Fig ure 4). Cur rently, each of three sep a rate teams in stalls 6 
sites/day and leaves them to re cord over night. Two of the
six sites are tel lu ric only, mean ing that only the two tel lu ric
or elec tric field chan nels are de ployed. Two of the sites are
five-chan nel AMT sites, mean ing that the tel lu ric and AMT 
mag netic fields are mea sured. The re main ing two sites are
five-chan nel MT sites, mean ing that the tel lu ric and MT
mag netic fields are re corded. The rel a tively tight sta tion
spac ing of 500 m and the gen er ally lay ered subsurface con -
di tions mean that the mag netic field re cord ings (AMT or
MT) at the dif fer ent sites can be used with the tel lu ric chan -
nels at all sites. The end result is that each crew is deploying
six combined AMT and MT sites per day.

To date, more than 100 sites have been col lected along the
south ern most pro files (Fig ure 2). The data qual ity in gen -
eral is very good, with com bined AMT and BBMT sites
yield ing ap par ent-re sis tiv ity and phase re sponse curves
over a span of seven pe riod de cades (i.e., or ders of mag ni -
tude; Fig ure 5a). The re sponse curves at site B24 show a re -
sis tive layer (100 ohm-m to 0.005 s) above a slightly more
con duc tive layer (~10 ohm-m); with in creas ing pe riod, the
re sponse curves sug gest the pres ence of a third bot tom
layer that is strongly two-di men sional, as in di cated by the
phase split be tween the two curves. An ap prox i mate depth
es ti mate for the bound ary be tween the sec ond and third lay -
ers, us ing the skin depth equa tion, is 890 m. Al though con -
sid er able anal y sis and depth mod el ling still need to be com -
pleted, this site shows a good in di ca tion that the method is
im ag ing the re sis tive up per vol ca nic rocks, the more con -
duc tive sediment rocks, and a more complex deeper
structure below.

Conclusions

The magnetotelluric method has proven to be use ful in im -
ag ing litho graphic struc tures of vary ing con duc tiv i ties
(e.g., dis tin guish ing sed i men tary units from vol ca nic and
crys tal line base ment rocks). A magnetotelluric sur vey has
been de signed to as sess the ca pa bil i ties of the MT method
in the ex plo ra tion for hy dro car bons in the Nechako sed i -
men tary ba sin and eval u ate the ex tent to which the struc ture 
of the ba sin can be de fined. Anal y sis of bore hole re sis tiv ity
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Fig ure 4. Plan view of a typ i cal lay out for an MT site.

Fig ure 5. Ex am ples of the ap par ent-re sis tiv ity and phase-ver sus-
pe riod re sponse curves: a) data col lected re cently at a com bined
MT-AMT over night site, and b) data qual ity at one of the 20-year-
old sites. The qual ity of the data at the newer site is very good
through seven de cades, in clud ing the AMT dead band. The blue
and red dots show the trans verse mag netic and trans verse elec tric
modes, the dif fer ence in the curves in di cat ing a dif fer ence in the
north-south di rec tion com pared to the east-west di rec tion.



data from the re gion has pro vided guide lines for data ac qui -
si tion pa ram e ters, such as the most ap pro pri ate fre quency
ranges to re cord and site spac ing. The planned sur vey con -
sists of more than 800 AMT and BBMT sites that will be
col lected from within the Nechako Ba sin. Data ac qui si tion
be gan in mid-Sep tem ber, and ini tial re sults show ex cel lent
data qual ity. It is ex pected that all data will have been col -
lected by the end of No vem ber 2007, after which detailed
analysis, modelling and interpretations will be undertaken.
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