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Geological Fieldwork 2007

The British Columbia Geological Survey (BCGS)
presents the results of 2007 geoscience surveys and studies
in this thirty-third edition of Geological Fieldwork. Most of
the articles within this volume are contributions from Sur-
vey staff who have worked extensively throughout the
province on its geology, geochemistry and mineral depos-
its. Many BCGS projects include important contributions
from researchers and contractors from other organizations.
As well, the Survey includes quality submissions in this
publication from any professional geoscientist which may
add to the province’s geoscience database.

The results of the 2007 field surveys and the provision
of new geoscience data will lead to tenure acquisition and
increased mineral exploration expenditures as it has in pre-
vious years. These activities are the first steps towards the
development of new mines, which benefit British
Columbians, particularly those living in regional
communities.

BC Geological Survey Successes

� Survey staff have made significant new mineral dis-
coveries or redefined the mineral potential during
their mapping programs in the Chezacut, Merritt,
northern Vancouver Island and Terrace areas which
should attract mineral tenure acquisition and high-
light the under-explored mineral potential of these
areas.

� More than 28 300 industry assessment reports have
now been published as PDF files to the Survey
website, improving access to this critical explora-
tion database. This is part of the Survey’s ongoing
responsibility to be the custodian for the province’s
mineral and coal geoscience data.

� Survey staff have created a Drainage Geochemical
Atlas for British Columbia which incorporates data
collected over 25 years. The Atlas presents a leveled
dataset which will be invaluable for regional studies
across the Province.

� MapPlace is used by the exploration community
around the world and continues to attract explora-
tion investment to the province. The British Colum-
bia Geological Survey geological database and
MapPlace have been ranked as a top geoscience da-
tabase globally by the Fraser Institute Survey for
2006-07.

� Mapping in the Interior Plateau shows that Quater-
nary volcanic cover rocks are thinner and less exten-
sive than previously shown on geological maps,
which encourages more exploration in the region.

� Survey staff, including those based in the Vancou-
ver and Ministry regional offices, contributed their
expertise to assist in government decisions, respond
to client inquiries in confidence, and report on in-
dustry activity in the province.

� The Survey was funded by government to start a
three year Cooperative Geological Student Map-
ping Program to train and mentor geology students
as they prepare for their careers. In 2006-07 the Sur-
vey hired more than 35 geoscience assistants and
provided training and guidance to undergraduate
and graduate research projects.

� Field trips led by Survey staff in 2007 included a
Porphyry Deposits Tour to Northwestern British
Columbia and a visit to the Myra Falls mine.

2007 BCGS Field Surveys, Database
Activities and Publications

Articles in this volume include reports on British Co-
lumbia Geological Survey programs in the Boundary dis-
trict, Chilcotin, Merritt, northern Vancouver Island, Peace
River coalfield, Quesnel, Terrace and 100 Mile House ar-
eas. Three articles highlight some of the many opportuni-
ties for economic development related to the province’s in-
dustrial minerals. New geochemical data from the Quesnel
Trough and the Drainage Geochemical Atlas are also
discussed in the volume.

The Survey has recognized the impact of the Mountain
Pine Beetle infestation in the central interior of the province
by expanding its 2006 and 2007 programs in this region.
Despite excellent mineral potential, the central interior has
been under-explored due to widespread glacial till blankets
and young volcanic cover rocks. The objective is to diver-
sify local economies by attracting mineral exploration
which could lead to the discovery of new mines. In other
parts of the province both mineral exploration and mining
contribute to local jobs and taxes and support regional
infrastructure.

Many BCGS programs involved cooperative partner-
ships with universities, other government agencies,
Geoscience BC, First Nations, communities and industry.
The Survey continued its tradition of working with the
Geological Survey of Canada on British Columbia projects
providing technical and financial assistance to the Targeted
Geoscience Initiative in southern and central British
Columbia.

All geoscience publications are routinely posted to the
BC Ministry of Energy, Mines and Petroleum Resources
website. MapPlace, one of the world’s premier geoscience
internet-map systems, continues to improve with the addi-
tion of more data layers and improved tools. Clients can
now freely access 100% of the company mineral assess-
ment reports from the ARIS database over the web. Survey
staff played active roles as presenters and organizers at nu-
merous conferences and events to market British Colum-
bia’s mineral potential, including a trade mission to Asia,
international conferences in Toronto and Vancouver, and
numerous meetings and workshops around the province.

Over the past year the BCGS published Geological
Fieldwork 2006, 10 Open File maps and reports, 1
Geoscience Map, 11 GeoFile maps, reports and data files
and 5 Information Circulars. In addition to these traditional
publications, Survey geologists provided expertise to
companys carrying out exploration and mine development
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work in the Province. As well, the Survey processed about
550 assessment reports submitted for tenure maintenance.

Working with the regional geologists as key authors,
the Survey also published Exploration and Mining in Brit-
ish Columbia 2006 and British Columbia Mines and Min-
eral Exploration Overview 2006 and coordinated the sub-
mission of articles on provincial industry activities
published by the Canadian Institute of Mining, in the Min-
eral Exploration magazine by AMEBC and Northern
Miner.

This Fieldwork volume is made possible by the hard
work and expertise of numerous authors who have contrib-
uted their insight to improve our understanding of British
Columbia’s geology and mineral deposits. The articles
have been improved by peer and supervisor review and
Tania Demchuk’s steady hand in coordinating the articles

and providing feedback to the authors. The quality services
of RnD Technical are acknowledged for helping to put the
volume together. Brian Grant, the editor, deserves special
commendation for being the key person in so many ways in
producing Geological Fieldwork. This is his 20th, and last
year, at the helm as he is returning to the private sector.

D.V. Lefebure
Chief Geologist

British Columbia Geological Survey

www.empr.gov.bc.ca/Geology

(see following pages for a photo of BC Geological Sur-
vey staff and a location map of 2007 field projects.)
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Geoscience BC Reports

Geoscience BC’s project reports for 2007 are available in their volume, Geoscience BC Summary
of Activities 2007, Geoscience BC Report 2008-1. This report is available in hardcopy or as a
download from Geoscience BC’s website, www.geosciencebc.com.

Previous Geoscience BC project reports were included in Geological Fieldwork 2005 and 2006.
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Spences Bridge Bedrock Mapping Project: Preliminary Results from the
Merritt Region, South-Central British Columbia

(Parts of NTS 092H/14, 15; 092I/02)

by L.J. Diakow

KEYWORDS: Merritt, Ashcroft map area, Nicola
Group, Spences Bridge Group, epi ther mal min er -
al iza tion

INTRODUCTION

The Spences Bridge Pro ject is a multiyear
bed rock map ping – min eral de pos its ex plo ra tion
pro ject. It fo cuses on two ma jor rock suc ces sions:
is land arc rocks of the Late Tri as sic Nicola Group,
spe cif i cally the west ern belt (fa cies) and a su per -
im posed mid-Cre ta ceous con ti nent-mar gin arc
suc ces sion, the Spences Bridge Group, in se lected
ar eas be tween Prince ton in the south and Pa vil ion
in the north (Fig 1). The pro ject ob jec tives are to
up grade the geo log i cal un der stand ing and eval u -
ate the eco nomic min eral potential for these
contrasting arc regimes.

This brief re port pres ents pre lim i nary geo log -
i cal ob ser va tions made dur ing the in au gu ral field
sea son con ducted near Merritt in the fall of 2007.
No an a lyt i cal re sults from the pro ject are yet avail -
able. A more in-depth re port, in cor po rat ing de -
tailed lithological de scrip tions, strati graphic re la -
t ion  sh ip s  and  va r  i  ous  ana l  y  s es  and  age
de ter mi na tions, will be included in future work.

2007 FIELD PROGRAM

Dur ing Sep tem ber and Oc to ber, more than
50 tra verses were con ducted, pro vid ing de tailed
1:20 000 scale geo log i cal cov er age over a 300 km2

area (Fig 1). The shape of the study area re sem bles
an in verted ‘L’, the south west-trending seg ment
in for mally des ig nated the Iron Moun tain – Selish
Moun tain transect and the shorter, north west-ori -
ented seg ment, the Gillis Lake – Maka Creek
transect.

This map ping over laps geo graph i cally and, more over,
sup ple ments and re fines parts of a solid geo log i cal foun da -
tion con structed from ear lier map ping-based stud ies. These 
stud ies in clude: Preto’s (1979) tri par tite time-strati graphic
sub di vi sion of the Nicola Group into lithostratigraphic
belts or fa cies, McMillan’s (1981) map ping of the west ern

belt of the Nicola Group at Iron Moun tain, and Thor -
kelson’s (1986) map ping of the Spences Bridge Group.

GENERALIZED STRATIGRAPHY

Iron Mountain – Selish Mountain Transect

This area com prises two moun tains that make up a
north-trending ridge, with the Coquihalla High way ly ing at
lower el e va tion along the west ern mar gin. Iron Moun tain is
lo cated at the north end of the ridge, im me di ately south of
Merritt. Sit u ated far ther south, Selish Moun tain marks a
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This pub li ca tion is also avail able, free of charge, as col our
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Fig ure 1. Lo ca tion of the 1:20 000 scale map ping pro ject cov er ing the Iron
Moun tain – Selish Moun tain and Gillis Lake – Maka Creek transects, and dis -
tri bu tion of re cently dis cov ered epi ther mal vein pros pects hosted by mid-Cre -
ta ceous Spences Bridge Group.



geo log i cal di vi sion be tween older lay ered rocks crop ping
out to the north and a cross cut ting, stock-size granitoid
cropping out to the south.

Lay ered rocks through out this transect rep re sent the
old est stra tig ra phy in the study area. A per sis tent trend in
bed ding at ti tudes, from top o graph i cally low est to high est
ex po sures be tween Iron and Selish moun tains, de fines a
mod er ately south east-in clined homocline that is in ter nally
dis rupted by steep, mainly west-north west-strik ing faults,
ori ented roughly or thogo nal to the gen eral north-northeast
strike of beds.

The bot tom of the homoclinal suc ces sion con sists of a
largely in di vis i ble, mo not o nous se quence com posed of
vari ably red-ox i dized dark green ba saltic lava flows. They
ex hibit a va ri ety of tex tures, from aphyric and apha ni tic to
pyroxene plagioclase por phy ries, and con tain weak to
mod er ately per va sive re place ment by sec ond ary chlorite,
epidote and calcite.

Based on the ab sence of fea tures in dic a tive of sub ma -
rine de po si tion, these mafic rocks are in ter preted to have
been de pos ited in a subaerial en vi ron ment. An ex cep tion,
how ever, oc curs at the lo cally gradational up per con tact, as
in di cated by the pres ence of rel a tively thin, mas sive
pyroxene-phyric lavas al ter nat ing with marine sedimentary 
strata.

The mafic unit is re placed upsection by an ex ten sive
subaerial vol ca nic suc ces sion that con tains lo cally in ter -
spersed fine clastic and car bon ate beds. This vol ca nic suc -
ces sion is dom i nated by dark ma roon and green andesitic
tuffs, par tic u larly in the vi cin ity of Selish Moun tain. Fel sic
erup tives, how ever, con sti tute the most dis tinc tive rocks in
the suc ces sion, Dacitic flows and some as so ci ated tuffs
make up a rel a tively small com po nent of the Selish Moun -
tain sec tion, al though at Iron Moun tain the fel sic rocks are
vol u met ri cally sig nif i cant and in clude lava flows, as so ci -
ated airfall tuffs con tain ing sparse quartz crys tals and abun -
dant fel sic frag ments. Mi nor beds of epiclastic sand stone
de rived from vol ca nic rocks and com posed of abun dant fel -
sic frag ments and quartz grains are interlayered with felsic
rocks and, up section, alternate with limestone.

Fel sic vol ca nic units at Iron Moun tain grade up wards
into lime stone beds and in ter ca lated cal car e ous sand stones
and gran ule con glom er ates. These sed i men tary rocks have
an ag gre gate thick ness in ex cess of 60 m and pro vide a lo cal 
strati graphic marker. They con tain a di verse shal low-ma -
rine fos sil as sem blage in clud ing belemnoids, cri noids,
corals, bivalves and ammonoids.

Car bon ates have also been mapped at sev eral widely
spaced lo cal i ties in the Selish Moun tain sec tion, al though
gen er ally as mi nor beds. They dif fer from those at Iron
Moun tain in the na ture of bound ing rocks, thick ness, ap -
pear ance and fos sil con tent, thereby mak ing di rect cor re la -
tion im pos si ble. Within the Iron Moun tain – Selish Moun -
tain transect it ap pears that sig nif i cant car bon ate de po si tion 
re curred dur ing at least three rel a tively short-lived, ma rine
transgressive events, each car bon ate de posit ap par ently
cor re spond ing in time with hi a tuses or at least with
substantially diminished subaerial volcanic activity.

AGE OF ROCK UNITS

McMillan (1981) as signed vol ca nic and sed i men tary
rocks in the Iron Moun tain – Selish Moun tain transect to
the west ern belt of the Nicola Group. De spite a num ber of
fos sil sites found at Iron Moun tain (McMillan, 1981), none

of the fos sils ap pear to have been de fin i tively iden ti fied and 
they are hence ex cluded from a com pi la tion of fos sil col lec -
tions for the Ashcroft map area (Mon ger, 1989a, b). Based
on this com pi la tion, fos sil-bear ing sed i men tary rocks
interbedded with vol ca nic rocks found else where in the
west ern Nicola Belt are late Carnian to early Norian in age.
How ever, the age of the Nicola Group in the Iron Moun tain
– Selish Moun tain transect re mains to be de ter mined. Iso to -
pic age and fos sil sam ples col lected dur ing this study aim to 
test the pos si bil ity that the fel sic vol ca nic unit and over ly -
ing car bon ates may rep re sent a youn ger, per haps Early Ju -
ras sic arc sequence that unconformably overlies the mafic
volcanic unit.

Three dacitic-rhyolitic vol ca nic sam ples were col -
lected for ura nium-lead (U-Pb) dat ing. The stratigraph -
ically low est fel sic rock col lected, west of Selish Moun tain, 
is de rived from a 20 cm thick waterlain ash interlayered
with siltstone. It sharply over lies pyroxene-bear ing lavas
that are pre sumed to mark the top of the mafic vol ca nic unit. 
A sec ond sam ple col lected from the sum mit of Selish
Moun tain is a flow-lam i nated dacite. The strati graphic po -
si tion of this sam ple is un cer tain; how ever, it pro vides an
in ferred age for a thick as sem blage of as so ci ated airfall vol -
ca nic rocks dom i nated by ox i dized ma roon lapilli and finer
tuffs that oc cupy much of the ap par ent lower and mid dle
parts of the unit. A date from the up per part of the dacitic
vol ca nic suc ces sion can be de ter mined from quartz-bear -
ing dacitic tuffs col lected from Iron Moun tain. The dacite
in this lo ca tion is interbedded with lime stone and grades
up wards into a sed i men tary marker com posed of sev eral
lime stones interbedded with cal car e ous sand stones. Two
fos sil col lec tions, con tain ing a di verse bi valve as sem blage
locally coexisting with ammonoids, were extracted from
the sandstone.

Gillis Lake – Maka Creek Transect

Mid-Cre ta ceous rocks of the Spences Bridge Group
form a nar row, north west-trending belt re gion ally cov er ing 
nearly 3200 km2, and un con form ably over lie the Late Tri -
as sic Nicola Group and as so ci ated in tru sions (Fig 1; Mon -
ger, 1989a, b; Mon ger and McMillan, 1989). Cre ta ceous
stra tig ra phy un der ly ing much of the Gillis Lake – Maka
Creek transect forms part of a con tig u ous map ping pro ject,
roughly 250 km2 in ex tent, con ducted for an MSc the sis
(Thorkelson, 1986) that sub se quently led to sub di vi sion
and for mal def i ni tion of the Spences Bridge Group
(Thorkelson and Rouse, 1989).

Remapping the ge ol ogy in the Gillis Lake – Maka
Creek transect dur ing this study re vealed a crudely lay ered,
subaerial vol cano-sed i men tary stra tig ra phy. This bed ded
suc ces sion forms a north east-in clined homocline and rests
nonconformably on gra nitic rocks of prob a ble Late Tri as sic 
to Early Ju ras sic age. The homocline is made up of a num -
ber of dis tinc tive vol ca nic and intervolcanic sed i men tary
units that are readily trace able along strike. The con ti nu ity
of rock units, how ever, is dis rupted by nu mer ous steep
faults trending north to north east, which prob a bly de vel -
oped dur ing re gional Eocene extensional tectonic episodes.

A rep re sen ta tive strati graphic sec tion for the Spences
Bridge Group in the Gillis Lake – Maka Creek transect, in
which all mappable units are stacked suc ces sively and no
faults were rec og nized, is at least 1600 m thick. The un der -
ly ing base ment con sists of an in tru sive com plex com posed
of pyroxene diorite that, in many places, is in truded by
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youn ger dikes and small apophysis com posed gen er ally of
granodiorite and quartz monzonite. White apha ni tic felsite
dikes, in turn, cross cut the older phases.

Ini tial de pos its of the Spences Bridge Group con sist of
pyroxene-phyric an de site. Nearly iden ti cal lava flows re -
cur in at least two in ter vals well above this basal flow mem -
ber. Re sis tant, lithic-rich, dacitic ash-flow tuff oc curs im -
me di ately above the low est an de site, and a sim i lar de posit
is found near the top of the sec tion. Dif fer en ti at ing se quen -
tially youn ger vol ca nic strata from lithologically sim i lar
older strata is fa cil i tated by three dis tinc tive con glom er atic
beds dis persed at suc ces sively higher lev els in the stra tig ra -
phy. The low est, en closed as a thick bul bous-shaped body
within the low est an de site unit, is dis tin guished by the pre -
pon der ance of in tru sive clasts de rived from nearby
plutonic base ment rocks. The next high est con glom er ate
oc curs at the in ter face mark ing the top of the low est
pyroxene an de site with over ly ing dacitic ash-flow tuff.
This con glom er ate is thin ner than the lower con glom er ate
and com posed ex clu sively of meta vol can ic, metaplutonic
and vein quartz clasts, which in di cates it is de rived from a
meta mor phosed ter rain. The stratigraphically high est con -
glom er ate crops out close to the top of the sec tion and con -
tains a va ri ety of clasts that re sem ble un der ly ing vol ca nic
units of the Spences Bridge Group. It is the thick est of the
three con glom er ate units and also con tains sig nif i cant
interbedded sand stone units, some of which dis play large-
scale pla nar crossbeds. The up per most con glom er atic unit
passes into a thick, mixed unit composed of reworked and
primary fragmental rocks that constitute the top of the
stratigraphic section.

In ad di tion to the three dis tinc tive con glom er ates, sed i -
men tary rocks, in clud ing finer gran ule con glom er ate and
sand stone, are in ter spersed at sev eral other lev els, con sis -
tently at the con tact of sev eral spe cific vol ca nic units.
These finer clastic beds com monly con tain rock clasts and
crys tals de rived lo cally from un der ly ing vol ca nic or
plutonic units, such as pyroxene, quartz or some times bi o -
tite. With out ex cep tion, sand stone units en coun tered
through out the sec tion all con tain plant de bris, which in di -
cates that the vol cano-sed i men tary sequence was deposited 
in a terrestrial setting.

Thorkelson and Rouse (1989) re ported a U-Pb date of
104.5 ±0.3 Ma on rhy o lite from the lower part of the
Spences Bridge Group. This Early Cre ta ceous, Albian date
is cor rob o rated by iden ti fi ca tion of fos sil leaves and
palynomorphs that ex tends de po si tion of the Spences
Bridge Group into the Cenomanian stage of the Late Cre ta -
ceous (Thorkelson and Rouse, 1989). Ash-flow tuff form -
ing the lower of two lithologically sim i lar pyroclastic flows 
rec og nized in the Gillis Lake – Maka Creek sec tion was
sam pled to de ter mine when felsic volcanism began.

MINERALIZATION

The study area con tains rel a tively few re corded
MINFILE (2007) pros pects, con sist ing mainly of small
cop per and lead-zinc-bar ite pros pects hosted by mafic and
fel sic vol ca nic rocks of the Nicola Group. Min ing ex plo ra -
tion in the Merritt re gion cur rently fo cuses on pre cious-
metal-bear ing epi ther mal quartz veins hosted in subaerial
vol ca nic rocks of the Spences Bridge Group. Epi ther mal
vein de pos its con sti tute an im por tant new ex plo ra tion tar -

get through out the belt of Spences Bridge Group rocks.
They be came ev i dent af ter 2001, dur ing fol low-up of geo -
chem i cal anom a lies de tected in se lected stream sed i ments
sam ples, cou pled with dil i gent pros pect ing by E. Balon, all
of which sub se quently led to a number of significant vein
discoveries.

In this first year of bed rock map ping, field ef forts fo -
cussed on de ter min ing stra tig ra phy and struc ture, with only 
mi nor work con ducted on the min eral de pos its. As map -
ping ex pands north and south next sea son, epi ther mal pros -
pects, in clud ing those at Pros pect Val ley, Sullivan Ridge
and Pon der osa, shown in Fig ure 1, will be in cor po rated into 
the de vel op ing geo log i cal frame work. The char ac ter of epi -
ther mal min er al iza tion, geo log i cal con trols and time-space
re la tion ship with ma jor mag matic events are in te gral com -
po nents of the re gional mapping project focussing on the
Spences Bridge Group.

Dur ing the course of field work, zones of rusty al tered
rocks were rou tinely sam pled for as say. Of the 28 sam ples
col lected from 12 widely sep a rated sites ex hib it ing vary ing
in ten si ties of hy dro ther mal al ter ation, 10 sites can be cat e -
go rized as epi ther mal-type, one as por phyry-type and one
as a base-metal-bear ing vein. In ter est ingly, all but one of
these al ter ation sites oc cur within rocks mapped as part of
the west ern belt of the Nicola Group. Since the as say re sults 
were not avail able when this re port was writ ten, they will
be pre sented in a ta ble ac com pa ny ing the open file map
scheduled for release in spring 2008.
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Physical Properties and Paleomagnetic Database
for South-Central British Columbia

by R.J. Enkin1, B.S. Vidal2, J. Baker1, and N.M. Struyk3

KEYWORDS: geo phys i cal sur veys, phys i cal prop er ties,
mag netic sus cep ti bil ity, den sity, TGI-3 – Cor dil lera Pro -
ject, Geoscience for Moun tain Pine Bee tle Re sponse Pro -
ject, south-cen tral Brit ish Co lum bia

South-cen tral Brit ish Co lum bia has be come the fo cus
of re newed min eral ex plo ra tion ac tiv ity. In re sponse to the
dev as ta tion fac ing the re gion’s for ests due to the moun tain
pine bee tle in fes ta tion, gov ern ments are sup port ing eco -
nomic di ver si fi ca tion with a se ries of pro grams. This re -
gion is one of the ar eas iden ti fied for the cur rent Tar geted
Geoscience Ini tia tive III (TGI-3), and both fed eral and pro -
vin cial geo log i cal sur veys have cre ated pro jects to pro mote 
min eral and en ergy ex plo ra tion in the Mountain Pine
Beetle Infested Zone (BIZ).

Mihalynuk (2007) dem on strated that the BIZ (de fined
us ing data from the BC Min is try of For ests and Range,
2005) has sig nif i cant min eral in ven tory and min eral ex plo -
ra tion def i cits. The re gion has been largely avoided by min -
eral ex plo ra tion ge ol o gists be cause of poor out crop and ap -
par ent cover by Ce no zoic vol ca nic rocks. The met al lo gen ic 
geo log i cal prov inces sur round ing the BIZ al most cer tainly
un der lie the BIZ it self, and eco nomic de pos its should be
avail able for ex ploi ta tion. “Per haps the great est im ped i -
ment to at tract ing sig nif i cant min eral ex plo ra tion in vest -
ment in the BIZ is the geo log i cal un cer tainty posed by the
ex tent and thick ness of cover suc ces sions” (Mihalynuk,
2007, p. 141). How ever tra di tional ex plo ra tion strat e gies
are not suf fi cient and must therefore be complemented with 
greater use of geochemical and geophysical surveys.

Grav ity, mag netic, elec tro mag netic, ra dio met ric and
seis mic sur veys all pro vide meth ods both to im age the
cover and to rec og nize ex plo ra tion tar gets un der neath. To
iden tify the lithological sources of geo phys i cal anom a lies,
it is nec es sary to iden tify the phys i cal prop erty fin ger prints
of each rock type and each for ma tion. What are the spa tial
vari a tions of both mean val ues and their dis per sions?
Where are geophysically imageable con trasts found, and
what tech niques should be ap plied to op ti mize geo phys i cal
sur veys and their in ter pre ta tion? It is nec es sary to com pile a 
physical properties database to answer these questions.

At pres ent we have col lected data from 2932 sites from
the TGI-3 – Cor dil lera and Bee tle In fested Zone (Fig 1).

The work is still in prog ress, and we ex pect the da ta base
will in crease in size sig nif i cantly over the com ing months.

The goals of the pro jects that pro cured these data var -
ied con sid er ably and, ac cord ingly, each em ployed dif fer ent 
meth ods and strat e gies. These are grouped into three types
of data:

• In-situ mea surement: Mag netic sus cep ti bil ity was
mea sured at the out crop, ei ther with an Exploranium
KT9 or with the more sen si tive GF In stru ments SM-20
sus cep ti bil ity me ter. Typ i cally five to ten mea sure -
ments were re corded from an out crop over a dis tance
of sev eral metres and the average was reported.

• Laboratory mea sure ment of hand sam ples: Sev eral
map pers have sub mit ted hand sam ples col lected dur -
ing geo log i cal map ping to the phys i cal prop er ties lab -
o ra tory at the Geo log i cal Sur vey of Can ada – Pa cific in 
Sid ney. Den sity was mea sured us ing the ‘weight-in-air 
– weight-in-wa ter’ method (Mul ler, 1967). Mag netic
sus cep ti bil ity of the hand sam ples was mea sured us ing
the SM-20. Sam ples that were large enough to sub -
sample and had mag netic sus cep ti bil ity greater than
about 1 x 10-3 SI were cored with a 2.5 cm di a mond-
drill bit. The mag netic remanence was mea sured with
an Agico Inc. JR5-A mag ne tom e ter, and ac cu rate mag -
netic sus cep ti bil ity was mea sured us ing a Sap phire
SI2B sus cep ti bil ity me ter. The value of mag netic rem -
an ence over sus cep ti bil ity pro vides a Koenigsberger
ratio, which is the relative strength of remanent to
induced magnetism.

• Sam pling for paleomagnetic study: Lithological for -
ma tions, which po ten tially hold strong and sta ble mag -
netic remanence, were drilled in the field and ori ented
us ing a mag netic or so lar com pass. This is par tic u larly
im por tant for in ter pret ing aero mag net ic maps of the
Chil cotin bas alts, as the Koenigsberger ra tios for these
rocks are high (i.e., mag netic remanence dom i nates
over in duced mag ne tism), and they can pro duce ei ther
strong pos i tive anom a lies if the mag netic po lar ity is
nor mal or neg a tive anomalies for reverse polarity
flows.

The pooled re sults for mag netic sus cep ti bil ity (2932
sites) and den sity (2387 sites) are shown in Fig ures 2 and 3.
Pub li ca tion of the da ta base and its anal y sis are in prep a ra -
tion. For the pur pose at hand, it is im por tant to note the dis -
tri bu tion of sam ples. Some re gions have ex cel lent cov er age 
due to the avail abil ity of suit able out crops and re cent geo -
log i cal ac tiv ity that led to the sam pling. The sam pling,
how ever, is never uni form. Map pers do not col lect sam ples
on the ba sis of the area they rep re sent, but rather at tempt to
sam ple the range of rock types. Ex otic oc cur rences will be
se lected while the com mon hostrocks will only oc ca sion -
ally in duce ad di tional sam pling. This is par tic u larly the
case for al tered or min er al ized rocks, which are the main
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Fig ure 1. Lo ca tions of phys i cal prop er ties data from the Tar geted Geoscience Ini tia tive III – Cor dil lera
and Bee tle In fested Zone of south-cen tral Brit ish Co lum bia, coded by col lec tion. The base map is
adapted from Journeay and Wil liams’ (1995) ver sion of Wheeler and McFeely’s (1991) Tec tonic As -
sem blage Map of the Ca na dian Cor dil lera. Ab bre vi a tions: V, Van cou ver; K, Kamloops; WL, Wil liams
Lake; BC, Bella Coola; PG, Prince George; S, Smithers. The Bee tle-In fested Zone (BIZ) as de fined by
Mihalynuk (2007) is out lined with the red dashed line.

Fig ure 2. Mag netic sus cep ti bil ity (SI/vol ume units) of 2932 sites, coded with a spec trum of colours
from blue to red. See Fig ure 1 for leg end of the base map.



tar get for geo phys i cal sur veys pre cisely be cause of their
rar ity. Fur ther more, the three-di men sional na ture of stra tig -
ra phy means that spa tial av er ag ing over two di men sions
will nec es sar ily lead to mis lead ing in ter pre ta tions. It is thus
es sen tial, when com pil ing spa tial and lithological means, to 
give the correct weighting to each sample and, furthermore, 
to group them correctly together.

That be ing said, cer tain pat terns are ap par ent even at
the large scale il lus trated in Fig ures 2 and 3. The Thuya and
Takomkane plutons north of Kamloops stand out as rocks
of high mag netic sus cep ti bil ity and den sity that should be
eas ily vis i ble in geo phys i cal sur veys, even un der gla cial or
pos si bly vol ca nic cover. There are sig nif i cant vari a tions in
the phys i cal prop er ties of the Chil cotin bas alts. In the
north west, den si ties are high while the sus cep ti bil ity is low. 
The high est sus cep ti bil i ties are found in young vol ca nic
rocks north of Kamloops, which are ap par ently youn ger
than the Chil cotin Group, sensu stricto.

The ma jor paleomagnetic con trast we have noted
within the Chil cotin Group is that south ern Chil cotin sec -
tions, such as at Chasm and Deadman River, show mul ti ple
po lar ity re ver sals, al low ing the pos si bil ity to map out re -
gional isochron sur faces. In con trast, sec tions in the north -
west, such as Bull Can yon and Dog Creek, show one po lar -
ity with lit tle paleomagnetic di rec tional dis per sion, which
sug gests very rapid effusion.

There are cer tainly leg acy datasets and sam ple col lec -
tions that could be mea sured to add to the phys i cal prop er -
ties da ta base un der com pi la tion. Pref er a bly, all sam ples

should be greater than 250 ml in vol ume. Sam pling lo ca -
tion, li thol ogy and for ma tion name must ac com pany the
sub mis sion of sam ples. Read ers are in vited to no tify the au -
thors if they know of sources of sam ples or spread sheets of
pre vi ously mea sured sam ples for in clu sion in this physical
properties database.

REFERENCES

BC Min is try of For ests and Range (2005): BC for est health sur vey
data 2004; BC Min is try of For ests and Range, URL
<http://www.for.gov.bc.ca/ftp/HFP/ex ter nal/!pub lish/Aer
ial_Over view/2004/> [No vem ber 2007].

Journeay, J.M. and Wil liams, S.P. (1995): GIS map li brary: a win -
dow on Cordilleran ge ol ogy (ver sion 1.0); Geo log i cal Sur -
vey of Can ada, Open File 2948, dig i tal ver sion of Wheeler
and McFeely (1991).

Mihalynuk, M.G (2007): Eval u a tion of min eral in ven to ries and
min eral ex plo ra tion def i cit of the In te rior Pla teau Bee tle In -
fested Zone (BIZ), south-cen tral Brit ish Co lum bia; in Geo -
log i cal Field work 2006, BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Pa per 2007-1 and Geoscience BC,
Re port 2007-1, pages 137–141.

Mul ler, L.D. (1967): Den sity de ter mi na tions; in Phys i cal Meth ods 
in De ter mi na tive Min er al ogy, Zuaaman, J., Ed i tor, Ac a -
demic Press, pages 459–466.

Wheeler, J.O. and McFeeley, P. (1991): Tec tonic as sem blage map
of the Ca na dian Cor dil lera and ad ja cent part of the United
States of Amer ica; Geo log i cal Sur vey of Can ada, Map
1712A, scale 1:2 000 000.

Geo log i cal Field work 2007, Pa per 2008-1 7

Fig ure 3. Den sity (g/cm3) of 2387 sites, coded with a spec trum of colours from blue to red. See Fig ure 1 
for leg end of the base map.



8 Brit ish Co lum bia Geo log i cal Sur vey



Evaluation of the Geology and Stratabound Base Metal Potential of the
Middle and Upper Purcell Supergroup, Southeastern British Columbia

(NTS 082G/03, 04, 05, 06)
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hosted cop per, min eral ex plo ra tion 

INTRODUCTION

The Mid dle Pro tero zoic Purcell Supergroup of south -
east ern Brit ish Co lum bia hosts the Sullivan de posit, one of
the world’s larg est SEDEX Zn-Pb de pos its. The Sullivan is
hosted in the Aldridge For ma tion of the lower Purcell
Supergroup, near Kimberly, BC. The dis cov ery of this de -
posit led to ex ten sive ex plo ra tion of the Aldridge For ma -
tion, and these ex plo ra tion ac tiv i ties con tinue to this day.
Youn ger rocks of the mid dle and up per Purcell Supergroup, 
those rocks ly ing above the Aldridge/Prichard for ma tion,
have re ceived much less at ten tion in BC, even though they
host nu mer ous sed i ment-hosted Cu (±Ag±Co) de pos its and 
polymetallic veins (Fig 1, 2).

Sed i ment-hosted Cu de pos its are the sec ond most im -
por tant global source of Cu, fol low ing only por phyry Cu
de pos its in to tal re source. The ma jor ity of sed i ment-hosted
Cu de pos its are formed within con ti nen tal rift bas ins
(Brown, 1992) due to fluid mix ing within per me able, shal -
low-wa ter sed i men tary and, more rarely, vol ca nic rocks
(Cox et al., 2003). Ma jor de pos its lie within the Kupfer -
schiefer belt of Eu rope and the Zam bian Copperbelt of Af -
rica. Pro tero zoic sed i men tary rocks of the mid dle Belt
Supergroup in Montana also con tain im por tant sed i ment-
hosted Cu-Ag de pos its, in clud ing Troy, Rock Creek and
Montanore (Fig 1; Hayes and Einaudi, 1986; Boleneus et
al., 2005).

This pa per re views the stratabound base metal po ten -
tial of the mid dle and up per Purcell Supergroup in the area
south and east of Cranbrook, BC in NTS sheets 082G/03,
04, 05 and 06. This area was pre vi ously mapped by Höy and 
Carter (1988), with de tailed unit de scrip tions re ported in
Höy (1993). Five weeks of re con nais sance map ping were
con ducted across the area and some de tailed work was car -
ried out within ar eas of known min eral oc cur rences (Fig 2).
Im por tant con tri bu tions from this work in clude the dis cov -
ery of a new sed i ment-hosted Cu oc cur rence and rec og ni -

tion of vol ca nic-hosted massive sulphide (VHMS)
potential.

REGIONAL GEOLOGY

The Mesoproterozoic Belt-Purcell Ba sin is be lieved to
rep re sent an intracontinental rift sys tem that has been filled
by both ma rine and fluviatile sed i ments (Lydon, 2007). The 
ba sin, which is termed the ‘Belt Ba sin’ or the ‘Belt Super -
group’ in the United States and the Purcell Super group in
Can ada, ex tends from south east ern Brit ish Co lum bia into
Idaho, west ern Montana and east ern Wash ing ton. The ba -
sin de vel oped as a branch ing sys tem of sub-bas ins along
base ment struc tures that were later short ened and folded
(Price and Sears, 2000). In south east ern BC, the old est
rocks of the Purcell Supergroup are ex posed along the core
and west ern mar gin of a large-scale anticlinorium.
Mesoproterozoic rocks of the Purcell Ba sin in Can ada have
been stratigraphically sub di vided in dif fer ent ways by dif -
fer ent au thors work ing in dif fer ent lo ca tions. Read ers are
di rected to Höy (1993), Lydon (2007) and Gardner and
Johnston (2007) for a com plete dis cus sion of stratigraphic
changes within the basin.

The Ca na dian por tion of the ba sin, south and east of
Cranbrook, con tains up to 12 km thick nesses of rift-fill
turbidite rocks at the base. These ‘rift-fill’ rocks, termed the 
‘Aldridge For ma tion’, host the world-class Sullivan
SEDEX Zn-Pb de posit (Lydon, 2007). Above the Aldridge
For ma tion, the Creston, Kitchener and Van Creek for ma -
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Fig ure 1. Ap prox i mate ex tent of the ex posed Belt-Purcell Ba sin in
Brit ish Co lum bia, Montana, Idaho and Wash ing ton. The lo ca tion of
the study area is shown in re la tion to known sed i ment-hosted Cu
de pos its.



tions, taken to gether, can be con sid ered the mid dle suc ces -
sion of the Purcell Supergroup (Fig 3). They rep re sent the
be gin ning of the ‘rift-cover’ se quence (Lydon, 2007), but
they pre date the erup tion of a thick pack age of flood bas alts
termed the ‘Purcell lavas’, also known as the Nicol Creek
For ma tion. The up per Purcell Supergroup con sists of shal -
low-wa ter, fine-grained clastic rocks of the Van Creek,
Gate way, Phillips and Roosville for ma tions (Höy, 1993),
which are over lain by flood bas alts and volcaniclastic rocks 
of the Nicol Creek For ma tion. Di rectly over ly ing the Nicol
Creek For ma tion are coarse clastic and stromatolitic
carbonate rocks of the Sheppard Formation.

An ex tremely thick over bur den blan ket cov ers much
of the Purcell Moun tains south of Cranbrook. This gla cial
over bur den has placed a se vere lim i ta tion on map ping and
pros pect ing ac tiv i ties in the re gion. Out crops are lim ited to
steep cliff faces, roadcuts and lo cal ridges. Al though this
lack of out crop may have lim ited the suc cess of pros pect ing 
and soil sam pling, other meth ods can now be ap plied to the
re gion in or der to ‘see through’ this cover. In ad di tion, for -
estry roads pro vide ex cel lent access to most parts of the
region.

UNIT DESCRIPTIONS

The fol low ing de scrip tions of strati graphic units are
based on five weeks of re con nais sance map ping in the
south ern Purcell Moun tains, within NTS sheets 082G/03,
04 and 05. As such, the fol low ing unit de scrip tions and stra -
tig ra phy (Fig 3) are spe cific to this area and do not ac count

for re gional dif fer ences within the ba sin. Höy (1993) and
Gardner and Johnston (2007) can be con sulted for ad di -
tional in for ma tion on unit thick nesses and re gional vari a -
tions. The mid dle and up per Purcell Supergroup was ex am -
ined both re gion ally and in de tail around known mineral
occurrences.

Creston Formation

The Creston For ma tion has been di vided into three
units based on li thol ogy and en vi ron ment of de po si tion
(Höy, 1993). The low er most unit is dom i nated by siltstone
and argillite, the mid dle unit is dom i nated by quartz arenite
with lesser siltstone, and the up per unit is pre dom i nantly
siltstone. It is the mid dle sand stone-dom i nated unit, termed
the ‘Revett For ma tion’ in Montana, that hosts the Troy,
Rock Creek and Montanore Cu-Ag de pos its. The Creston
For ma tion was ex am ined east of Moyie Lake along sev eral
for estry roads that par al lel Te pee Creek. The lower Creston
(i.e., Burke For ma tion) in this area con tains a dis tinc tive
dark grey to black fis sile siltstone. Above this unit, mauve
and green siltstone and argillite pre dom i nate, be com ing
interlayered with quartz arenite of the mid dle Creston.
Crossbedding and rip ple marks are com mon within the
quartz-rich sand stone, con sis tent with de po si tion in a rel a -
tively shal low, high-en ergy en vi ron ment (Fig 4). Both
siltstone and sand stone are vari ably bleached and con tain
epigenetic euhedral crystals of either pyrite or magnetite.

Kitchener and Van Creek Formations

The Kitchener For ma tion is a dis tinc tive ho ri zon of
car bon ate rocks that in clude oolitic lime stone and
dolomitic siltstone (Höy, 1993). This unit is com monly py -
ritic, but no stratabound min eral oc cur rences have been re -
corded within it. The over ly ing Van Creek For ma tion con -
sists of ma roon or green interlayered siltstone and argillite.
The unit is thinly bed ded to lam i nated and lo cally fis sile.
Mud-chip brec cias, rip ple marks and des ic ca tion cracks in -
di cate that this unit was de pos ited in shal low wa ter. Gab bro
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Fig ure 2. Sim pli fied ge ol ogy of the study area (mod i fied from Höy
et al., 1995). Min eral oc cur rences dis cussed in the text are in di -
cated with red stars.

Fig ure 3: Sim pli fied stra tig ra phy of the Purcell Supergroup, south -
east of Cranbrook, Brit ish Co lum bia.



dikes and sills are rel a tively com mon near the top of the Van 
Creek Formation.

Nicol Creek Formation

The Nicol Creek For ma tion con sists of a dis tinc tive
flood ba salt unit within the dom i nantly siliciclastic Belt-
Purcell Supergroup. In the United States, the Nicol Creek
For ma tion is termed the ‘Purcell lavas’ and is best ex posed
in Gla cier Na tional Park, Montana. The Purcell lavas are
com monly used as a marker ho ri zon within the ba sin due to
their dis tinc tive na ture and rel a tively wide spread oc cur -
rence. The Nicol Creek bas alts have not been dated, in large 
part due to a gen eral lack of zir con in mafic ex tru sive rocks.
How ever, a re gion ally re stricted rhy o lite to quartz latite
flow yielded a 1443 ±7 Ma age from the Purcell lavas in
Montana (Ev ans et al., 2000). Within the study area, the
Nicol Creek For ma tion is dom i nated by ve sic u lar and
amyg da loid al flows. Ves i cles and gas cham bers lo cally
pro vide well-de fined top in di ca tors to the flows (Fig 5a, b).
Plagioclase-por phy ritic flows are also rel a tively com mon
and are typ i cally interlayered with the ve sic u lar lavas
(Fig 6). No sign of pil low struc tures was noted, con sis tent
with subaerial lava erup tion. Höy (1993) pro duced sev eral
mea sured sec tions of the Nicol Creek For ma tion and re -
ported that thin pil lowed ho ri zons do ex ist. Volcaniclastic
rocks and lay ered tuffs oc cur, but are rel a tively thin ho ri -
zons com pared to the mas sive bas alts (Fig 7). McGimsey
(1985) pro vided a de tailed ac count of vol ca nic flow and
vent fa cies from the Purcell lavas within Gla cier Na tional
Park in Montana. The Nicol Creek bas alts are re ported to
have a subalkaline to al ka line, within-plate geo chem i cal
sig na ture (Höy, 1993). A full suite of vol ca nic samples was
collected in 2007 for detailed petrographic, geochemical
and geochronological analysis.

Sheppard Formation

The Sheppard For ma tion di rectly over lies vol ca nic
rocks of the Nicol Creek For ma tion, but is thin and rarely
ex posed within the map ping area. Where ex posed, the for -
ma tion is ex tremely dis tinc tive due to the pres ence of well-
de vel oped stromatolitic rocks at the top of the sec tion. The

growth of stromatolites within the Sheppard For ma tion
may have been aided by hy dro ther mal ac tiv ity within the
ba sin (e.g., Canet et al., 2005), ini ti ated by the em place -
ment of Nicol Creek mag mas. Interlayered siltstone, quartz
arenite and oolitic car bon ate rocks were all iden ti fied in the
Gold Creek area south of Cranbrook. An un con form able
re la tion ship be tween the Sheppard and Nicol Creek for ma -
tions has been sug gested due to lo cally miss ing (eroded?)
Nicol Creek strata and the lo cal pres ence of con glom er ate
at the base of the Sheppard (Höy, 1993). An an gu lar un con -
formity ap pears to be pres ent lo cally at the con tact be tween
these two formations at the Roo mineral occurrence (Fig 2).

Gateway, Phillips and Roosville Formations 
(Dutch Creek)

The Gate way For ma tion is a rel a tively thick unit that is
well ex posed south of Cranbrook, es pe cially on the slopes
of Mount Baker and along the Gold Creek for estry road.
The unit com prises ma roon or green siltstone and argillite.
The shal low-wa ter na ture of this unit is clearly in di cated by
an abun dance of rip ple marks, des ic ca tion cracks and salt
casts (Fig 8). The pres ence of salt casts has been con sid ered
dis tinc tive of the stratigraphically equiv a lent unit in
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Fig ure 4. Fine crossbedding, quartz vein ing and bleach ing in a
quartz arenite from the mid dle Creston For ma tion (07RH-222,
UTM Zone 11, 5451375N, 593089E, NAD 83).

Fig ure 5. a) and b) Quartz and chal ce dony (ag ate)-filled ves i cles
and gas cham bers in di cat ing way-up di rec tion in Nicol Creek bas -
alts, with ar row in di cat ing top di rec tion (07RH-022; UTM Zone 11,
5471929N, 600783E, NAD 83).



Montana (O’Brien, 1968). The Gate way ranges from thin
to thick bed ded, and a strong cleav age is lo cally de vel oped.
The Gate way is sep a rated from the over ly ing Roosville
For ma tion by a dis tinc tive ma roon sand stone rich in mus -
co vite, termed the ‘Phillips For ma tion’. With out this
marker for ma tion, it is im pos si ble to iden tify the con tact
be tween the up per Gate way and the lower Roosville
(Gardner and Johnston, 2007). 

INTRUSIVE ROCKS

In tru sive rocks are ex tremely rare within the study
area. A coarse-grained gab bro dike, ex posed near Ea ger hill 
north of Cranbrook, cuts the Kitchener For ma tion and in -
cludes nu mer ous thin veins con tain ing chal co py rite (Fig 9). 
This gab bro may rep re sent a feeder dike to the over ly ing
Nicol Creek bas alts. A geo chem i cal com par i son will be un -
der taken to ex plore this pos si bil ity. The pres ence of Cu in
this dike is also con sis tent with lo cal Cu min er al iza tion in
the Nicol Creek For ma tion. Ad di tional gab bro dikes were
iden ti fied within the Van Creek For ma tion, west of the sat -
el lite tow ers near the top of Mount Baker. The mar gins of
these dikes lo cally display contact metamorphism and
quartz veining.

Sev eral K-feld spar por phy ritic syenite sills are ex -
posed on the steep east slope of Sheep Moun tain (Fig 2). At
this lo ca tion, they cut siltstone and dolomitic rocks of the
Dutch Creek For ma tion. The ma trix of the sills is ex tremely 
fine grained, sug gest ing a very shal low level of em place -
ment. Sheep Moun tain also hosts a large zone of al ter ation
and spo radic Cu min er al iza tion that could be re lated to the
em place ment of the syenite mag mas. A suite of poorly ex -
posed lam pro phyre, mi nette dikes is also found on the
north west side of Sheep Mountain.

EXPLORATION HISTORY AND
ECONOMIC GEOLOGY

Within BC, the Purcell Supergroup has a rel a tively
lim ited min eral ex plo ra tion his tory south and east of
Cranbrook. This is es pe cially ap par ent when com pared to
the por tion of the ba sin north and west of Cranbrook. De -
spite this, a cou ple ex plo ra tion pro grams have fo cused on
spo radic Cu (Gold Creek, MINFILE 082GSW022; MIN -
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Fig ure 6. Plagioclase-por phy ritic ba salt flow (bot tom), over lain by
aphyric ba salt (top; 07RH-246; UTM Zone 11, 5431970N,
646320E, NAD 83).

Fig ure 7. Vol ca nic brec cia in ter preted to be pyroclastic in na ture.
Clast types are het er o ge neous, in clud ing those in ter preted to be
ba salt (top right) and apha ni tic tan ones that may be tuffaceous
(07RH-237; UTM Zone 11, 5492107N, 593798E, NAD 83).

Fig ure 8. Well-de vel oped salt casts in siltstone from the Gate way
For ma tion (07RH-055; UTM Zone 11, 5471044N, 602185E, NAD
83).

Fig ure 9. Gab bro dike con tain ing nu mer ous chal co py rite-bear ing
veins (07RH-225; UTM Zone 11, 5492533N, 592837E, NAD 83).



FILE, 2007) and mer cury show ings (Frankie, MINFILE
082GSW034) within the up per Purcell Supergroup along
Gold Creek south of Cranbrook. Drill ing was con cen trated
on the Nicol Creek vol ca nic rocks and the Gate way sed i -
men tary rocks that had geo phys i cal (IP, VLF-EM) anom a -
lies. High Cu val ues (up to 0.65% over 0.3 m) were noted in
sev eral quartz veins near the up per con tact of the Nicol
Creek bas alts (Klewchuk et al., 1990, DH#90-1). Al though
the first au thor was un able to lo cate any sur face oc cur -
rences as so ci ated with this work, a new Cu oc cur rence was
dis cov ered in older strata of the mid dle Creston For ma tion.
Two other ar eas with sig nif i cant ex plo ra tion his to ries were
also ex am ined. The first is the Sheep Moun tain re gion, near 
Elko. This area con tains a large group of vein and sed i ment-
hosted Cu oc cur rences (Sil ver King, Ramshorn, Leah,
Jennie, and Sweet May). Sec ondly, a group of min eral oc -
cur rences is lo cated in the Galton Range just north of the
Canada – United States border (Roo, Wilda, Green, Wolf
and Cabin).

Sediment-Hosted Copper Potential of the
Middle Creston Formation

As noted above, a new Cu oc cur rence was dis cov ered
within the Creston For ma tion along the Te pee Creek for -
estry road (UTM 593577E, 5454607N). The new show ing,
termed here ‘Te pee Creek’, con sists of green argillite con -
tain ing fine bornite and chal co py rite along the bed ding
planes (Fig 10). Mi nor amounts of green Cu ox i da tion mark 
the dis cov ery out crop. Two grab sam ples re turned as say re -
sults with el e vated Cu (564 and 2086 ppm) and Ag (2 and
6 ppm). The show ing is about 1.5 km south east of the Sil ver 
Pipe oc cur rence, a gos sa nous vein sys tem with el e vated Pb, 
Ag and Cu val ues (MINFILE 82GSW058). The Sil ver Pipe 
oc cur rence is also hosted in interbedded siltstone and
quartz ite of the mid dle Creston For ma tion. Grab sam ples
from the gos san yielded high Pb, Ag and Cu val ues
(Yeager and Ikona, 1982). It is in ter est ing to note that the
Troy mine in Montana con tains sig nif i cant Ag (i.e.,
32.3 g/t; Revett Min er als Inc., 2007), has an outer min er al -
iza tion zone of ga lena-cal cite and con tains veins that
crosscut stratigraphy (Mauk and White, 2004).

A sig nif i cant al ter ation zone is ex posed about 1 km
south of the Te pee Creek Cu oc cur rence. In this area, spec -
tac u lar pur ple and red he ma tite mot tling is in dic a tive of ox -
i dized fluid move ment along bed ding planes and frac tures
(Fig 11a, b). A sim i lar style of al ter ation oc curs at the
Kupferschiefer sed i ment-hosted Cu de posit in Po land (Cox 
et al., 2003). The al ter ation may mark the lo ca tion of a lo -
cal ized re dox front. Iden ti fy ing such re dox fronts is im por -
tant for trac ing the move ment of ore-bear ing flu ids. The
pres ence of mag ne tite or py rite may be help ful in iden ti fy -
ing reduced units that are prospective for Cu deposition. 

Intrusions, Copper Mineralization and Alter- 
ation Zones of the Sheep Mountain Area

Nu mer ous small min eral show ings oc cur on and ad ja -
cent to Sheep Moun tain, di rectly south of Elko near the in -
ter sec tion of the Wig wam and Elk rivers (Fig 2). Show ings
in this area in clude the Ramshorn, Jennie, Sweet May, Sil -
ver King, and Leah (MINFILE 82GSW010, 011, 012, 028
and 029). Al though the re corded lo ca tions of these show -
ings are vague, there can be no doubt that nu mer ous min er -
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Fig ure 10: Finely dis sem i nated chal co py rite-bornite±chalcocite in
a green argillite layer within the mid dle Creston For ma tion (07RH-
142; UTM Zone 11, 5454607N, 593577E, NAD 83).

Fig ure 11. a) and b) Red and pur ple iron-ox ide al ter ation pat terns
within sand stone from the mid dle Creston For ma tion. This al ter -
ation is es pe cially strik ing due to the white bleach ing (argillic al ter -
ation) of the rock. The al ter ation is ex posed ap prox i mately 1 km
south of the newly dis cov ered Te pee Creek Cu oc cur rence (07RH-
220; UTM Zone 11, 5453395N, 594044E, NAD 83).



al ized ex plo ra tion trenches and adits ex ist on Sheep Moun -
tain. A thick apron (>50 m) of gla cial till cov ers much of the
area, and the west side of Sheep Moun tain has min i mal bed -
rock ex po sure. The steep east side of the moun tain has nu -
mer ous small ex po sures, as well as at least one adit. Steep
cliffs along west shore of the Elk River also have ex posed
out crop, but they were not in ves ti gated due to the dif fi culty
of ac cess. The Roosville For ma tion is the main unit ex -
posed on Sheep Moun tain, but the lim ited out crop pre vents
a com plete strati graphic de scrip tion. A 10 m thick syenite
sill with large, well-de vel oped K-feld spar pheno crysts in -
trudes siltstone and dolostone of the Roosville For ma tion
along the east ern face of the moun tain. Quartz arenite,
which may be part of the Mount Nel son For ma tion, is ex -
posed along the top of the slope as well as in several
exploration pits.

A huge zone of al ter ation is co in ci dent with the ex -
posed syenite sill, but it is un clear whether the al ter ation
zone is re lated to the sill or other in tru sions. In tense argillic
and sericitic al ter ation oc curs for sev eral kilo metres along
the Elk River (Fig 12). Al though sed i men tary lay er ing is
still iden ti fi able, most orig i nal min er als have been re placed 
by clay, seri cite, quartz and py rite. Quartz stockwork
(Fig 13) and thick quartz-car bon ate veins oc cur through out
the area. Cop per min er al iza tion is typ i cally found within
these veins and coat ing frac tures in sed i men tary rocks
(Fig 14). One ma jor Cu-bear ing vein trends ap prox i mately
060° and dips steeply south east. Cop per min er als in clude
chal co py rite, bornite, mal a chite and az ur ite. A sig nif i cant
amount of iron-ox ide alteration also occurs in angular float
on the west side of mountain.

VHMS Potential of the Nicol Creek Volcanic
Rocks (Roo Property)

The Roo prop erty (Fig 2) is lo cated within the Galton
Range east of Roosville, north of the bor der with the United 
States and within the Phillips Creek drain age ba sin. The
Nicol Creek For ma tion is well ex posed on the prop erty and
is di rectly over lain by sand stone, con glom er ate, and
stromatolitic car bon ate rocks of the Sheppard For ma tion.

The vol ca nic rocks of the Nicol Creek in clude a se ries of
amyg da loid al and por phy ritic ba salt flows, as well as
pyroclastic rocks. Thin-sec tion anal y sis of the pyroclastic
rock in di cates that the an gu lar to slightly flat tened clasts are 
por phy ritic and/or amyg da loid al, and range in com po si tion
from fel sic to mafic. A trachyte sill has also been re ported in 
the area (Thomson, 1990a). Ini tial dis cov er ies of min er al -
iza tion were re ported from 1902, but more re cent work was
com pleted by Cominco Ltd. in 1967, Teck Cor po ra tion in
1989 and Noran da Inc. in 1993. Pre vi ous work in cluded
pros pect ing, trench ing, geo log i cal map ping, drill ing and
geo chem is try. Drill ing by Teck Ex plo ra tion Ltd. re corded
nu mer ous 1 to 5 m thick min er al ized in ter sec tions with Cu
grades up to 1.8% (Thomson, 1990a). The ma jor ity of Cu
min er al iza tion was hosted in coarse clastic rocks of the
Sheppard For ma tion (Thomson, 1990a, b), pos si bly re lated 
to a synsedimentary growth fault (Kemp, 1992). Re cent
dis cov er ies, how ever, in di cate that min er al iza tion oc curs in 
both the sed i men tary and un der ly ing vol ca nic rocks (C.
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Fig ure 12. Well-de vel oped argillic and sericitic al ter ation ex posed
on the east side of the Elk River near Sheep Moun tain. An
anastomosing ar ray of near-ver ti cal faults cut through the out crop
and were prob a ble path ways for hy dro ther mal fluid (07RH-075;
UTM Zone 11, 5458239N, 638624E, NAD 83).

Fig ure 13. Fine quartz stockwork cut ting the Philips For ma tion on
the east shore of the Elk River near Sheep Moun tain (07RH-076;
UTM Zone 11, 5457834N, 638848E, NAD 83).

Fig ure 14. Fine Cu min er al iza tion (chal co py rite-bornite) and al ter -
ation coat ing frac tures within a quartz arenite. This min er al iza tion
is ex posed within ex plo ra tion pits on Sheep Moun tain (07RH-111;
UTM Zone 11, 5457246N 637820E, NAD 83).



Ken nedy, Ruby Red Re sources Inc., pers
comm, 2007). It has been sug gested that Cu
from Nicol Creek mag mas was remobilized
into the sed i men tary rocks (Thomson,
1990b), but it is pos si ble that all min er al iza -
tion on the prop erty is di rectly as so ci ated
with vol ca nic ac tiv ity (VHMS-type).
Propylitic and sericitic al ter ation of the vol -
ca nic rocks was lo cally noted, and bar ite
veins oc cur through out the area. A vein up
to 1.5 m wide at the Phillips Creek oc cur -
rence (MINFILE 082GSE001) was mined
for bar ite in 1940. Bar ite vein ing, al ter ation
and el e vated co balt val ues are all con sis tent
with the pres ence of a vol ca nic vent in the
area. An an gu lar un con formity lo cally ex -
ists be tween the Nicol Creek and Sheppard
for ma tions; how ever, this con tact may rep -
re sent the rapid build-up, tilt ing and ero sion 
of a vol ca nic pile sur round ing a vent
complex. Wave-washed sandstone and
conglomerate could have been deposited
along the flanks of the volcanic pile, while
s t romatoli tes  developed as  the  pi le
stabilized.

FUTURE DIRECTIONS FOR
MINERAL EXPLORATION

A fairly thick blan ket of gla cial drift cov ers much of
the bed rock south of Cranbrook and south west of Fernie
(Fig 15). De spite the lim ited bed rock ex po sure, a large net -
work of for estry roads pro vides ex cel lent ac cess and sev -
eral Cu oc cur rences have been noted. The high po ten tial of
the re gion is re in forced by the ex is tence of large Cu-Ag de -
pos its in Montana. To cap i tal ize on this po ten tial, tar geted
ex plo ra tion meth ods are re quired. The fol low ing list in -
cludes some meth ods that may prove suc cess ful:

• Fo cus ex plo ra tion on strata of the mid dle Creston and
Nicol Creek for ma tions.

• Ac quire high-res o lu tion geo phys ics to trace pro spec -
tive ho ri zons and re dox fronts.

• De ter mine min eral al ter ation as sem blages in or der to
tar get drill pro grams.

• De velop a geo chem i cal da ta base of units to better track 
geo chem i cal anom a lies.

• Uti lize re mote (spec tral?) im ag ing to de ter mine out -
crop lo ca tions.

• Ob tain basal till sam ples for geo chem i cal and heavy
min eral stud ies.

• uti lize new meth ods, such as Mo bile Metal Ion
(MMI)SM geo chem is try.

A fi nal con sid er ation for ex plo ra tion ac tiv i ties is the
pro spec tive size of tar get min er al iza tion. The Troy orebody 
in Montana is ap prox i mately 2300 m (7500 ft.) long, 550 m
(1800 ft.) wide and 25 m (80 ft.) thick (Revett Min er als
Inc., 2007). There fore, the sur face ex pres sion of a sim i lar
sed i ment-hosted Cu de posit is likely to be rel a tively thin,
but should be trace able for a rea son able distance along
strike.
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Eaglet Property Revisited:
Fluorite-Molybdenite Porphyry-Like Hydrothermal System,

East-Central British Columbia (NTS 093A/10W)
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INTRODUCTION

The Ea glet prop erty is lo cated on the north -
ern side of Quesnel Lake, 2.5 km east of the
North Arm (Fig 1) in NTS area 093A/10W. The
iden ti fied min er al ized zones are lo cated north
of Wasko Creek and west of Barrett Creek.
Freeport Re sources Inc. of Van cou ver has
owned the prop erty since 1994 when they
restaked it as the ‘Q claims’.

Ex plo ra tion of the Ea glet de posit be gan in
1946 with the dis cov ery of flu o rite in Barrett
Creek can yon. The prop erty was briefly ex am -
ined by Canex Ae rial Ex plo ra tion in 1966. Be -
tween 1971 and 1985, Ea glet Mines Ltd. con -
ducted a sys tem atic pro gram of trench ing and
di a mond-drill ing, and developed two adits.

Ex plo ra tion ac tiv i ties ceased at Ea glet
when in ter na tional fluorspar prices sud denly
dropped from US$130–210/tonne in 1984 to
US$72–115 in 1985, fol low ing a fall in mo lyb -
de num prices from US$25/ki lo gram in 1980 to
be low US$10 in 1983. Fluorspar and flu o rite
are syn on y mous terms, with flu o rite used more
in sci en tific ter mi nol ogy and fluorspar be ing a
rather tech ni cal term in industrial applications.

Given the cur rent strength of com mod ity
prices, with fluorspar at US$180–280/tonne
(In dus trial Min er als, No. 481, Oc to ber 2007)
and mo lyb de num at US$32.75–34.00/lb of Mo
ox ide (The North ern Miner, No vem ber 26–De -
cem ber 2, 2007), an up date to the pub lic-do -
main geoscience knowl edge of the Ea glet de -
posit was warranted. EXPLORATION OVERVIEW

Min er al iza tion dis cov ered in Barrett Creek can yon
was dis sem i nated flu o rite and mi nor ce lest ite, py rite, ga -
lena, sphalerite and mo lyb de nite. In a 1966 re port, J.M.
McCammon de scribed the dis cov ery zone hostrocks as
quartz-feld spar-mica gneiss in jected with peg ma tite, aplite
and granitic rock.

Ex plo ra tion be tween 1971 and 1985 in cluded 126 sur -
face di a mond-drill holes to tal ling 19 687 m, to gether with 9 
un der ground hor i zon tal di a mond-drill holes (from adit 1)
to tal ling 1525 m (Fig 2). In ad di tion, two adits, no 1 of
292 m and no 2 of 373 m were driven to test the min er al iza -
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Fig ure 1. Lo ca tion of study area, east of the North Arm of Quesnel Lake.



tion un der ground (Fig 3, 4). This pro gram cov ered an area
1500 m long and 900 m wide on a south-fac ing for ested
slope be tween el e va tions of 760 and 915 m. Un for tu nately,
only a small part of the ex plo ra tion work was doc u mented
and is pub licly avail able in As sess ment Re ports 5639, 9515 
and 10447 filed by Ea glet Mines Ltd. The only geo chem i -
cal data avail able from the ex plo ra tion cam paign are in -
com plete CaF2 as says for 120 of drillholes, 9 of which also
have Ag val ues. The pres ence of mo lyb de nite has been only 
briefly men tioned in the George Cross News let ter (1983)
and The North ern Miner (1984). Ac cord ing to in ter nal Ea -
glet Mines Ltd. re ports, a “good qual ity fluorspar con cen -
trate” and a sale able MoS2 con cen trate were ob tained in pi -
lot tests by Kamloops Re search and As say Lab o ra tory Ltd.
In 1985, Ea glet Mines Ltd. con tracted Pe ter Read to map
adit 2 and relog the on-site core with the ob jec tive of con -
duct ing a struc tural anal y sis of the de posit. Un for tu nately,
the pro ject was not com pleted, al though 60 manu script
drillcore logs and a map of adit 2 were pur chased by
Freeport Re sources Inc. (Hora, 2005). Pre lim i nary con clu -
sions of this in com plete struc tural study in di cate that the
Ea glet min eral zones are folded by late, broad, open upright 
folds and are locally truncated by faults (P. Read, pers.
comm., in Pell, 1992).

When Freeport took con trol of the de posit in 1994, a
va ri ety of pulp sam ples were stored in side a shed on the
prop erty. These in cluded 189 sam ples from the 1983 di a -
mond-drill ing pro gram (holes 83 to 104) and 632 sam ples
of ‘ribs’ and ‘rounds’ from adit 2. The di a mond-drill hole
sam ples were sent by Freeport for reanalysis of 31 el e ments 
by in duc tively cou pled plasma – mass spec trom e try (ICP-
MS) and CaF2 by wet chem is try (Hora, 2005), and the sam -
ples from adit 2 for 34 el e ments by ICP-MS. In 2005,
Freeport also tested sam ples con tain ing vis i ble mo lyb de -
nite, col lected from the adit 2 muck piles (Fig 5) to doc u -
ment pro cess ing suit abil ity of this min er al iza tion type
(B. Clark, pers comm, 2005).

GEOLOGICAL SETTING

The Ea glet de posit is lo cated within Early Mis sis sip -
pian Quesnel Lake gra nitic orthogneiss (Okulitch, 1985) at
its con tact with Late Pro tero zoic bi o tite-gar net metapelite
of the Snow shoe Group (Struik, 1983). Along its struc tur -
ally mod i fied in tru sive north ern con tact are abun dant xe no -
liths of gar net-bi o tite metapelite and gar net am phi bo lite.
The de posit area is cov ered by a con tin u ous blan ket of
over bur den, which var ies in thick ness from 1.2 to 33.2 m
(av er ag ing 11.3 m), as doc u mented from 63 drillhole logs
(Hora, 2005). How ever, con tact re la tion ships ex posed in
the Barrett Creek can yon show an east erly strike and
shallow northerly dip (Pell, 1992).

Orthogneiss com po si tion ranges from diorite to gran -
ite to syenite (Ferri et al., 1999). The U-Pb zir con
geochronometry in di cates an age be tween 375 and 335 Ma
(Mortensen et al., 1987). Ea glet min er al iza tion is within the 
East Quesnel Lake gneiss fa cies (Fig 4, 6, 7). This fa cies
dis plays I-type at trib utes with in di ca tions of some as sim i la -
tion of con ti nen tal ma te rial. Most geo chem i cal char ac ter is -
tics of the East fa cies point to magma gen e sis within an arc
set ting, but its or i gins are not fully un der stood (Ferri et al.,
1999). Some au thors have ar gued that char ac ter is tics of at
least parts of the East Quesnel Lake gneiss are con sis tent
with a within-plate or anorogenic setting (Montgomery and 
Ross, 1989).

Any geo chem i cal dis crim i na tion of Quesnel Lake
gneiss near the Ea glet de posit must con sider the af fects of
al ter ation. The salmon pink col our of gneiss blocks found
on muck piles from adits 1 and 2 and in most of the drillcore
points to wide spread potassic al ter ation and ma jor-el e ment
mo bil ity. In par tic u lar, any tec tonic dis crim i na tion based
upon the highly mo bile large-ion lithophile el e ments, such
as K, Rb, Sr and Ba, is suspect.

PETROGRAPHY, MINERALOGY AND
CHEMISTRY

Min er al ogy was in ves ti gated us ing op ti cal mi cros -
copy, X-ray pow der diffractometry and elec tron
microprobe microanalytical tech niques at the In sti tute of
Ge ol ogy, Acad emy of Sci ences of the Czech Re pub lic in
Prague. Un less spe cif i cally noted, an a lyt i cal data and ta -
bles are part of this study.

Microanalytical and X-Ray Diffraction
Methods

Microanalytical anal y ses were made on pol ished sec -
tions with a CAMECA SX-100 elec tron microprobe us ing
the wave length dispersive tech nique. The beam di am e ter
was 2ìm with an ac cel er at ing po ten tial of 15 kV. A beam
cur rent of 10 nA was mea sured on a Far a day cup. A count -
ing time of 10 s was used for all el e ments. The stan dards
em ployed were syn thetic SiO2, TiO2, Al2O3, Fe2O3 and
MgO, and nat u ral jadeite, leu cite, ap a tite, di op side, spinel
and bar ite. The data were re duced us ing the Ö (ñæ) Merlet
cor rec tion.

Min eral phases were also iden ti fied by X-ray pow der
dif frac tion (XRD), us ing a Phillips X´Pert APD that em -
ploys CuKá ra di a tion and graph ite mono chro ma tor. Scan -
ning speed was set to 1º/min, gen er a tor volt age to 40 kV
and current to 40 mA.

The ICP-MS an a lyt i cal re sults were pro vided by Van -
cou ver lab o ra to ries Min En Labs, As say ers Can ada and
ACME An a lyt i cal Laboratories Ltd.
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Fig ure 2. Ea glet core stor age fa cil ity in 2007.
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Fig ure 4. Ge ol ogy of the prop erty area (mod i fied af ter Pell, 1992), with faults iden ti fied from airphotos.



Petrography

The dom i nant rock types are salmon pink and light
grey gneiss es, lo cally dis play ing a yel low over print (Fig 7). 
They are fine to me dium grained and com posed of a
sucrosic mix ture of K-feld spar, al bite, quartz and kaolinite
group min er als. The rocks are fre quently so heavily al tered
and recrystallized that their gneissic fab ric is par tially or
en tirely ob scured. Sam ples of the Quesnel Lake gneiss col -
lected in 2007 pres ent a broader range of rock types than
pre vi ously rec og nized: al ka line pyroxenite to leucogranite, 
aplite and gra da tions into metapelitic xenoliths.

Min er al ogy in cludes po ten tially eco nomic min er als
flu o rite, mo lyb de nite and ce lest ite; dom i nant rock-form ing 
min er als microcline, al bite and quartz; and ac ces sory min -
er als rutile, py rite, zir con, sphene, fluorapatite, mag ne tite
and pyrochlore. Sec ond ary min er als re sult ing from low-
tem per a ture hy dro ther mal al ter ation are sid er ite, dis sem i -
nated very fine grained he ma tite, cal cite, dickite, nakrite,
kaolinite 1T with 1Md, and fluorapophyllite.

Fig ures 8 to 11 doc u ment three main stages of phys i cal
and chem i cal changes af fect ing the orthogneiss:

1) Fol low ing sili ci fi ca tion and re gional meta mor phism,
the rocks were sub jected to albitization and then K-
feld spar al ter ation (microcline) and sili ci fi ca tion.

2) In tro duc tion of sul phide min er als (MoS2, PbS and
ZnS) may have oc curred next, then ad di tion of flu o rine 
and de po si tion of the old est gen er a tion of fluorite.

3) A pe riod of cataclasis en sued, fol lowed by car bon ate
al ter ation and ad di tion of mul ti ple gen er a tions of flu o -
rite and ce lest ite. Growth of these min er als was ac com -
pa nied by the al ter ation prod ucts kaolinite, seri cite,
c h l o r i t e  a n d  z e  o  l i t e  m i n  e r  a l s .  S e c  o n d  a r y
fluorapophyllite was iden ti fied by XRD anal y sis.

Dem on strat ing that some min er als are rem nants of an
orig i nal protolith is dif fi cult. Only in a few thin sec tions are
the out lines of the orig i nal min er als vis i ble where they have 
been re placed by microcline and their bound aries en hanced 
by the pres ence of quartz (Fig 9d). Iden ti fi ca tion of re sid ual 
min er als in cor po rated from the orig i nal protolith is less am -
big u ous (Fig 8b, 10c, 10d). The chem i cal com po si tion of
dom i nant min er als, iden ti fied by XRD as microcline and
low al bite, is con sis tent in the sam ples an a lyzed (Fig 12;
Ta ble 1). There fore, we in ter pret these min er als as a prod -
uct of the same large-scale re place ment pro cess. The in ten -
sity of feld spar al ter ation makes distinctions between
original rock types uncertain.

A mica sam ple re cov ered from aplit ic gran ite in ter -
sected in drillhole 43-81 pro vided an age of 127 ±4 Ma
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Fig ure 5. Ae rial view of muck piles from adit 2 as they ap peared in
2007.

Fig ure 6. North west-south east sec tion across the min er al ized
zone, con structed us ing data pro jected from drillholes 33, 67, 58,
1, 45, 93, 50, 51, 57, 77 and 80 (adapted from Ball and Boggaram,
1985). Faults (δ) in ter preted from airphotos.

Fig ure 7. Sam ple of East Quesnel Lake gneiss show ing per va sive
al ter ation, adit 2.
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Fig ure 8. Scan ning elec tron mi cro scope (SEM) pho to mi cro graphs show ing a) brecciated microcline (Kf) re plac ing al bite (NaF), with frac -
tures in microcline filled by quartz (Q) and flu o rite (F); youn gest min er als are ce lest ite (Cs) and a clay min eral of the kaolinite group (Cm); b)
hy dro ther mal quartz (Q) re plac ing microcline (Kf) and en clos ing ap a tite (Ap) and zir con (Zr) with, to the right and up from them, orig i nal ti ta -
nium min eral crys tals al tered to a mix ture of rutile and clay min eral; c) cataclasis of microcline (Kf), which is re plac ing al bite (NaF); inter gra -
nu lar space is filled by sid er ite (Sd) with py rite (Pyr) grains; al bite con tains dis sem i nated grains of cal cite (Ca); d) microcline (Kf) cut by
microveinlets of quartz (Q) and cal cite (Ca); the cal cite is partly en gulfed by ce lest ite, per haps in di cat ing re place ment of cal cite by ce lest ite;
in this sam ple, ex ten sive mats of kaolinite (Cm; type IT) in di cate ad vanced al ter ation; e) rutile crys tals (Ru) en closed by quartz (Q), with
kaolinite (type IT) pen e trat ing both; f) microcline (Kf) re plac ing al bite (Naf), and ce lest ite (Ce), sid er ite (Sd) and a clay min eral of the
kaolinite group (Cn) re plac ing both feld spars along frac tures and grain bound aries.
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Fig ure 9. Scan ning elec tron mi cro scope (SEM) pho to mi cro graphs show ing a) hy dro ther mal quartz (Q) with an ag gre gate of mo lyb de nite
(Mo) flakes; K-feld spar en closed in quartz is struc tur ally dis or dered and is prob a bly a rem nant of the orig i nal rock; the rock is highly al tered,
with nacrite pres ent in ad di tion to kaolinite (Cn); b) crys tal ag gre gates of flu o rite (F) formed at the ex pense of K-feld spar (Kf); elon gate, pris -
matic, highly charged (bright) min eral re plac ing flu o rite is an un iden ti fied min eral with high Y, Ce, La and Nd, prob a bly a car bon ate re lated to 
bastnaesite; c) idiomorphic ce lest ite (Ce) formed at the ex pense of flu o rite (F) and quartz (Q); d) microcline (Kf) re plac ing the orig i nal rock-
form ing min er als; patchy quartz (Q) out lines the bound aries of re placed min er als and ce lest ite (Cs) re places both microcline and quartz; e)
a highly clay-al tered rock spec i men, with the old est min eral be ing microcline (Kf) and later min er als, in or der of paragenesis, be ing quartz
(Q), flu o rite (F) and ce lest ite (Ce), all of them re placed by a dark-col oured clay min eral (Cm); f) cataclastic microcline (Kf) re plac ing al bite
(Naf), with both be ing re placed by cal cite (Ca), flu o rite (F), ce lest ite (Ce) and a clay min eral (prob a bly kaolinite).
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Fig ure 10. Scan ning elec tron mi cro scope (SEM) pho to mi cro graphs show ing a) rem nants of quartz (Q) and flu o rite (F) within ce lest ite (Ce),
with ap a tite (Ap) grains be ing the only re sid ual min er als from the orig i nal protolith; b) quartz (Q) be ing re placed by flu o rite (F), with ce lest ite
(Ce) re plac ing both; c) that the protolith in this sam ple was prob a bly an al ka line in tru sive, as in di cated by rem nants of orig i nal pyroxene (Py)
of aegirine-augite com po si tion; al bite (Naf) grain is en closed by the pyroxene and both are re placed by microcline (Kf); d) the same protolith
as in 10c; aegirine-augite is as so ci ated with mag ne tite (Mg), sphene (Ti) and cal cite (Ca), and late microcline re places all ig ne ous min er als;
e) a quartz (Q) – cal cite(Ca) vein with ga lena (Ga), the ga lena re plac ing both microcline (Kf) and al bite (Naf); f) col our-en hanced el e ment
map ping in a back scat ter pho to mi cro graph; microcline is yel low, flu o rite is red, sid er ite is pale green and kaolinite is dark green.



(Pell, 1992), which is within the range of Cre ta ceous stocks
and dikes with Mo min er al iza tion in the Quesnel and
Kootenay ter ranes else where. A less re li able fis sion-track
date on flu o rite from adit 1 sug gests an age of for ma tion of
104.6 Ma (Pell, 1992), which is within the same general
range.

Al kali feld spars are the dom i nant min er als of the
hostrocks on the Ea glet prop erty. Microcline in anhedral
grains with ev i dence of cataclasis (Fig 8a, 10f) makes up al -
most 50% of the rocks. It of ten shows un du la tory ex tinc -
tion. Pre served sil ica rims on orig i nal min eral com po nents
com monly out line the grain bound aries within the orig i nal
protolith (Fig 9d). The X-ray dif frac tion di a grams of
microcline con firm its or dered struc tural state close to the
pure the o ret i cal com po si tion. Chem i cal com po si tion cor re -
sponds with very high pu rity KAlSi3O8 (orthoclase (Or);
Fig 12; Ta ble 1), with only low con tent of the al bite (Ab;
max. 4.7%) and celsian (Ca; BaAl2Si2O8; max. 0.5%)
components.

Al bite in sam ples from the Ea glet prop erty is
intergrown with quartz, the sec ond most abun dant min eral.
Petrographic iden ti fi ca tion of low al bite based on
polysynthetic and carlsbad-al bite twinning was con firmed
by XRD. The crys tal li za tion of al bite pre ceded for ma tion
of microcline (Fig 8c, 8f). Chem i cal com po si tion (Ta ble 1;
Fig 12) cor re sponds to very pure al bite (Ab; NaAlSi3O8),
with only 1.3% Or com po nent and a negligible (0.4%) An
content.

Chondrite-nor mal ized rare earth el e ment (REE) abun -
dance pat terns for all four sam ples an a lyzed are en riched in
light rare earth el e ments (LREE). The LREE pat tern is
marked by a high La/SmN ra tio (up to ~180, av er age ~140),
while the con tent of heavy rare earth el e ments (HREE) is
low but vari able (Gd/LuN = ~1 on av er age). All of the an a -
lyzed sam ples have dis tinctly pos i tive Eu anom a lies (Fig
13; Ta ble 2). The sam ples se lected for REE anal y sis are
from min er al ized zones high in Sr (>10 000 ppm).

Quartz is pres ent in sev eral min eral as so ci a tions and
sev eral gen er a tions that are tex tur ally in dis tin guish able
from each other. The dom i nant is quartz of hy dro ther mal
or i gin (Fig 14). Other typ i cal prod ucts of low-tem per a ture
hy dro ther mal al ter ation are sid er ite (Fig 8c), cal cite
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Fig ure 11. Scan ning elec tron mi cro scope (SEM) pho to mi cro graph show ing a) ce lest ite crys tals in vugs of car bon ate-al tered rock; b) ag gre -
gates of pyrochlore (Pch) crys tals and zir con (Zr) grains en closed in microcline (Kf) ma trix, with the mar gins of both microcline and
pyrochlore cor roded and re placed by kaolinite (Cm); bright white in clu sions in the pyrochlore are prob a bly uraninite (U).

Fig ure 12. Feld spar min er als from the Ea glet prop erty plot ted on an 
orthoclase-al bite-an or thite ter nary di a gram with ex panded
orthoclase and al bite api ces.



(Fig 9f) and clay min er als of the kaolinite group: kaolinite,
dickite and nacrite (Fig 8a, 8d, 9a, 9e, 11b).

Mag ne tite is the most com mon ac ces sory min eral,
form ing euhedral to anhedral crys tals (Fig 10d). The Fe3O4

com po nent (87.9–99.0%) is dom i nant over the il men ite
(Mg2TiO4) ad mix ture (up to 10.2%). The geikielite
(MgTiO3) com po nent is mi nor (up to 1.3%).

Mus co vite is an other com mon ac ces sory in rocks on
the Ea glet prop erty (Ta ble 1). Its vol ume is vari able, lo cally

reach ing sev eral per cent. A ge net i cally im por tant ac ces -
sory is zinnwaldite, found in centi metre-wide greisen
veinlets. Its pres ence was confirmed by XRD.

Other com mon ac ces sory min er als are rutile (Fig
8b, 8e), sphene (Ta ble 1; Fig 8b, 8e, 10d), fluorapatite (Fig
8b, 10a), py rite (Fig 8c) and pyrochlore. Pyrochlore com -
monly oc curs as in di vid ual grains and crys tal ag gre gates
(Fig 11b; Ta ble 3). Pyrochlore, pres ent lo cally in amounts
up to sev eral vol ume per cent, is found in as so ci a tion with
microcline, zir con, py rite and clay min er als of the kaolinite
group. Ac ces sory zir con (Fig 8b, 11b), sphalerite and
galena (Fig 10e) are rare.

Ir reg u lar zones of dark bands within al tered East
Quesnel Lake gneiss are highly al tered am phi bo lite, gar net
am phi bo lite and pyroxene-bear ing rock. Aegirine-augite
can en close euhedral al bite crys tals and is found in as so ci a -
tion with microcline, al bite, cal cite, sphene and mag ne tite
(Fig 10c, 10d, 15; Table 1).

Economic Minerals

Un til now, Ea glet had been con sid ered a fluorspar
prop erty. In out crops along Barrett Creek, flu o rite show -
ings have been de scribed as dis sem i nated grains, veinlets
and scat tered veins up to 15 cm thick, and as pods and ir reg -
u lar masses 15 to 20 cm wide (McCammon, 1966).
Fluorspar min er al iza tion also crops out in sparse ex po sures 
for a dis tance of 400 m west ward from Barrett Creek can -
yon and again on the lakeshore, 1600 m fur ther west. Af ter
an ini tial search for mas sive veins was un suc cess ful, ex plo -
ra tion work tar geted lower grade feldspathic zones with
flu o rite im preg na tions and a stockwork char ac ter (Fig 6,
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 Rutile

SiO2 64.09 64.49 64.88 68.88 68.33 68.36 98.62 98.80 99.77 30.61 30.22 0.41

TiO2 0.00 0.01 0.04 0.00 0.06 0.01 0.66 0.80 0.03 31.56 33.71 89.16

Al2O3 17.78 18.29 18.06 19.07 19.34 19.66 0.00 0.00 0.92 1.73 1.19 0.00

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.01 0.00 0.01 0.00 0.00

MnO       0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.12 0.00 0.13 0.26 0.00
FeO 0.23 0.13 0.15 0.16 0.65 0.22 0.00 0.00 0.00 2.01 1.59 2.31
MgO 0.00 0.00 0.00 0.04 0.03 0.00 0.03 0.02 0.00 0.00 0.31 0.00
CaO 0.01 0.01 0.00 0.09 0.04 0.06 0.00 0.03 0.03 26.45 27.13 0.18
BaO 0.23 0.13 0.06 0.00 0.10 0.00 0.04 0.01 0.00 0.00 0.00 0.00

Na2O 0.41 0.54 0.70 11.57 11.73 11.73 0.00 0.00 0.04 0.00 0.31 0.00

K2O 16.65 16.54 16.37 0.17 0.12 0.16 0.00 0.02 0.06 0.04 0.01 0.05

Total 99.42 100.14 100.26 100.00 100.39 100.20 99.41 99.81 99.85 92.54 94.46 92.11

Kaolinite

SiO2 1.18 0.06 52.49 51.83 1.11 0.15 0.28 0.03 47.95 45.46 45.33 45.9

TiO2 0.11 0.01 0.04 0.05 0.00 0.00 0.01 0.00 0.03 0.16 0.20 0.23

Al2O3 1.07 0.00 1.58 0.95 0.57 0.11 0.00 0.00 37.85 32.77 33.43 33.28

Cr2O3 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.04

MnO       0.00 0.04 2.75 1.77 0.79 1.03 0.15 0.51 0.07 0.13 0.06 0.14
FeO 83.04 89.28 16.08 23.12 50.3 50.44 0.16 1.73 0.19 5.17 5.16 5.12
MgO 0.12 0.00 5.92 4.31 5.05 4.31 0.00 0.04 0.07 0.55 0.44 0.47
CaO 0.45 0.05 14.15 10.91 1.66 1.83 54.48 54.34 0.00 0.00 0.01 0.00
BaO 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.12 0.02 0.00

Na2O 0.08 0.00 5.92 7.79 0.09 0.22 0.17 0.03 0.03 0.35 0.34 0.32

K2O 0.04 0.00 0.01 0.02 0.06 0.01 0.02 0.03 0.00 10.54 10.55 10.38

Total 86.16 89.43 99.13 99.47 59.63 58.13 55.26 56.74 86.19 95.26 95.58 95.89

Calcite MuscoviteAegirine-augite

Microcline Albite Quartz

SideriteMagnetite

Sphene

TABLE 1. GEOCHEMISTRY OF TYPICAL ROCK-FORMING MINERALS IN EAST QUESNEL LAKE GNEISS FROM THE EAGLET
PROPERTY.

Fig ure 13. Chondrite-nor mal ized rare earth el e ment pat tern of
East Quesnel Lake gneiss, Ea glet prop erty.



14, 16). Late dis cov ery of mo lyb de nite in adit 2 has not
been fol lowed up by work to out line its dis tri bu tion within
the de posit. In 2007, the au thors also found mo lyb de nite in
a rock pile out side adit 1. Mo lyb de nite is fre quently but ran -
domly pres ent along slickenside and gneissosity planes as

groups of flakes sev eral centi metres in size (Fig 17). Mo -
lyb de nite also oc curs within quartz veinlets and as grains
within cross cut ting veinlets of flu o rite (Fig 9a). The X-ray
dif frac tion anal y sis of a lab o ra tory-scale con cen tra tion test
sam ple iden ti fied two forms of MoS2, the 3R and 2H, in rel -
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Sample Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

B 110303 26.3 124.5 212.1 14.0 14.5 2.2 1.6 2.5 1.4 2.6 1.2 10.1 3.3 1.2
B 110313 4.8 45.2 79.9 5.7 5.5 1.6 0.5 1.3 1.0 4.3 0.6 0.3
B 110315 26.4 11.0 22.0 0.5 4.9 0.4 1.3 0.3 0.6 1.4 0.3
B 110316 7.9 41.2 73.8 4.4 7.2 1.6 0.6 1.5 0.6 4.4 0.8 0.2
B 110320 44.5 105.1 243.3 16.3 31.6 10.4 3.9 6.5 2.0 4.3 1.8 14.9 5.9 1.3

S92-502 18.4 35.8 62.5 4.4 5.7 1.2 2.2 0.2 0.8 1.5 0.3
S93-520 21.7 37.3 54.8 5.0 4.6 1.3 2.3 1.3 1.8 0.5
S97-562 27.7 206.3 449.4 18.8 24.0 0.9 3.1 3.1 0.6 1.2 0.4 16.5 0.3 2.3 0.7
S98-585 22.1 103.1 173.4 10.2 12.6 1.5 2.1 2.2 1.9 0.5

S102-854 23.1 64.5 109.5 6.4 11.8 1.9 1.9 2.7 0.4 1.5 0.5 4.6 2.2 0.5

TABLE 2. RARE EARTH ELEMENT ANALYSES OF EAST QUESNEL LAKE GNEISS HIGHLY ALTERED ZONE, EAGLET
PROPERTY. ANALYSES BY ACME ANALYTICAL LABORATORIES LTD.

Fig ure 14. Sam ple of ‘BQ’ drillcore show ing an early
gen er a tion of flu o rite (Fl) frac tured and ce mented by
quartz (Qtz).

QL A6 QL A6 QL C10 Ql C10

ThO2 0.36 0.31

TiO2 8.73 8.49 8.59 8.74

ZrO2 0.00

Nb2O5 55.53 56.01 56.18 57.52

Ta2O5 1.28 1.25 1.19 1.25

U2O5 15.42 15.85 15.45 15.59

Ce2O3 0.00

La2O3 0.00

MnO 0.36 0.06 0.16 0.26
FeO 1.98 2.48 3.14 2.08

CaO 6.58 5.67 3.69 5.34

Total 89.88 89.81 89.04 91.11

TABLE 3. ANALYSES OF PYROCHLORE,
EAGLET PROPERTY.

Fig ure 15. Pyroxene from East Quesnel Lake gneiss on the Ea glet
prop erty plot ted on wollastonite/en sta tite/ferrosilite (WEF) –
jadeite (Jd) – aegerine/ac mite (Ac) di a gram (af ter Morimoto,1988).

Fig ure 16. Min er al ized brec cia in adit 2 of the Ea glet prop erty,
show ing patchy pur ple flu o rite, flesh-col oured veins of K-feld spar,
white ce lest ite and blue-grey si lici fied zones.



a tively sim i lar amounts (Ta ble 4). The wide spread pres -
ence of ce lest ite in the de posit is un usual. It is com monly
found with flu o rite and cal cite (Fig 11a) and, in some sam -
ples, ce lest ite is more common than fluorite (Fig 9c,
9f, 10a). It replaces both fluorite and calcite (Fig 8d,
10f, 18).

The chem i cal com po si tion of flu o rite and ce lest ite, as
de ter mined by elec trode microprobe microanalysis, is
shown in Ta ble 5. Flu o rite is very pure, with only 0.25%
SrO, ir re spec tive of which of sev eral gen er a tions of flu o rite 
is an a lyzed. The dark pur ple col our def i nitely rep re sents a
very early flu o rite phase. Ce lest ite ex hib its zon ing of Sr,
with an in crease from grain cen tres to the rims (Ba con tent
de creases). Im pu ri ties in mo lyb de nite within the min eral
phases an a lyzed by microprobe are below the detection
limits of the instrument.

The wide spread as so ci a tion of flu o rite with feld spar-
al tered zones at the Ea glet prop erty may sug gest a mag -
matic source for the flu o rine com po nent. Spe cial ized mag -
mas with el e vated flu o rine are usu ally ‘dry’, and flu o rine
mi grates from the protolith into the melt only at higher tem -
per a tures in the late stages of protolith melt ing. It may ac cu -
mu late in the re sid ual melt, low er ing the tem per a ture of the

gran ite sol i dus to 600–650ºC and grad u ally de vel op ing
into postmagmatic flu ids. Exsolved flu o rine-rich flu ids
may mi grate along steep frac ture sys tems into over ly ing
rocks. In a fa vour able en vi ron ment, such as a cata -
clastically de formed feldspathic host, the flu ids may re act
with the host and re sult in flu o rite flood ing. A sim i lar pro -
cess has been de scribed from tin-bear ing met al lo gen ic
provinces (Tischendorf and Förster, 1990, 1994; Štemprok, 
1993).

Min er al ized zones at Ea glet can at tain thick nesses of
up to 30 m (Fig 6). Past ex plo ra tion ef forts at Ea glet have
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Fig ure 17. Sam ple of coarse-grained mo lyb de nite from adit 2, Ea -
glet prop erty.

Mineral name Chemical formula 
Approx. 

wt % 

Molybdenite(1) MoS2 33

Molybdenite(2) MoS2 22
Quartz SiO2 10
Fluorite CaF2 <5 
Calcite CaCO3 <5 
K-feldspar KAlSi3O8 <5 
Talc Mg3Si4O10(OH)2 <10 
Kaolinite Al2Si2O5(OH)4 <10 
Pyrophyllite Al2Si4O10(OH)2 <5? 
Sepiolite Mg4Si6O15(OH)2.6H2O <10?       
Unidentified' ? <5         
(1) '3R' type; also called 'rhombohedral type'
(2) '2H' type; also called 'hexagonal type'

TABLE 4. MINERAL COMPOSITION OF
MOLYBDENITE CONCENTRATE, EAGLET

PROPERTY. ANALYSES BY THE MINERAL LAB,
INC.

Fig ure 18. Typ i cal flu o rite (Fl) – ce lest ite (Cls) – quartz (Qtz) min er -
al iza tion from adit 2, Ea glet prop erty. Sam ple is 5 cm across.

gr v v gr v

SiO2 0.03 0.01 0.01 0.00 0.01

Al2O3 0.01 0.00 0.00 0.00 0.00

MnO 0.00 0.02 0.06 0.00 0.00
FeO 0.02 0.03 0.01 0.00 0.00
CaO 52.30 51.34 51.61 52.95 51.81
BaO 0.00 0.00 0.01 0.00 0.00
SrO 0.17 0.25 0.02 0.23 0.01

SO4 0.00 0.00 0.00 0.00 0.01

F 47.67 47.19 47.40 48.06 47.14

ThO2 0.01 0.02 0.06

Total 100.24 99.02 99.24 101.33 98.98

gr gr lgr core lgr rim lgr core

MnO 0.00 0.00 0.06 0.05 0.00
FeO 0.07 0.02 0.07 0.01 0.01
CaO 1.21 1.13 0.05 0.12 0.17
BaO 6.36 6.59 2.75 8.57 3.96
SrO 48.81 48.16 54.08 48.11 51.97

Ce2O3 0.38 0.27 0.26 0.22 0.23

F 0.06 0.00 0.00 0.01 0.00

SO4 43.42 43.17 43.58 42.41 42.98

Total 100.44 99.36 100.86 99.50 99.35

Fluorite

Abbreviations: gr, individual grains; v, fluorite in veinlets >1 mm

Celestite

Abbreviations: gr, small grain <1mm ; lgr, larger grain >1 mm

TABLE 5. CHEMICAL COMPOSITION OF FLUORITE AND
CELESTITE, EAGLET PROPERTY.



out lined eight such zones, four of them de scribed as ‘main
zones’ (Ball and Boggaram, 1985). The spe cial as so ci a tion
of higher grade flu o rite ac cu mu la tions with feldspathic
zones should not be con sid ered a ge netic af fil i a tion (Pivec,
1973). The source of Sr is dis put able; how ever, it is most
likely the re sult of late to postmagmatic flu ids pen e trat ing
the Snow shoe Group. Such en rich ment is not com mon, but
it has been de scribed at other lo cal i ties, such as the
Beauvoir gran ite in France (Raimboult and Azencott,
1987) and the Ghost Lake batholith in On tario (Breaks and
Moore, 1992). Five more fis sure ce lest ite lo cal i ties in
Canada have been listed by Dawson (1985).

Discussion

A large num ber of ICP-MS an a lyt i cal re sults from
drillcore and adit 2 sam ples can be used to dem on strate el e -
ment as so ci a tions (or lack thereof) at Ea glet (Hora, 2005).
Some pre vi ous re ports, such as Ball and Boggaram (1985),
men tioned the pres ence of schee lite and wolf ram ite in the
de posit. This was not con firmed by our study, and tung sten
is prac ti cally ab sent in all lab o ra tory re sults. How ever, un -
der UV light, some va ri et ies of ap a tite, which is very com -
mon at the prop erty, have flu o res cence sim i lar to that of
schee lite, and the two can eas ily be con fused. Tin is also im -
pov er ished within the an a lyt i cal dataset. Lith ium is fre -
quently slightly el e vated (in the low tens of ppm range).
The wide spread pres ence of Sr, fre quently in quan ti ties
over 1%, is sur pris ing. Only a small set of five sam ples was
an a lyzed for Nb; all of them had con cen tra tions rang ing
from tens of ppm to 857 ppm. Lead and zinc are usu ally el e -
vated in the same sam ples, mainly in the tens of ppm and
only occasionally in the hundreds of ppm (Hora, 2005).

Ap prox i mately 25% of sam ples col lected from 13
drillcores from the 1983 ex plo ra tion pro gram have Mo con -
cen tra tions rang ing from the high tens of ppm to 270 ppm.
The high val ues were found in sam ples from drillholes 93,
11, 96, 99, 102 and 103 (Hora, 2005). Sam ples col lected
from the walls and roof of adit 2, which was driven into the
same gen eral area of min er al iza tion, have con sid er ably
higher Mo val ues: more than 15% of 562 sam ples con tain
be tween 100 ppm and 1143 ppm Mo. In par tic u lar, adit sec -
tions from 240 to 297 m and from 324 to 369 m have con sis -
tently high Mo val ues within this range (B. Clark, pers
comm, 2007). Such a dif fer ence leads to the ques tion of
whether a large vol ume of sam ples from ‘ribs’ and
‘rounds’, col lected dur ing the driv ing of the adit, gives a
more rep re sen ta tive result than a sample of ‘BQ’ drillcore.

There are sim i lar i ties in min er al ogy and geo chem is try,
such as the pres ence of potassic al ter ation, fluorspar, mo -
lyb de nite, ce lest ite and REE min er als, be tween the Ea glet
prop erty and the well-known Rexpar prop erty (MINFILE
082M  007; Pell, 1992). The pres ence of pyrochlore with
flu o rite in a gra nitic host is also known from the Up per Cre -
ta ceous Horsethief batholith, south of Golden (Reesor,
1973).

SUMMARY

Min er al iza tion at the Ea glet prop erty is in ter preted as
the prod uct of two su per im posed hy dro ther mal events.
Early, per va sive, alkalic feld spar al ter ation was the prod uct
of an al kali so dium and suc ces sive po tas sium-bear ing hy -
dro ther mal event. These flu ids may have orig i nated from a
deep-seated, well-dif fer en ti ated in tru sive body. They in -

vaded struc tur ally pre pared East Quesnel Lake ortho -
gneiss, per haps fo cused on the north flank of the lo cal
struc tural cul mi na tion. Ex ten sive feld spar al ter ation
embrittled the gneissic host rocks. Sub se quent de for ma tion 
of the East Quesnel Lake gneiss re sulted in brit tle dilatancy
within the feld spar al ter ation zones (ver sus more duc tile,
un al tered quartz-rich gneiss), thereby form ing zones sus -
cep ti ble to per co la tion by hy dro ther mal flu ids (Fig 6). Suc -
ces sive hy dro ther mal ac tiv ity con trib uted quartz, mo lyb -
de nite, flu o rite, car bon ate min er als, and ce lest ite and other
ac ces sory min er als, such as a pris matic REE carbonate
min eral (Fig 9b). They are in ter preted as prod ucts of ther -
mal-meta mor phic al ter ation above a dif fer en ti ated Early
Cre ta ceous gra nitic body. The large area cov ered by this au -
re ole in di cates a po ten tially sig nif i cant size for this un ex -
posed in tru sion. The high dif fer en ti a tion of such a deep
source is also in di cated by sev eral lam pro phyre and feld -
spar por phyry dikes re ported from adit 1 (Ball and
Boggaram, 1985). Our iden ti fi ca tion of greisen veinlets
with zinnwaldite also sug gests a deeper source of al ka line
el e ments. The sus pected faults, in ter preted from airphotos
(Fig 4, 6), are likely premineral faults with postmineral ac -
tiv ity proposed to explain the distribution of mineralized
zones intersected by drilling, as well as the conduits for
hydrothermal fluids and local displacement.

Ea glet Mines Ltd. re ported an out lined re source of
24 Mt with an av er age grade of 11.5% CaF2, in clud ing 2 Mt
grad ing 15% CaF2 (Ball and Boggaram, 1985). An es ti mate 
of the Mo re source has not yet been attempted.
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Diatomite Resource Assessment in the Quesnel Area,
Central British Columbia (NTS 093B/10E; 093G/2E)

by Z.D.Hora1

KEYWORDS: in dus trial min er als, Ter tiary, Mio cene, lac -
us trine sed i ments, di at o mite

INTRODUCTION

The pres ence of di at o mite in the Quesnel area has been
known since 1877 (Dawson, 1877). Over the years, the di -
at o mite de pos its have been sub jected to a num ber of ex am i -
na tions by both gov ern ment agen cies and in dus try. Some
ex am ples of work are Reinecke (1920), Eardly-Wil mot
(1928), Cummings (1948) and McCammon (1960). In
1963, Godfrey pre pared sev eral un pub lished geo log i cal re -
ports for Pa cific Di at o mite Ltd. of Ed mon ton (Godfrey,
1963), and Visman and Picard (1969) fo cused on a new
pro cess for the ben efi ci ation of Quesnel di at o mite. In 1994, 
Hora and Han cock sam pled di at o mite out crops in the
Quesnel area as part of an in dus trial min er als as sess ment
(Hora and Han cock, 1995). The an a lyt i cal re sults that fol -
lowed this as sess ment pro vide the ba sis for this pa per. In
the west ern United States, sim i lar de pos its were sub ject to
ex ten sive pro cess ing stud ies by the United States Bu reau of 
Mines (Skin ner et al., 1944) before being developed by the
industry into high-value products.

HISTORY OF DIATOMITE
DEVELOPMENT IN THE QUESNEL
AREA

From 1937 un til 1969, Fairey and Cunliff, later Fairey
and Co. Ltd. of Van cou ver, used the di at o mite from
Quesnel (Lot 6182 north of Quesnel air port) for in su la tion,
ce ramic prod ucts and pozzolanic ce ment admixtures.

Con sid er able ef fort was ex pended be tween 1938 and
1942 to de velop the di at o mite from the Buck Ridge area
south of Quesnel. Work was ini ti ated by the owner, P.G.
Lepetich, with the as sis tance of the BC Min is try of En ergy,
Mines and Pe tro leum Re sources with the goal of pro duc ing
di at o mite suit able for min eral fill ers and fil tra tion prod ucts, 
but without any success.

In 1963, Crownite Di a toms Ltd. of Cal gary be gan de -
vel op ment of a pit on the west ern edge of Quesnel (Lot 906) 
and con struc tion of a pro cess ing plant near the con flu ence
of the Fra ser and Quesnel rivers. Their main prod ucts were
in dus trial and do mes tic absorbents and anti-cak ing agents

for fer til izer pel lets. In 1982, the plant was re lo cated ad ja -
cent to the pit site and op er ated briefly un der the name
Microsil In dus trial Min er als Ltd. Com pe ti tion from West -
ern Clay Prod ucts of Kamloops and an in ad e quate mar ket -
ing strat egy were two fac tors that con trib uted to the closure
of the Quesnel plant and pit in 1984.

Dur ing the 1990s, reg u lar ship ments of di at o mite were
made from a pit opened on Lot 1615 in the Buck Ridge area
by Clayburn In dus tries Ltd. (Fig 1). Clayburn, based in
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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 BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
cat_fldwk.htm Fig ure 1. Lo ca tion map of the study area.



Abbotsford, BC, shipped small quan ti ties of di at o mite from 
the pit to its plant to man u fac ture sev eral grades of in su la -
tion bricks for sev eral years be tween 1990 and 1998. More
eco nom i cal di at o mite im ports from the United States was
one of the fac tors that con trib uted to the dis con tinu a tion of
this small-scale min ing op er a tion. At pres ent, both pits on
Lots 906 and 1615 are recontoured and reclaimed.

DIATOMITE DEPOSITS

Geology

Quesnel di at o mite has been de scribed as the Crownite
For ma tion (Rouse and Mathews, 1979). It is a hor i zon tal
layer of diatomaceous earth, ap prox i mately 12 m thick, of
Mid dle to Late Mio cene age, be tween 13 and 8 Ma. Di a tom
spe cies con tained within in clude Melosira pancipunctata,
Melosira granulata, Melositra undulata, Fragilaria
virescense, Cascinodiscus punctuatus and Eurinella sp,
which were iden ti fied by Rouse (1959).

The Crownite For ma tion is the youn gest of the Mio -
cene sed i men tary units in the area and is un der lain by the
Fra ser Bend For ma tion (Rouse and Matthews, 1979). Fra -
ser Bend sed i men tary rocks con sist of mostly gravel in the
lower 50 m and al ter nat ing sand, silt, clay and fine gravel in
the upper 90 m.

The Crownite For ma tion is over lain by the Chil cotin
ba salt of the Late Mio cene. The ba salt forms a solid cap to
many di at o mite sec tions be tween the town of Quesnel and
the Al ex an dria ferry, ~50 km to the south. Co lum nar joint -
ing, pil low lava and palagonite brec cia are com mon fea -
tures of the basalt cap.

Di at o mite is found in nu mer ous show ings over the en -
tire dis tance west of the Fra ser River be tween the site of the
orig i nal di at o mite dis cov ery on the Black wa ter River
(Lot 1469, south east cor ner; Dawson, 1877) and the Al ex -
an dria ferry (Fig 1). Most are mi nor ex po sures in roadcuts,
gul lies, slide scarps and an i mal bur rows. The best ex po -
sures are in the ar eas of Big Bend, the Crownite pit on
Lot 906 and the Clayburn pit on Lot 1615.

Di at o mite beds are not uni form in ap pear ance. Some of 
the lay ers are mas sive, while oth ers are bro ken into small
an gu lar frag ments 5 to 10 cm in size. The col our is gen er -
ally pale beige to white, with var i ous darker and lighter
shades. Nei ther frac ture den sity nor col our seem to cor re -
late with chem i cal com po si tion. There is a rusty weath er -
ing, harder and denser bed about 20 cm thick in ap prox i -
mately the mid dle of the unit, iden ti fied by McCammon
(1960) as pumicite with some di a toms and silt. This layer
has been found in a num ber of sites in the Quesnel area and
may be con sid ered a marker ho ri zon rep re sent ing a vol ca -
nic event that oc curred during the deposition of the
Crownite Formation.

Re ported an a lyt i cal data from grab sam ples dur ing
pre vi ous stud ies in di cate that di a toms con sti tute some 75 to 
80% of un pro cessed diatomaceous earth. Be tween 7 and
11% of the sam ples is Al2O3, which is due to the pres ence of 
clay and vol ca nic ash (McCammon, 1960). Be cause of
such vari abil ity in im pu ri ties, se lec tive min ing may be nec -
es sary. If so, Al2O3 dis tri bu tion must be de ter mined; there -
fore, avail able ex po sures were sys tem at i cally chan nel sam -
pled over all ac ces si ble thick nesses. Three sites were
avail able for such sam pling: nat u ral ex po sures in the Big
Bend area, the Crownite pit and the Clayburn pit. Sam ples

were col lected from ham mer and shovel-cut chan nels in
50 cm seg ments from beds with uni form ap pear ance, or in
shorter seg ments in the cases of sudden changes in colour
or density of the sediment.

The en tire Mio cene se quence has been sub jected to ex -
ten sive grav i ta tional block slid ing that is best ob served on
the west ern side of the Fra ser River be tween Big Bend and
Al ex an dria. The di at o mite ex po sures have been mildly dis -
turbed, ap par ently by mo tion on ex ten sive fault blocks,
many of which af fect the whole Mio cene sed i men tary se -
quence and are pres ently ac tive. Some slide blocks, par tic u -
larly in the area be tween Narcosli Creek and Fra ser River
south of Quesnel, are sev eral kilo metres in length and up to
300 m wide. The ver ti cal dis place ment of in di vid ual
blocks, as ob served from re cently ac tive scarps, has been
from 1 to 2 m, up to more than 10 m. The di at o mite has,
there fore, been ex posed at dif fer ent el e va tions, lead ing to
greatly over es ti mated thick nesses in the past. It is ap par ent
that prac ti cally the en tire area is en com passed by a mas sive
slide zone par al lel to the river. Al though the slide blocks
show signs of be ing re cently ac tive, many farm build ings
and res i dences con structed on them do not ap pear to have
foun da tion prob lems. The slides, which prob a bly de vel -
oped within the last 10 000 years, are now in equi lib rium
with the ero sive forces of the river and grav ity forces of the
soil mass within the slide, and with piezometric pres sures
ex ist ing on fail ure sur faces (Hardy et al., 1978). Min ing
activities in both the Crownite and the Clayburn pits do not
precipitate any noticeable instability.

Big Bend

The Big Bend area has the best nat u ral ex po sures of the 
Crownite For ma tion. Be cause of steep slopes as a re sult of
the Fra ser River un der cut ting its west ern bank, the block
slid ing is ad vanced and in di vid ual blocks are rel a tively
small in size. Some blocks slid ing down the steep slope are
only a few metres wide and a few tens to hun dreds metres in
length. Block slid ing is ac tive, as can be ob served by bent
and in clined trees and fresh slumps and scarps. This sit u a -
tion of fers fresh (if some what haz ard ous) ex po sures of di -
at o mite that are ac ces si ble for sam pling. Sam ples were col -
lected in two sec tions rep re sent ing a 7.5 m thick ness of
di at o mite beds. A vol ca nic ash layer was used as a marker to 
cor re late beds in two sep a rate blocks. Sec tion 1 was sam -
pled from the sur face to the top of a 20 cm rusty, hard, dense
vol ca nic ash layer 5 m from the top (Fig 2). In the sec ond
block, sec tion 2 was sam pled for 2.5 m be low the vol ca nic
marker bed (Fig 3). The marker was not sam pled or
analyzed. Analytical results are shown in Tables 1 and 2.

Crownite Pit

The Crownite pit has the larg est ex po sure of di at o mite
beds in the Quesnel area. The pit was de vel oped on Lot 906
at the west ern edge of the city over an area of ap prox i mately 
300 by 600 m with four benches each 7 m high (Fig 4). The
top bench was de vel oped through di at o mite up into an ir -
reg u lar layer of sandy gravel from 10 to 50 cm thick over -
lain by a ba salt cap com posed of up to 150 cm of pil low lava 
in ter spersed with palagonite brec cia. In spite of ex ten sive
bench ing, fresh ex po sures of di at o mite were rather un com -
mon due to 10 years of aban don ment, slough ing and use of
the pit by lo cal all-ter rain ve hi cles and dirt bik ers. There -
fore, the di at o mite had to be sam pled in five dif fer ent seg -
ments to ob tain a com plete com pos ite sec tion. Trac ing the
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marker ho ri zon is dif fi cult. It is prob a ble that sam pling of
some parts of the sec tion was du pli cated, be cause of one or
pos si bly two slump blocks be tween the top and bot tom
benches. Since the sam pling fol lowed the rain wa ter rills
across the benches at ap prox i mately 45° dip, the 15 m of
samples represent approximately 10 m of vertical thickness 
(Fig 5, Table 2).

Clayburn Pit

The Clayburn pit is lo cated in the Buck Ridge area,
Lot 1615, ap prox i mately 30 km south of Quesnel (Fig 1).
The over bur den has been stripped from this pit over an area
of 100 by 100 m and two faces were ex posed across the
north and south part of the stripped area. The north face has
ex posed the di at o mite bed over a thick ness of 7 ver ti cal
metres (Fig 6). From the over all ter rain con fig u ra tion, it is
es ti mated that the north face is be low the marker bed. The
marker bed is ex posed in the south ern face with di at o mite
for 3 m above and 2.5 m be low it (Fig 7). In all Clayburn pit
ex po sures, the di at o mite beds ex hibit fea tures in di cat ing
slump ing and dis place ment, such as bed ding plane de for -
ma tion, frac tures filled with de bris and soil, and an off set of
the marker bed by ap prox i mately 1 ver ti cal metre. A mi nor

scarp along the west ern lim its of Lot 1615, and dis place -
ment of ba salt boul ders, sug gests the pres ence of a block
slide plane. In the mid dle of the south ern face, a shal low,
10 m wide de pres sion in the Crownite For ma tion is infilled
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Fig ure 3. Site of Big Bend Sec tion 2, Quesnel area. A rusty-col -
oured bed in the up per left cor ner is the vol ca nic ash marker bed.

SiO2 TiO2  Al2O3 Fe2O3* MnO MgO CaO Na2O K2O P2O5 LOI Total Ba Cr**

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

50366 BigBnd-1-0 69.48 0.41 11.74 4.29 0.03 1.06 0.58 0.36 0.88 0.05 10.53 99.47 495 94 Section 1  0.0� 5.0 m

50367 BigBnd-1-0.5 70.94 0.4 10.93 3.97 0.02 1.06 0.5 0.33 0.87 0.05 10.24 99.37 466 107

50368 BigBnd-1-1.0 70.46 0.5 10.45 3.94 0.05 0.97 0.48 0.29 0.75 0.05 10.67 98.66 399 79

50369 BigBnd-1-1.5 65.41 0.41 12.15 4.35 0.03 1.02 0.59 0.33 0.8 0.05 14.35 99.54 438 105

50370 BigBnd-1-2.0 68.72 0.58 10.76 3.79 0.05 0.94 0.51 0.28 0.81 0.05 12.04 98.58 417 73

50372 BigBnd-1-2.5 66.92 0.53 11.55 4.75 0.13 1.02 0.54 0.32 0.91 0.07 12.18 98.97 463 87

50373 BigBnd-1-3.0 58.68 0.34 9.96 11.58 0.6 1 0.61 0.26 0.79 0.13 16 100 433 72

50374 BigBnd-1-3.5 65.98 0.52 11.39 3.73 0.03 1.02 0.47 0.39 0.87 0.06 14.62 99.13 447 83

50375 BigBnd-1-4.0 62.09 0.5 13.32 4.37 0.03 1.06 0.62 0.33 0.89 0.06 15.84 99.16 454 89

50376 BigBnd-1-4.5 38.63 0.35 7.3 29.2 1.07 0.34 0.74 0.65 1.92 0.28 18.29 98.81 393 -10

50377 BigBnd-1-5.0 59.19 0.57 15.9 5 0.04 1.21 0.63 0.36 1.04 0.07 15.33 99.4 519 101

50378 BigBbd-2-0.5 59.95 0.73 16.52 5.22 0.06 1.29 0.53 0.36 1.01 0.07 12.89 98.69 532 104 Section 2  0.0� 3.0 m

50379 BigBnd-2-1.0 60.56 0.73 16.47 4.98 0.03 1.33 0.54 0.38 1.06 0.07 12.76 98.97 545 94

50380 BigBnd-2-1.5 61.52 0.64 15.47 4.94 0.07 1.29 0.55 0.38 1 0.07 13.47 99.5 875 97

50381 BigBnd-2-2.0 61.03 0.58 16.01 5.46 0.07 1.38 0.57 0.41 1.04 0.07 13.11 99.79 526 118

50382 BigBnd-2-2.5 60.77 0.68 15.67 5.61 0.12 1.36 0.53 0.39 1.03 0.07 12.86 99.15 517 93

50383 BigBnd-2-2.5 60.56 0.66 15.48 5.63 0.11 1.38 0.49 0.37 1.02 0.07 13.21 99.04 510 112

Lab No. Field No.

TABLE 1. CHEMICAL COMPOSITIONS OF BIG BEND SAMPLES, QUESNEL AREA, ANALYZED BY X-RAY FLUORESCENCE
(XRF) FROM THE BONDAR AND CLEGG LABORATORY.

Fig ure 2. Site of Big Bend Sec tion 1, Quesnel area.
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SiO2 TiO2  Al2O3 Fe2O3* MnO MgO CaO Na2O K2O P2O5 LOI Total Ba Cr**

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

50384 CR0-0.5 65.31 0.56 12.04 5.3 0.21 1.55 1.41 0.88 0.96 0.16 11.32 99.77 627 104 Section 1  0.0� 8.3 m

50385 CR0.5-1.0 64.32 0.73 12.33 5.27 0.07 1.6 1.49 1.01 0.99 0.15 10.82 98.85 598 123

50386 CR1.0-1.5 64.39 0.62 12.56 4.61 0.03 1.47 0.98 0.64 0.87 0.08 12.72 99.03 523 96

50387 CR1.5-2.0 63.29 0.49 11.84 4.31 0.06 1.34 1.9 0.44 0.75 0.06 14.22 98.76 504 83

50388 CR2.0-2.5 67.82 0.41 10.59 3.97 0.02 1.2 0.63 0.41 0.69 0.05 13.26 99.1 403 83

50389 CR2.5-3.0 67.28 0.49 11.14 4.07 0.02 1.3 0.65 0.44 0.73 0.05 12.91 99.13 422 86

50390 CR3.0-3.5 66.85 0.48 10.61 3.93 0.02 1.23 0.58 0.42 0.78 0.05 14.01 99.03 629 99

50391 STD SY2 59.91 0.18 12.31 6.18 0.32 2.71 8.03 4.36 4.46 0.42 1.19 100.11 415 -10

50392 CR3.5-4.0 68.37 0.41 11.3 4.12 0.02 1.33 0.58 0.44 0.85 0.05 12.56 100.09 460 90

50393 CR4.0-4.5 66.87 0.42 10.69 4.16 0.02 1.29 0.57 0.39 0.81 0.05 13.07 98.41 573 133

50394 CR4.5-5.0 69.09 0.42 10.47 4 0.02 1.25 0.6 0.42 0.76 0.05 11.86 98.99 442 81

50395 CR5.0-5.5 67.47 0.4 10.55 4.06 0.03 1.23 0.59 0.43 0.79 0.05 12.89 98.55 484 79

50396 CR5.5-5.95 68.48 0.37 10.37 3.9 0.06 1.18 0.53 0.35 0.71 0.04 12.79 98.83 399 85

50397 CR5.95-6.3 68.43 0.35 9.99 3.84 0.03 1.14 0.51 0.35 0.72 0.04 13.44 98.89 396 145

50398 CR6.3-7.0 66.97 0.41 10.79 4.16 0.05 1.26 0.58 0.43 0.83 0.05 13.17 98.75 437 110

50399 CR7.0-7.6 67.64 0.4 10.51 4.09 0.02 1.14 0.6 0.44 0.81 0.04 12.99 98.74 485 116

50400 CR7.6-7.8 68.13 0.39 9.1 7.32 0.02 0.87 0.46 0.35 1.26 0.06 10.99 99.05 855 127

50401 CR7.67.8(DU) 67.96 0.42 9.39 7 0.02 0.91 0.47 0.38 1.19 0.06 11.24 99.15 980 112

50402 CR7.8-8.3 68.58 0.41 10.19 3.86 0.02 1.15 0.68 0.47 0.78 0.05 12.86 99.11 468 148

50403 CR2-0.0-0.3 65.12 0.41 11.53 5.85 0.15 1.33 0.8 0.41 0.86 0.1 12.38 99.2 2524 84 Section 2  0.0� 4.0 m

50404 CR2-0.3-0.8 66.23 0.44 12.31 4.71 0.06 1.33 0.67 0.4 0.89 0.06 12.19 99.35 488 97

50405 CR2-0.8-1.3 65.29 0.46 12.9 4.73 0.04 1.36 0.68 0.42 0.9 0.05 12.73 99.61 445 75

50406 CR2-1.3-1.9 66.34 0.42 11.4 5.52 0.12 1.34 0.67 0.38 0.87 0.08 12.19 99.39 503 72

50407 CR2-1.9-2.3 58.16 0.34 9.72 11.92 0.47 1.31 1.86 0.32 0.74 0.9 14.09 99.9 593 68

50408 CR2-2.3-2.8 67.3 0.43 11.07 4.14 0.05 1.21 0.61 0.38 0.81 0.08 13.15 99.28 419 109

50409 CR2-2.8-3.2 68.47 0.42 10.57 3.94 0.05 1.15 0.56 0.36 0.78 0.06 12.76 99.17 425 122

50410 CR2-3.2-3.6 66.88 0.44 11.47 4.15 0.06 1.21 0.79 0.52 0.83 0.09 13.06 99.55 461 85

50411 Std SY2 59.73 0.13 12.27 6.19 0.32 2.69 8.03 4.36 4.52 0.42 1.79 100.49 406 -10

50412 CR2-3.6-4.0 66.6 0.4 11.37 4.35 0.05 1.26 0.65 0.38 0.86 0.12 13.22 99.31 436 82

50413 CR3-0.0-0.5 68.38 0.46 10.76 3.95 0.02 1.13 0.62 0.37 0.8 0.04 12.51 99.09 401 88 Section 3  0.0� 8.0 m

50414 CR3-0.5-1.2 67.53 0.47 10.49 3.89 0.02 1.08 0.62 0.34 0.75 0.04 13.86 99.14 405 76

50415 CR3-1.2-1.5 71.95 0.44 8.54 2.94 0.01 0.89 0.55 0.28 0.7 0.05 12.51 98.92 488 103

50416 CR3-1.5-2.0 71.41 0.41 8.5 3 0.01 0.88 0.57 0.28 0.58 0.04 13.06 98.78 321 72

50417 CR3-2.0-2.5 70.25 0.36 9.96 3.78 0.02 1.01 0.69 0.39 0.7 0.04 12.32 99.57 373 107

50418 CR3-2.5-3.O 70.08 0.44 9.34 3.33 0.02 0.97 0.57 0.31 0.67 0.04 12.87 98.7 559 76

50419 CR3-3.0-3.5 70.11 0.48 9.46 3.35 0.02 0.99 0.6 0.33 0.67 0.04 12.5 98.6 421 73

50420 CR3-3.5-4.0 70.68 0.48 9.21 3.18 0.03 0.95 0.59 0.3 0.65 0.04 12.53 98.69 447 78

50421 CR33.5-4(DU) 71.04 0.47 9.38 3.3 0.03 0.98 0.61 0.33 0.66 0.04 12.07 98.99 671 105

50422 CR3-4.0-4.5 71.48 0.33 9.01 3.33 0.06 0.94 0.63 0.35 0.64 0.04 12.64 99.49 378 71

50423 CR3-4.5-5.0 70.22 0.46 9.58 3.38 0.03 0.98 0.61 0.36 0.67 0.04 12.51 98.89 399 94

50424 CR3-5.0-5.5 69.73 0.49 9.82 3.54 0.05 1.03 0.67 0.47 0.73 0.05 12.17 98.82 588 71

50425 CR3-5.5-6.0 65.88 0.48 11.14 3.91 0.21 1.16 0.66 0.47 0.9 0.06 12.84 -9 10000 73

50426 CR3-6.0-6.5 65.87 0.48 12.08 4.58 0.1 1.27 0.65 0.44 0.94 0.05 12.76 99.27 459 77

50427 CR3-6.5-7.0 51.75 0.35 8.87 19.04 0.35 1.27 1.1 0.3 0.68 0.43 15.55 99.79 905 57

50428 CR3-7.0-7.2 53.57 0.39 9.2 16.75 0.26 1.31 1.11 0.31 0.71 0.43 15.45 99.54 405 56

50429 CR3-7.2-8.0 65.3 0.59 12.34 4.56 0.07 1.23 0.68 0.41 0.89 0.06 12.8 98.98 450 83

50430 CR4-0.0-0.4 73.53 0.24 6.71 4.56 0.07 0.87 0.38 0.28 0.56 0.06 11.93 99.23 287 75 Section 4  0.0� 4.3 m

50431 STD SY2 59.46 0.28 12.25 6 0.31 2.66 7.97 4.36 4.44 0.42 1.12 99.31 409 12

50432 CR4-0.4-0.9 68.48 0.3 7.29 4.04 0.14 0.85 4.29 0.43 0.67 2.54 10.79 99.9 682 78

50433 CR4-0.9-1.5 73.41 0.4 8.13 3.31 0.03 0.98 0.6 0.37 0.7 0.12 11.01 99.11 441 91

50434 CR4-1.5-2.0 72.28 0.39 8.62 3.41 0.02 1.09 0.46 0.34 0.7 0.04 11.84 99.24 387 76

50435 CR4-2.0-2.5 72.37 0.39 8.38 3.32 0.02 1.05 0.44 0.33 0.66 0.04 11.94 98.99 392 74

50436 CR4-2.5-3.0 73.13 0.31 8.24 3.38 0.05 1.05 0.45 0.33 0.68 0.04 11.97 99.67 330 111

50437 CR4-3.0-3.5 70.64 0.36 9.54 3.75 0.06 1.2 0.53 0.42 0.77 0.04 12.45 99.82 511 82

50438 CR4-3.5-4.0 71.62 0.36 8.94 3.59 0.06 1.08 0.5 0.34 0.65 0.04 12.26 99.49 376 78

50439 CR4-4.5-4.3 74.3 0.3 7.41 2.88 0.06 0.9 0.43 0.32 0.56 0.03 12.31 99.54 302 66

50440 CR5-0.0-0.3 46.95 0.31 8.63 24.74 0.34 1.25 0.88 0.31 0.71 0.38 15.54 100.1 539 89 Section 5  0.0� 4.5 m

50441 CR50-0.3(DU) 47.05 0.3 8.61 25.64 0.45 1.23 0.9 0.32 0.71 0.4 15.11 100.78 552 70

50442 CR5-0.3-0.8 66.34 0.46 12.12 4.92 0.04 1.27 0.6 0.42 0.91 0.07 12.6 99.81 506 131

50443 CR5-0.8-1.1 67.16 0.49 11.79 4.34 0.04 1.24 0.6 0.43 0.89 0.06 12.63 99.73 523 99

50444 CR5-1.1-1.6 52.68 0.38 9.42 19.03 0.35 1.2 0.74 0.37 0.76 0.25 15.01 100.25 523 59

50445 CR5-1.6-1.9 65.66 0.46 11.79 5.17 0.06 1.27 0.59 0.38 0.89 0.07 13.13 99.55 750 81

50446 CR5-1.9-2.1 53 0.35 9.48 18.44 0.31 1.18 0.72 0.36 0.78 0.25 15.37 100.3 529 59

50447 CR5-2.1-2.5 65.01 0.45 12.13 5.11 0.18 1.25 0.75 0.52 1.01 0.07 13.3 99.89 1076 74

50448 CR5-2.5-3.0 65.89 0.53 11.94 4.81 0.08 1.21 0.97 0.68 1.18 0.08 12.16 99.6 651 75

50449 CR5-3.0-3.5 68.22 0.46 11.09 4.21 0.03 1.2 0.61 0.48 0.98 0.06 12.39 99.79 547 85

50450 CR5-3.5-4.0 75.67 0.27 6.15 2.77 0.07 0.74 0.4 0.28 0.48 0.04 12.08 99 391 70

50451 STD SO2 52.24 1.34 15.16 7.69 0.09 0.88 2.69 2.52 2.88 0.69 14.01 100.28 888 -10

50452 CR5-4.0-4.5 75.65 0.24 6.33 2.84 0.2 0.74 0.4 0.27 0.52 0.04 11.67 98.94 340 66

Field No.Lab. No.

TABLE 2. CHEMICAL COMPOSITIONS OF CROWNITE PIT SAMPLES, QUESNEL AREA, ANALYZED BY X-RAY
FLUORESCENCE (XRF) FROM THE BONDAR AND CLEGG LABORATORY.



with 10 cm of silt, small peb bles, char coal, di at o mite frag -
ments and up to 1 m of palagonite brec cia in ter spersed with
pillow basalt (Fig 9). Table 3 presents the analytical results.

Corral Scarp

About 5 km south east of the Clayburn pit, an ex po sure
of di at o mite 15 m wide and 3 m high is lo cated be tween the
road to the Al ex an dria ferry and the Fra ser River, next to a
cor ral on the Lepetich farm. White, mas sive, blocky di at o -
mite is ex posed on a scarp/slump plane (Fig 10). Anal y sis
of the sam ple taken from this out crop (Ta ble 4) in di cates
low clay con tam i na tion, com pa ra ble to some samples from
the Clayburn pit.

DIATOMITE PRODUCTION AND END
USES

In 2006, 799 000 tonnes of di at o mite was pro duced
from 11 sep a rate min ing ar eas and 9 pro cess ing fa cil i ties in
the west ern United States (Cal i for nia, Ne vada, Or e gon and
Wash ing ton). Of this ton nage, 59% is used for fil tra tion,
22% is used as ce ment in gre di ent, 9% is for fill ers, 5% for
absorbents, 2% for in su la tion and 3% for a va ri ety of other
mi nor ap pli ca tions (Founie, 2007). De pos its in Ne vada,
Or e gon and Wash ing ton are lac us trine in or i gin and are
com posed of di a toms like those of the Quesnel de pos its.
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Fig ure 4. Crownite pit with the benches and sec tion lo ca tions.

Fig ure 5. Ex pos ing the bed rock for chan nel sam pling.

Fig ure 6. Sam pling the south face above the marker bed; 
Clayburn pit, Quesnel area.

Fig ure 7. Sam pling the south face be low the marker bed with 1 m
ver ti cal dis place ment; Clayburn pit, Quesnel area.



Di at o mite from these deposits is processed into high-value
end products.

Two sam ples of com mer cial di at o mite — one from Ne -
vada and the other from Or e gon — have the fol low ing main 
com po nents: the sam ple from Love lock, Ne vada has
89.75% SiO2, 3.08% Al2O3, 1.33% Fe2O3 and an LOI of
4.70%. The sam ple from Vale, Or e gon has 87.92% SiO2,
3.66% Al2O3, 1.37% Fe2O3 and an LOI of 5.15% (Breese
and Bodycomb, 2006).

Ac cord ing to Harben (1995), com mer cial di at o mite
con tains from 85 to 94% SiO2, from 1 to 7% Al2O3 and from 
0.4 to 2.5% Fe2O3. Dif fer ent end uses have a num ber of spe -
cific re quire ments in dry and wet den sity, siz ing, me dian
pore size, oil ab sorp tion and permeability.
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Fig ure 8. Sam pling the north face of the Clayburn pit, Quesnel
area.

Fig ure 9. Ba salt flow fill ing a shal low de pres sion in Crownite For -
ma tion top; Clayburn pit, Quesnel area.

SiO2 TiO2 Al2O3 Fe2O3* MnO MgO Ba CaO Na2O K2O LOI Cr P2O5 Total S Tot

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

49059 Clay - M - Min - 0 70.48 0.41 8.4 2.69 0.03 0.89 295 0.35 0.43 0.49 14.46 64 0.03 98.7 0.38 North face upper samples

49060 Clay - M - Min - 0.5 71.39 0.38 7.62 2.34 0.04 0.83 309 0.29 0.44 0.45 14.22 41 -0.03 98.04 0.37 0.0� 3.5 m 

49061 Clay - M - Min - 0.5 (Rep.) 71.97 0.32 7.66 2.41 0.04 0.84 291 0.29 0.45 0.46 14.21 55 -0.03 98.69 0.38

49062 Clay - M-Min - 1.0 72.18 0.37 7.18 2.45 0.01 0.87 276 0.26 0.43 0.44 14.03 41 -0.03 98.25 0.4

49063 Clay - M-Min - 1.5 73.18 0.34 6.34 2.83 0.02 0.79 267 0.32 0.38 0.38 13.91 34 0.03 98.56 0.37

49064 Clay - M-Min - 2.0 72.9 0.31 6.11 3.16 0.02 0.72 246 0.32 0.33 0.38 13.58 44 0.03 97.89 0.25

49065 Clay - M-Min - 2.5 72.09 0.29 6.54 3.48 0.02 0.76 262 0.32 0.33 0.39 13.89 37 0.03 98.17 0.25

49066 Clay - M-Min - 3.0 70.89 0.3 6.81 3.75 0.04 0.87 265 0.41 0.4 0.42 14.38 41 0.04 98.34 0.41

49067 Clay - M-Min - 3.5 71.2 0.31 6.42 3.93 0.04 0.84 267 0.31 0.35 0.39 14.64 34 0.04 98.49 0.35

49068 Clay - M - Plus - 0 67.02 0.5 10.88 3.02 0.03 0.83 333 0.38 0.34 0.55 14.58 58 0.03 98.2 0.13 North face lower samples

49069 Clay - M-Min - 0.5 66.84 0.53 11.43 3.21 0.02 0.94 381 0.45 0.36 0.59 14.35 70 0.04 98.81 0.21 0.0� 3.5 m

49070 Clay - M-Min - 1.0 64.92 0.51 10.72 3.74 0.03 1.15 358 0.65 0.54 0.56 15.58 58 0.04 98.49 0.58

49071 Std. SO 2 51.83 1.29 14.69 7.4 0.09 0.81 851 2.6 2.37 2.77 14.43 30 0.66 99.02 0.03

49072 Clay - M-Min - 1.5 63.81 0.54 10.74 4.3 0.03 1.17 392 0.76 0.53 0.57 15.81 62 0.05 98.36 0.58

49073 Clay - M-Min - 2.0 64.09 0.53 10.38 3.35 0.03 1.24 366 0.8 0.53 0.54 15.89 64 0.04 97.46 0.72

49074 Clay - M-Min - 2.5 66.01 0.51 10.59 2.97 0.02 1.07 384 0.46 0.46 0.55 15.4 70 0.04 98.13 0.35

49075 Clay - M-Min - 3.0 65.15 0.52 10.64 2.97 0.02 1.18 311 0.72 0.47 0.52 15.7 57 -0.03 97.92 0.64

49076 Clay - M-Min - 3.5 63.39 0.47 10.61 4.17 0.02 1.25 308 0.97 0.43 0.48 16.03 58 -0.03 97.86 0.63

49077 Clay Top 1 65.5 0.41 10.03 4.69 0.04 1.26 386 0.82 0.42 0.58 14.6 64 0.04 98.44 0.24 South face upper samples

49078 Clay Top 2 64.32 0.44 8.9 6.39 0.1 1.58 379 0.94 0.5 0.53 14.91 61 0.05 98.7 0.34 0.0� 3.0 m

49079 Clay Top 3 69.09 0.42 7.84 3.89 0.05 1.3 333 0.67 0.58 0.5 13.99 60 0.04 98.41 0.35

49080 Clay Top 4 69.07 0.52 9.57 3.71 0.03 0.93 567 0.76 0.79 0.94 12.44 54 0.05 98.88 0.11

49081 Clay Top 4 (Rep.) 68.89 0.5 9.64 3.74 0.03 0.95 538 0.75 0.79 0.95 12.45 47 0.05 98.8 0.11

49082 Clay Top 5 71.83 0.42 7.79 2.68 0.01 0.85 371 0.38 0.39 0.55 13.31 53 0.04 98.29 0.08

49083 Clay Top 6 75.84 0.25 6.07 2.14 0.01 0.68 303 0.36 0.37 0.42 12.84 45 0.03 99.04 0.11

49084 Clay Low -1 73.24 0.36 7.08 2.35 0.01 0.79 319 0.36 0.35 0.43 13.24 49 0.03 98.27 0.14 South face lower samples

49085 Clay Low -2 75.35 0.31 6.37 2.18 0.04 0.64 285 0.27 0.25 0.37 12.8 49 -0.03 98.61 0.02 0.0� 2.5 m

49086 Clay Low -3 76.56 0.24 5.49 2.01 0.02 0.55 252 0.25 0.22 0.33 12.66 46 -0.03 98.36 0.02

49087 Clay Low -4 76.42 0.29 5.12 1.96 0.02 0.58 239 0.52 0.27 0.33 12.56 36 -0.03 98.1 0.04

49088 Clay Low -5 76.51 0.31 5.31 1.91 0.02 0.55 241 0.39 0.23 0.33 12.56 44 -0.03 98.15 0.04

Field No.Lab. No.

TABLE 3. CHEMICAL COMPOSITION OF CLAYBURN PIT SAMPLES; ALL ELEMENTS ANALYZED BY X-RAY FLUORESCENCE
(XRF) BY THE BONDOR AND CLEGG LABORATORY, EXCEPT FOR TOTAL S, WHICH WAS ANALYZED BY THE LECO

INSTRUMENTS METHOD AT THE BONDAR AND CLEGG LABORATORY.



CONCLUSIONS

Proven pro duc tion re cords in di cate that Quesnel di at o -
mite is suit able for end uses hav ing low pu rity re quire -
ments, such as in su la tion bricks, pozzolan ad mix tures and
do mes tic and in dus trial absorbents. At tempts to de velop
higher-end value prod ucts in the past have not suc ceeded. It 
should be men tioned here, though, that the ma jor in dus try
de vel op ment of lac us trine di at o mite de pos its in the west ern 
United States has taken place in the last 20 to 30 years and
was pre ceded by ex ten sive pro cess ing stud ies by United
States Bu reau of Mines. There have also been pro cesses de -
vel oped for the ben efi ci ation of Quesnel di at o mite, which
re duced the Al2O3 con tent from 12.38 to 4.8% in the in ter -
me di ate prod uct frac tion (Visman and Picard, 1969). Main
com po nents of Quesnel di at o mite are also not very dif fer -
ent from those published for raw product from commercial
deposits.

Com par ing an a lyt i cal re sults from three main sam pled
sites in our study, there is an ap par ent de crease in Al2O3

con tent from north to south. A sig nif i cant num ber of sam -
ples from the Clayburn pit have Al2O3 val ues be tween 5 and 
8 %, com pared to a few sam ples from the Crownite pit and
only two from the Big Bend. There fore, the ar eas of Buck
Ridge and the Al ex an dria ferry prob a bly have the best po -
ten tial for di at o mite with the low est con tent of im pu ri ties
and future industrial development.
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(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (ppm) (ppm)
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Field No.Lab. No.

TABLE 4. CHEMICAL COMPOSITION OF LEPETICH FARM CORRAL SAMPLE; ALL ELEMENTS ANALYZED BY X-RAY
FLUORESCENCE (XRF) BY THE BONDAR AND CLEGG LABORATORY.



Rouse, G.E. (1959): Re port to J.W. McCammon on a fos sil plant
col lec tion made from Quesnel area; BC Min is try of En ergy,
Mines and Pe tro leum Re sources, un pub lished re port,
2 pages.

Rouse, G.E. and Mathews, W.H. (1979): Ter tiary ge ol ogy and
palynology of the Quesnel area, Brit ish Co lum bia; Bul le tin
of Ca na dian Pe tro leum Ge ol ogy, Vol ume 27, Num ber 4,
pages 418–445.

Skin ner, K.G., Dammann, A.A., Swift, R.E., Eyerly, G.B. and
Schuck, G.R., Jr. (1944): Diatomites of the Pa cific North -
west as fil ter-aids; United States Bu reau of Mines, Bul le tin
460, 87 pages.

Visman, J. and Picard, J.L. (1969): Pro cess for Ben efi ci ation of Di -
at o mite Ore; Ca na dian Pat ent Num ber 890249; Min is ter of
Mines and Re sources, Ca na dian In tel lec tual Prop erty Of -
fice, 19 pages.

38 Brit ish Co lum bia Geo log i cal Sur vey



Thickness Trends of J seam, and Its Split at the Falher D Shoreline,
Wolverine River Area, Peace River Coalfield,

Northeastern British Columbia (parts of NTS 093I, P)

by A.S. Legun

KEYWORDS: coal ge ol ogy, mid dle Gates For ma tion,
Peace River coal field, NTS 093P, NTS 093I, Wol ver ine
River, Murray River, Perry Creek pit, Falher D, Falher C, J
seam, trans gres sion, re gres sion, J con glom er ate, E con -
glom er ate, COALFILE

INTRODUCTION

The area of study is lo cated south west of the town of
Tum bler Ridge in north east BC (Fig 1). It lies in an area of
old, new and po ten tial pits (Fig 2) that tar get coals of the
mid dle Gates For ma tion of the Cre ta ceous (early to mid dle
Albian).

Ar gu ably J seam, at the base of the mid dle Gates For -
ma tion, is the im por tant eco nomic coal seam in the area.
This re port com piles the thick ness trends of J seam be tween 
Bullmoose Mt. in the north and Bab cock Mt. to the south
(Fig 2). It de tails the thin ning trend of this seam where it is
over lain by nearshore de pos its of J con glom er ate (Falher
D).

J seam is also split by J con glom er ate with J1 ply ex -
tend ing over the north ward-thick en ing wedge of nearshore
de pos its in the Perry Creek de posit area. The de vel op ment
of J seam peat spans a pe riod of shore line ad vance and re -
treat. It may rep re sent a transgressive-re gres sive coal seam
cou plet as mod elled by Diessel (1992) and Banerjee et al.
(1996). Transgressive-re gres sive cou plets ex plain why
paralic coals are thick near the paleocoast (Fig 3).

Ac com mo da tion in the paralic en vi ron ment is de fined
as the avail able space be tween the peat ba sin floor and sea
level. The wa ter ta ble gen er ally co in cides with, or is in flu -
enced by sea level. A sig nif i cant ac com mo da tion re ver sal
in coastal peat (e.g., a change from a dry ing-up to a wet ting-
up trend) is of ten re lated to shore line mi gra tions. Ac com -
mo da tion re ver sal sur faces in J seam have been iden ti fied
uti liz ing maceral anal y sis and petrographic in di ces such as
tis sue pres er va tion and gelification (Lamberson et al.,
1991; Diessel et al., 2000). This study pro vides sup port ing
con text to that work.

In the study area, onlap of nearshore J con glom er ate
in volved wave ero sion and re work ing, sed i ment win now -
ing, stack ing of nearshore de pos its at high stand, load ing
and com pac tion of the ad join ing coastal mire (J2 ply). A
coastal la goon formed at the mar gin of a bar rier shoal and is

rep re sented by a thick ened shale lens onlapping the con -
glom er ate. A ten ta tive model of the transgressive-
regressive cy cle is pre sented, draw ing on re la tion ships at
Perry Creek pit and Mt. Spieker.

Other coal splits by ma rine tongues may be pres ent in
the area. A split in G seam in the Mar mot area may be re -
lated to Falher C de pos its nearby.

Some early as pects of this work are re ported in Legun
(2006a). Up dates to the dis tri bu tion of clean sand stone and
con glom er ate of Falher C and D are pre sented in Legun
(2006b).

Wedge-like units of nearshore sed i men tary rocks
within the mid dle Gates For ma tion coal sec tion af fect as -
pects of coal ex trac tion and pit plan ning in three ways: 1)
they in crease strip ra tios and they in clude si li ceous-rich
con glom er ate that in flu ences the pH of waste rock drain -
age; 2) they in di cate the prob a bil ity of higher sul phur con -
tent in un der ly ing or ad ja cent coal; and 3) they make com -
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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 BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
cat_fldwk.htm

Fig ure 1. Lo ca tion of study area, Tum bler Ridge, north east ern BC.



pe tent roof rock for un der ground min ing options or an
excellent pit floor.

GATES FORMATION STRATIGRAPHY

The gen eral strati graphic frame work of the Gates For -
ma tion is shown in Ta ble 1. The Gates For ma tion is in for -
mally di vided into lower, mid dle and up per mem bers. The
lower mem ber is the Quin tette sand stone, com posed
largely of clean sheet sand stone of shoreface and shal low
shoal or i gin. It caps a tran si tional fa cies with Moosebar

For ma tion shale be low and un der pins the mid dle Gates
For ma tion coal mea sures, de fined by ge ol o gists at Quin -
tette Coal Ltd. as the in ter val bounded by K (lower) and D
(up per) seams. Lo cally over ly ing D seam is a cap-rock
sand stone and con glom er ate unit, known as the Bab cock
(from ex ten sive ex po sures on Bab cock Mt.). These are
estuarine shoal de pos its of the up per Gates For ma tion that
abruptly end the ma jor coal-bear ing pe riod of the mid dle
Gates For ma tion. Above the up per Gates For ma tion and
be low the over ly ing Hulcross Formation shale is an
unnamed unit of thin coal and shale layers.

Middle Gates Formation

The J seam lies at the base of
the mid dle Gates For ma tion coal
sec tion at Wol ver ine but K seam
un der pins it to the south at Murray 
River. The mid dle Gates For ma -
tion may con tain up to 18 m of me -
dium to low vol a tile coal in 60 m
of sec tion. Re gional-scale cor re -
la tions of mid dle Gates For ma tion 
coals in di cate five to six seams
that are lat er ally con tin u ous and
reach eco nomic thick ness over a
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Fig ure 2. Coal pits, coal ex plo ra tion ar eas, mid dle Gates For ma tion shore line po si tions, and lines of sec tion in the study area, north east -
ern BC.

Fig ure 3. Model of transgressive-re gres sive coal cou plet (af ter Diessel, 1992).



sig nif i cant area. Of these, J and E seams show the thick est
coal de vel op ment. The J seam may ex ceed 7 m with low ash 
and could be mined as a sin gle seam with no subplies and
very thin part ings. The E seam tends to be com pos ite,
formed of sev eral closely spaced plies. Por tions of these be -
come very ashy (E1) or de velop abun dant part ings (lower
part of E3). The F seam, gen er ally cleaner, is equiv a lent to
E2/E3 where those plies sep a rate from E1 in the Mar mot
(Hermann North) area, south east of the re claimed Mesa pit. 
Cor re la tion and ex tents of mid dle Gates For ma tion coals
are shown in sum mary fig ures of Quin tette Coal Ltd.
(COALFILE 753; COALFILE, 2007), Carmichael (1983)
and Leckie (1983). Al though ma jor seams are of ten shown
in a sim ple or dered se quence in a strati graphic col umn, the
seam ar chi tec ture has some com plex ity. Cor re la tions be -
tween pits in di cate seams split or amal gam ate, or
stratigraphically ap proach each other. Ap proaches in clude
D and E (Shikano and Mesa pits) and J and K (Bab cock pit). 
The G seam is split in the Mar mot area with the up per ply
mi grat ing stratigraphically to E4 seam in the Mesa pit area
to the north west. The seam ar chi tec ture has not been
adequately related to the geometry of nearby deltaic lobes
and marine tongues.

FALHER CYCLES, MARINE TONGUES AND
COAL

Cy cles of ma rine re gres sion, named Falher cy cles, are
dis tin guished by gamma log re sponses that in di cate
upward-coars en ing se quences. The cy cles are al pha bet i -
cally named G (stratigraphically low est) to A (high est).
Ide ally they com prise a basal transgressive lag de posit,
upward-coars en ing shale, sand stone to con glom er ate with
ma  r i n e  t r a c e  f o s  s i l s  f o l  l o w e d  b y  e v  i  d e n c e  o f
terrestrialisation (rootings, coal). Up per beds of cy cle F
cor re spond to the Quin tette sand stone. At the top of the
Falher F and C cy cles are shoreface de pos its that form the
wide spread floors to the J and E seams. Cy cle G lies within
the Moosebar tran si tional fa cies in the study area but is the
Torrens sand stone floor to a major coal seam near the
Alberta border.

J and E con glom er ate in coal field ter mi nol ogy cor re -
lates to the sandy and con glom er atic (i.e., non-shaly)
nearshore de pos its of Falher C and D. Wedge-like in ge om -
e try, Falher D di rectly over lies J seam while Falher C is
above G seam and be low E. Bore hole QWD7115 in the
Perry Creek pit area is key in ty ing Falher cy cle cor re la tions 

to J and E con glom er ates in the Wol ver ine area. The E con -
glom er ate de vel ops and ex tends from Mesa North pit while
J con glom er ate de vel ops in the north ern half of West ern
Can ada Coal Corp.’s (WCCC) Perry Creek pit, Mt. Spieker
ridge and in the undeveloped West Fork deposit.

SHORELINES

Both Leckie (1983) and Carmichael (1983) pro duced
maps of shore line trends. The max i mum re gres sive limit is
the most north erly oc cur rence of coal or car bo na ceous
shale, cap ping a coars en ing-up ward se quence. The
transgressive limit is marked by the south ern limit (zero
isopach) of clean sand stone and con glom er ate of nearshore
or i gin (zero edge of J or E con glom er ate). Dur ing the
Falher F re gres sion, the shore line mi grated to a po si tion
north of Bullmoose Mt. (Fig 2). The sub se quent trans gres -
sion (Falher D) brought it to an east-west po si tion near Mt.
Spieker. It sub se quently re treated well to the north and ad -
vanced again (Falher C) with a north west-south east shore -
line po si tion that lies close to a line from Bullmoose Mt. to
Mesa North pit to Shikano pit. A por tion of the mid dle
Gates For ma tion out crop sec tion at Perry Creek is shown in 
Fig ure 4. This sec tion lies south of the Falher D
transgression line but north of Falher C.

J SEAM THICKNESS STUDY

El e ments of J seam have a wide ex tent, though re gional 
cor re la tions may cor re spond to a coal in ter val rather than a
dis crete seam. It per sists east ward to the Al berta deep ba sin
as the 4th coal seam. South east of Wol ver ine, along the
struc tural trend, it is split by a deltaic lobe at Monkman and
con tin ues as seams B4, B5 to the Belcourt area. In the
south west, along the trend of Five Cabin Creek syncline it
is lo cally miss ing and re placed by flu vial con glom er ate
(Carmichael, 1983, Fig 6, 25). Some trends north of the
Wol ver ine River are shown in Sum mary Fig ure 3.6 of
Leckie (1983). Trends to the north east, im me di ately out -
side the coalbelt, are poorly known due to few wells.

In the area of study, J seam has been mined at South
Fork pit and a num ber of Quin tette Coal Ltd. pits in clud ing
Mesa, Wol ver ine and Shikano. It is cur rently mined at the
Perry Creek and Trend pits. The J seam forms a sig nif i cant
re source at pro spec tive pits that in clude EB, West Fork and
Hermann North.
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West Fork 

deposit

Teck Bullmoose pit 

(reclaimed), EB pit

Mt. Spieker 

Ridge

Perry Creek pit Subsurface 

(oil and gas 

wells)

Carmichael 

regional study 

(1983)

Qunitette Coal Ltd. 

Mesa pit (reclaimed)

Upper Gates Formation unit 5 upper seams' Notikewan unnamed thin coals and shale
unit 4 Fortress Mt. unit Notikewan Babcock member Babcock member

Middle Gates Formation (E seam) (E seam) D seam D seam

(D seam) (D seam) E, F seams E seam
Wolverine unit Falher C E conglomerate

(C seam) (C seam) C seam G seam G seam

C2 seam? J seam (J1 ply)
unnamed 

conglomerate
unnamed 

conglomerate
J conglomerate Falher D

A, B seams A, B seams A, B seams J seam (J2,3 plies) J seam 
Lower Gates Formation unit 1 Quintette sandstone Falher F Sheriff member Quintette sandstone 

Falher G Torrens member
Note: ( ) indicate comparble stratigraphic position.

TABLE 1. STRATIGRAPHIC NOMENCLATURE OF THE GATES FORMATION AND ITS RELATION TO FALHER CYCLES,
NORTHEASTERN BC.



Over a large part of the study 
area, J seam has few and rel a -
tively thin (less than 0.5 m) rock
splits. Where splits are pres ent
the seam is sub di vided into lo cal
plies named J1, J2 and J3. In the
Bullmoose area, J seam equates
to two sep a rate seams, lo cally
named A and B. The basal J3 ply
is prob a bly equiv a lent to A seam
as they both rest on Quin tette
sand stone. The B seam cor re -
sponds to J2 as both are lo cally
over lain by Falher D con glom er -
ate. The A and B seams are re -
ferred as J(A) and J(B) be low.

Trends were com piled us ing
group and in di vid ual bore hole
thick ness data. Group data in -
cludes ‘in pit’ isopachs or seam
av er ages. In di vid ual thick ness
data is pre sented in seam in ter -
cept drill ing sum ma ries and in
cor re la tion charts. Thick ness is
of ten quoted as a frac tion: coal
thick ness/seam thick ness. Seam
thick ness and not coal thick ness
val ues were used in this study.
These thick nesses are de rived
from picks of high res o lu tion den sity logs in con junc tion
with gamma ray logs (and cal i per). Ad di tional thick ness
data is avail able in logs of pe tro leum wells though the
geophysical logs have a coarser resolution.

The au thor em ployed a sim ple ap proach to as sess
trends. Seam thick ness av er ages were used for densely
drilled ar eas and point val ues where data was sparse. Val -
ues of sep a rate plies (J1, J2, J3) were summed. The J(A)
and J(B) seams were summed in the Bullmoose area.

Thick ness trends are eval u ated from data points in the
folded ter rain of the Rocky Moun tain foot hills. The data
points and trends re flect crustal short en ing of per haps 15%
and have not been palinspastically re stored to orig i nal geo -
graphic po si tion.

Results

Re sults of the thick ness study re vealed three thick ness
do mains (Ar eas 1, 2, 3) of J seam (Fig 5). Seam thick ness
trends are su per im posed on isopachs of J con glom er ate (in
metres). In the Perry Creek area, thick nesses that in clude J1 
ply above the J con glom er ate are shown in an inset.

Area 1 is a sea ward area where J seam thins rap idly.
The bound ary fol lows the par tially de fined 4 m isopach of J
seam. The thin ning trend is nor mal to the lin ear trend of J
con glom er ate, and is par tic u larly ev i dent in the more
densely drilled ar eas of West Fork and Perry Creek pit. The
thin ning trend con tin ues east of the coalbelt in the
subsurface and is recognizable in J seam and Falher D sig -
na tures in well logs. The J seam is thick south of the Falher
D line. A pos si ble ex cep tion oc curs near well 15372 (Fig 5)
where both J seam and J con glom er ate are thick.

Area 2 is a large coastal area where J seam ex ceeds 4 m. 
In di vid ual pit maps of J seam con tours do not dis play any
dom i nant trends that are nor mal or par al lel to the shore.

This do main ex tends east of the coalbelt into the
subsurface.

Area 3 is an area where J seam is less than 4 m thick.
This in cludes por tions of Wol ver ine pit and Wa ter fall
Creek drill ar eas. The seam thins due to thick rock splits.
This area may bor der al lu vial plains of the up per coast.

DETAILS OF THINNING TREND IN AREA 1
(NEAR FALHER D SHORELINE).

At the Mesa and Perry Creek pits, mi nor shale part ings
di vide J seam into three coal plies (Fig 6). The part ings
thicken north ward and the up per interseam rock (be tween
J2 and J1 coal) is re placed by con glom er ate. The logs from
a line of de vel op ment drillholes (Fig 7) show the sep a ra tion 
of J1 ply from the main seam. The J con glom er ate rap idly
thick ens north ward to up wards of 40 m with the J1 ply
above. Be yond the drillhole line, J1 thins to less than 0.5 m
in drillhole QWD 7120 to the north west (Fig 7 inset).

J2 coal ply has a clean up per con tact sug gest ing it may
be lo cally eroded be low the con glom er ate. West ern Can ada 
Coal Corp. (2003) re ports that “Where J con glom er ate
forms the J2 roof, J2 is cleaner as it lacks the rock and/or
high-ash coal bands in its up per part”. In the line of sec tion
(C’ to C), J2 thins from 4 to 2.7 m over 1 km. Fur ther to the
north west, J2 splits into two plies, each of which thins and
be comes shaly. The up per ply is not pres ent in the last
drillhole of this trend (PR 2006-24, Fig 7 inset).

In the Bullmoose area, both J(A) and J(B) seams thin
north ward to the West Fork area. In con trast to trends at
Perry Creek, the interseam shale does not thicken. J(B) is
lo cally eroded against J con glom er ate, the con tact is
marked by chert peb bles in fine sand with coal frag ments,
some re placed by py rite. This is very sim i lar to ob ser va -
tions at Mt. Spieker and the Perry Creek pit. North ward
J(A) thins to a car bo na ceous mudstone and J(B) per sists to
the north ern parts of Bullmoose Mt.
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Fig ure 4. Out crop sec tion in the Perry Creek pit show ing the base of mid dle Gates For ma tion (J 
seam) rest ing on clean Quin tette sand stone (ss), north east ern BC.
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J(A) and J(B) have a com bined thick ness ex ceed ing
5.5 m in the EB pit area but are sep a rated by up to 15 m of
interseam rock. The seam thick ness is re duced to 4 m at the
south west ern edge of ad join ing Mt. Spieker ridge. On the
ridge it self, the thin ning trend of each seam con tin ues with
the com bined thick ness drop ping to 2 m or less.

INTERPRETATION OF TRENDS AT THE
PALEOSHORE

The thin ning of the lower coal plies (JA or J3) is
depositional as their roof shale is in tact. The con tact of ply
J(B) or J2 with con glom er ate marks a sur face of ma rine ero -
sion. The peb ble lag on the coal sur face is due to wave ac -
tion (above storm wave base) dur ing south ern ad vance of
the Falher D sea. On Mt. Spieker ridge, shale is lo cally pres -
ent above B seam, even near the zero edge of the con glom -
er ate (COALFILE 556, trench data). The ero sion thus ap -
pears to be shal low and the thin ning of up per plies is largely 
depositional.

On Mt. Spieker ridge, it is un clear whether the
transgressive lag un der pins the con glom er ate to its zero
edge, that is, whether the edge of the con glom er ate co in -
cides with the shore line. Ma rine con di tions are clearly doc -
u mented a kilo metre to the north with her ring bone
crossbedding, Rhizocorallium trace fos sils and storm sheet
fa cies of swaley cross-strat i fi ca tion (Leckie and Walker,
1982). In the Perry Creek val ley, in a com pa ra ble po si tion
from the zero edge, tens of metres of mas sive sand stone lie
above J2 coal at the creek’s edge. It is loaded by sand stone
pil lows and in ter ven ing pock ets of peb bly mudstone. The
mas sive sand stone with basal flute casts sug gests mass in -
flux of sed i ment, pos si bly a baymouth splay below a
distributary.

To ward the zero edge on Mt. Spieker ridge, Leckie
(1983) sug gested a flu vial re gime based on the pres ence of
a root ho ri zon, large lat eral ac cre tion bedforms and a high
pro por tion of con glom er ate. Trench data in the area

(COALFILE 556) sug gests B
seam thick ness is main tained be -
low the chan nel. The au thor sug -
gested the ac cre tion bedforms ex -
tend ing over 15 m in height may be
the south ern (coast fac ing) slope of 
a bar rier shoal (Legun, 2006a).
Well-washed, quartzitic sand stone
oc curs near the top of J con glom er -
ate with cur rent bedforms par al lel
to the shore. At Perry Creek, the
well log for di a mond-drill hole
QPR 88003 (Fig 7) has den sity
spikes that sug gest the pres ence of
car bonaceous shale lenses in J con -
glom er ate. An estuarine en vi ron -
ment with shore-par al lel and
shore-normal el e ments may be an
in clu sive de scrip tion of sed i men -
t a  t i o n  c o m p l e x i t i e s  a t  t h e
coast/marine interface in both
areas.

The source of nearshore sand -
stone and con glom er ate is not
readily ev i dent. Chan nel bod ies
are not iden ti fied land ward of the
lin ear trend of J con glom er ate —
ar eas that in clude EB pit, South
Fork (Bullmoose mine) and south

Perry Creek pit. A thick, blocky gamma pro file in a re cent
drillhole (COALFILE 901, PRC R003) near For tress Mt.
(Fig 7 in set) may rep re sent a chan nel. It is south of the
conglomerate line.

A shale in ter val be tween the top of J(B) and base of C2
seam can be traced from Mt. Spieker ridge (drillhole MS23) 
to the EB pit area (drillhole MS19). At Mt. Spieker, it is
only a metre or so thick on top of J con glom er ate while it is
16 m at the EB pit where the con glom er ate is miss ing. It
sug gests the pres ence of a shale-filled la goon land ward of
the coastal shoal or bar rier. Overwash dur ing storm events
leads to sed i ment load ing and com pac tion of ad join ing
mires cre at ing ac com mo da tion space (i.e., a la goon). An
ex am ple of this in the mod ern his tor i cal re cord was re con -
structed by Long et al. (2006).

Ma rine in flu ence on coastal peat fur ther south is in di -
cated by fos sils im me di ately above J seam in drillhole
QWD 7402 (Fig 7 in set) and the sul phur con tent of J seam
(D. McNeil, pers comm, 2007).

A model for J seam re gres sive cou plet is pre sented in
Fig ure 8, uti liz ing re la tion ships at Mt. Spieker and Perry
Creek.

PETROGRAPHIC INDICATOR STUDIES
AND J SEAM SPLIT

The split of J seam pro vides im proved con text for
petrographic in di ca tor stud ies of J seam. Kalkreuth and
Leckie (1989) sug gested there was con sid er able trans -
ported (drifted) ma te rial in the J3 ply, given the high pro -
por tion of de graded vitrinite and inertodetrinite. With a
fall ing sea level, a mod est gra di ent was es tab lished on the
new coastal plain. J3 be gan in a marsh en vi ron ment sub ject
to flood pulses that brought in abun dant or ganic de bris. The 
basal peat was part of the shoal ing pro cess and re flected a
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Fig ure 6. Ex po sure of J seam plies at Perry Creek pit, north east ern BC. The J2/J1 part ing,
barely ap par ent, passes north ward to sev eral metres of shale and then J con glom er ate.
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Fig ure 7. Line of de vel op ment drillholes show ing cor re la tion of J1 ply above J con glom er ate, north east ern BC.



dry ing-up petrographic sig na ture re lated to the re treat of
the Falher F sea (Wadsworth et al., 2003). Mid dle por tions
of the seam (J2), in the lower part of J(B), in di cate drier
con di tions, for ested con di tions and even wildfires
(Lamberson et al., 1991). Very clean por tions of J seam may 
rep re sent ombrotrophic, raised mires. An ac com mo da tion
re ver sal sur face is iden ti fied in J(B) seam fol lowed by in -
creas ing wet ting and even tual drown ing of the peat un der
fresh to brack ish con di tions. This drown ing would
correspond to the J2/J1 interseam split and highstand con -
di tions. The J1 ply should have a regressive signature
where it overlies Falher D.

SCOPE FOR FURTHER WORK

A line of sec tion (B to B’) across Falher C and D shore -
line po si tions sug gests an other coal split re lated to the
Falher C shore line, though re moved from it lat er ally (Fig
9). G1 ply sep a rates from lower G plies and mi grates to the
base of E seam, form ing E4 ply. Quin tette Coal Ltd. ge ol o -
gists noted “the lower sec tion of both E4 and Gl have a
char ac ter is tic high ash zone….and…Gl dis ap pears where
E4 is iden ti fied” (COALFILE 746). Fur ther to the south -
east, G con glom er ate oc cu pies the in ter val be tween G and
E4 seams in the Shikano pit and Griz zly ar eas. The G con -
glom er ate may be a chan nel com plex bor der ing Falher C.
Falher C is rec og niz able in gamma ray logs of gas wells
situated east of Shikano pit.

It is in ter est ing to note in the line of sec tion that G and
J1 ap proach each other in Perry Creek North area. If E4 is a
split of G seam then J and E are re lated in time. Peat for ma -
tion prob a bly oc curred at one place or an other dur ing the
en tire in ter val of mid dle Gates For ma tion de po si tion. The

ma rine wedges and depositional lobes rep re sent lo cal in ter -
ludes of clastic de po si tion. J seam it self formed over one
pe riod of trans gres sion but two periods of regression.

CONCLUSIONS

J coal seam is a re gres sive-transgressive coal cou plet.
The lower part of the seam cor re sponds to a shoal ing up and 
gen eral re gres sion of the coast line. J2 in cludes an ac com -
mo da tion re ver sal sur face and formed dur ing sea level rise.
There was coastal in ci sion and de po si tion of abun dant
coarse clastics dur ing highstand at a line marked by West
Fork – Mt. Spieker and Perry Creek pits. Stacked shore line
fa cies in a bar rier shoal (J con glom er ate) mark the south -
ern most ad vance of the Falher D sea but ma rine in flu ence
ex tended fur ther south. Af ter shore line re treat, peat for ma -
tion (as J1 ply) ex tended over thick sub sided nearshore de -
pos its. Other coals splits may be related to the Falher C
marine tongue.
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Fig ure 8. Precompaction model of transgressive-re gres sive coal cou plet based on a com pos ite of J seam and J con glom er ate re la tion ships
at Perry Creek and Mt. Spieker, north east ern BC. Some el e ments of the fig ure are drawn from a sketch in Leckie and Walker (1982).
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Fig ure 9. Line of sec tion Perry Creek North pit to Mar mot (Hermann North) ar eas, north east ern BC.
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Geochemical Orientation Surveys in the Quesnel Terrane between Quesnel
and Williams Lake, central British Columbia (NTS 093A, B, G)

by R.E. Lett and Z. Sandwith1

KEYWORDS: Quesnel Terrane, soil geo chem is try, cop per,
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INTRODUCTION

Ori en ta tion sur veys are an es sen tial part of any large-
scale geo chem i cal pro gram be cause they serve to es tab lish
op ti mum sam pling and an a lyt i cal tech niques. Among vari -
ables that need to be de ter mined by a soils ori en ta tion are
the sam ple den sity, soil ho ri zon, sam ple grain size or min -
eral frac tion, and an a lyt i cal method. Es tab lish ing geo -
chem i cal back ground for each el e ment, ei ther by ref er ence
to lit er a ture val ues or by cal cu lat ing sta tis tics from the ori -
en ta tion sur vey data, is the first stage in de fin ing an anom -
aly. Closely linked to es tab lish ing back ground is de cid ing
on the com bi na tion of sam ple grain size, sam ple di ges tion
tech nique and el e ment de tec tion method that will give the
great est anom aly contrast (signal to noise ratio) for all ore
indicator and pathfinder elements.

Se lec tive and se quen tial metal ex trac tions have long
been used in stream sed i ment and soil sur veys to im prove
geo chem i cal anom aly con trast. For ex am ple, Cameron et
al. (2004) showed that se lec tive ex trac tion tech niques, such 
as En zyme LeachSM and Mo bile Metal IonSM anal y sis, are
of ten able to better de tect sul phide and other types of min -
er al iza tion be neath thick surficial de pos its by en hanc ing
geo chem i cal anom aly con trast. The fac tors that gov ern el e -
ment trans port and mi gra tion from source to site of ac cu -
mu la tion must be ap pre ci ated for cor rectly in ter pret ing the
sub tle but of ten dis tinct el e ment pat terns re vealed in se lec -
tive ex trac tion data. Among the fac tors in flu enc ing el e ment 
dis per sion are lithogeochemistry, bed rock ge ol ogy,
surficial ge ol ogy (in clud ing stra tig ra phy and ma te rial
thick ness), gla cial ero sion and trans port of min er al iza tion
from a bedrock source, soil drainage, soil-forming
processes, soil redox potential and soil pH.

Geo chem i cal mod els can help es ti mate the in flu ence
of these vari ables on anom aly for ma tion by vi su ally dem -
on strat ing the re la tion ships be tween a min eral de posit and
its geo chem i cal re sponse in the near-sur face en vi ron ment.
First pro posed by Bradshaw (1975) for the Ca na dian Cor -
dil lera, con cep tual geo chem i cal mod els have most re cently
been adapted by Butt et al. (2005) in Aus tra lia to sim plify
the interpretion of com plex sur vey data with vi sual three-
di men sional di a grams. Lett and Bradshaw (2002) pro posed 

de vel op ing an at las of sim i lar geo chem i cal mod els sup -
ported by real an a lyt i cal and field data from Cordilleran
case his to ries. For ex am ple, Hoffman and Perkins (1990)
de vel oped a geo chem i cal model for Au-Cu por phyry min -
er al iza tion, from ge ol ogy and lithogeochemical stud ies, to
ex plain the re sults of multi-el e ment soil sur veys on the Cat
Moun tain de posit in cen tral Brit ish Co lum bia. Their model
pro posed con cen tric lithogeochemical zones ra di at ing
from a W-Ag core into a Mo zone, a Au zone, a Cu-Co-Fe
zone and, fi nally, a pe riph eral As-Al-V-Mn zone. De pend -
ing on the ero sion level of the Cu-Au-mineralized bedrock,
there was a lateral transition from the peripheral As-Al-V-
Mn into a Pb-Zn zone.

Much of the cur rent min eral ex plo ra tion in Brit ish Co -
lum bia has fo cused on Quesnel Terrane rocks be cause of
pro duc tion from eco nomic Cu-Au de pos its such as Mount
Polley. Al though there have been few spe cific ori en ta tion
stud ies to de ter mine the near-sur face geo chem i cal ex pres -
sion of Cu-Au por phyry de pos its, the re sults of re cent ori -
en ta tion sur veys over epi ther mal Au min er al iza tion have
been pub lished by Cook and Dunn (2007). They dem on -
strated that the par tial ex trac tion of trace el e ments us ing
En zyme Leach and Mo bile Metal Ion anal y sis from soil
sam ples col lected over the Tommy and Ted Au-min er al ized 
epi ther mal vein near Vanderhoof, BC could im prove geo -
chem i cal con trast com pared to re sults from more rig or ous
acid di ges tion. Many of the el e ments de tected by the par tial
ex trac tion used by Cook and Dunn (2007) were im por tant
pathfinders for base and pre cious metal min er al iza tion.
Hall (1998) de scribed a num ber of the more re cently de vel -
oped par tial ex trac tion meth ods and as sessed the an a lyt i cal
pre ci sion for geo chem i cal pathfinders de ter mined by these
tech niques. Not only is the an a lyt i cal method (e.g., En zyme 
Leach) im por tant for en hanc ing con trast, but so too is the
el e ment suite that best char ac ter izes min er al iza tion. Im -
proved geo chem i cal tech niques need to be de vel oped for
de tect ing more deeply bur ied min eral de pos its, since much
of cen tral BC has an ex ten sive cover of pla teau bas alts and
gla cially trans ported over bur den. Here we re port pre lim i -
nary re sults of ori en ta tion geo chem i cal stud ies over the
Mouse Moun tain (MINFILE 093G  003) and Shiko Lake
(MINFILE 093A  058) porphyry Cu-Au mineral oc cur -
rences, as well as a target for possible Cu mineralization
near Soda Creek. The locations of these three areas are
shown in Figure 1.

SURVEY TECHNIQUES

Field Sampling

Sam ples from ma jor soil ho ri zons were taken down
ver ti cal pro files at spe cific in ter vals in the Mouse Moun -
tain, Shiko Lake and Soda Creek ar eas. The pro files were
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lo cated at sta tions along road and bush tra verses that were
gen er ally ori en tated per pen dic u lar to the re gional ice-flow
di rec tion. Sev eral sam pling tra verses up and down-ice of a
min er al ized zone (where known) were com pleted, al -
though it was of ten not prac ti cal to carry out an ex ten sive or
reg u lar sam pling pat tern. Where pos si ble, the fol low ing
sam ples were taken from:

• the de com posed hu mus (F-H) ho ri zon, just be neath the 
sur face veg e ta tion lit ter;

• the up per B soil ho ri zon, just be neath the eluviated
(Ae) ho ri zon (where vis i ble);

• the lower B soil ho ri zon close to the tran si tion be tween
the B and C soil ho ri zons;

• a depth of 20 to 25 cm for Mo bile Metal Ion anal y sis;
and

• the C soil ho ri zon gla cial sed i ment (typ i cally till).

Eighty-eight up per B-ho ri zon, 84 lower B-ho ri zon and 
83 C-ho ri zon sam ples were taken (in clud ing qual ity-con -
trol field du pli cates). Me dian mid point depths of the up per
B, lower B and C-ho ri zon sam ples were 16.0 cm (1st to 3rd

quartile ranged from 13 to 18 cm), 26 cm (1st to 3rd quartile
ranged from 24 to 26 cm) and 43 cm (1st to 3rd quartile
ranged from 36 to 57 cm), re spec tively. Ho ri zons were
iden ti fied in the field us ing the Ca na dian Soil Clas si fi ca tion 
Work ing Group (1998) no men cla ture. How ever, dis tinc -
tion be tween ‘up per’ and ‘lower’ B ho ri zon is of ten ar bi -
trary be cause there is com monly only a sub tle change in soil 
colour and texture within a given profile.

The sam ples were col lected from hand-dug pits or
from trenches ex ca vated in road cuts. Pro file sites were ac -
cu rately lo cated with a Garmin Map 60 hand-held GPS
unit. Du pli cate sam ples were taken at a fre quency of one
du pli cate per twenty rou tine sam ples. Depth, soil tex ture,
soil col our (Munsell Clas si fi ca tion) and struc ture were de -
scribed for each sam ple taken, with de tails on the per cent -
age, size and shape of rock clasts and pres ence (or ab sence)
of clast striations re corded. Still dig i tal pho to graphs were
taken of each pro file and a short video made to re cord de -
tails of the area sur round ing the sta tion. At the end of each
day, the B-ho ri zon pH was mea sured on a 1:1 (by vol ume)
slurry of soil to dis tilled wa ter with an Extech® In stru ments
Cor po ra tion P110 pH me ter cal i brated daily with pH 4
and 7 buff ers. Mul ti ple sam ples were col lected from each
ho ri zon for use in dif fer ent an a lyt i cal meth ods. For ex am -
ple, B-ho ri zon soil and lit ter sam ples for aqua regia di ges -
tion – in duc tively cou pled plasma – mass spec trom e try
(ICP-MS) anal y sis were col lected in Hubco Inc. poly es ter
weave bags, and the C-ho ri zon sam ples (gla cial sed i ment)
were col lected in large PVC bags. Sam ples in tended for En -
zyme LeachSM, Soil Gas Hy dro car bonsSM and Mo bile
Metal IonSM anal y sis were col lected and dou ble-bagged in
sealed PVC Ziploc® bags. A num ber of sed i ment sam ples
were also col lected in Hubco bags from streams in the areas
surveyed. A typical soil from the Mouse Mountain area is
shown in Figure 2.

Sample Preparation

The F-H, B and C-ho ri zon sam ples were oven dried at
35 to 40ºC and pre pared in the Brit ish Co lum bia Geo log i cal 
Sur vey lab o ra tory, Vic to ria, BC be fore be ing sent for anal -
y sis at com mer cial lab o ra to ries. The F-H-ho ri zon sam ples
were milled. Part of the B-ho ri zon sam ple and stream sed i -
ment sam ples were disaggregated and sieved to –80 mesh

(<0.180 mm), whereas C-ho ri zon (gla cial sed i ment) sam -
ples were sieved to –230 mesh (<0.063 mm). The +2 mm
size frac tion of the gla cial sed i ment was ar chived for later
iden ti fi ca tion of clast li thol ogy. Sieved or milled du pli cate
sam ples (gen er ally from one of the field rep li cates) and
stan dard ref er ence ma te ri als were in serted into each batch
of 20 sam ples be fore anal y sis. No prep a ra tion was car ried
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Fig ure 1. Lo ca tion of the Mouse Moun tain, Shiko Lake and Soda
Creek sur vey ar eas, cen tral Brit ish Co lum bia.

Fig ure 2. Pro file show ing Brunisolic soil de vel oped on till, Mouse
Moun tain area.



out on the soil sam ples sent for Enzyme Leach, Soil Gas
Hydrocarbons and Mobile Metal Ion analysis.

Sample Analysis

Anal y sis of sam ples is cur rently in prog ress by the fol -
low ing meth ods:

• Aqua regia di ges tion – ICP-MS: The <0.18 mm soil
and <0.063 mm gla cial sed i ment frac tions have been
an a lyzed for 37 el e ments, in clud ing Au and Cu, at
Acme An a lyt i cal Lab o ra to ries, Van cou ver, BC by
aqua regia di ges tion (HNO3-HCl-H2O 1:1:1 by vol -
ume), fol lowed by ICP-MS.

• In stru men tal neu tron ac ti va tion anal y sis (INAA):
The <0.180 mm soil and <0.063 mm gla cial sed i ment
frac tions are be ing an a lyzed for 33 el e ments, in clud ing 
Au, at Ac ti va tion Lab o ra to ries Lim ited, Ancaster, On -
tario by INAA. This method in volves ir ra di a tion of ei -
ther a 5 or 20 g sam ple in a high-den sity neu tron flux,
fol lowed by count ing the gamma-ray emis sion from
el e ments af ter a de cay period.

• En zyme LeachSM anal y sis: This tech nique, de vel -
oped by Ac ti va tion Lab o ra to ries Lim ited, Ancaster,
On tario, de tects small el e ment vari a tions in B-ho ri zon
soils over and around min eral de pos its by se lec tively
re mov ing the amor phous man ga nese di ox ide soil-par -
ti cle coat ings with hy dro gen per ox ide, thereby re leas -
ing trapped trace el e ments (Yeager et al., 1998).

• Soil Gas Hy dro car bons (SGH)SM: De vel oped by Ac -
ti va tion Lab o ra to ries Lim ited, Ancaster, On tario, this
is an ex trac tive pro ce dure for C5 to C17 or ganic com -
pounds that have been ab sorbed on B-ho ri zon soil
sam ples. The pro ce dure is de signed to mea sure these
com pounds in the low parts per tril lion (ppt) con cen -
tra tion range.

• Mo bile Metal Ion (MMI)SM analysis: This tech -
nique, de vel oped by Mann et al. (1998), uti lizes re -
agents con tain ing strong lig ands de signed to ex tract
met als such as Cu, Pb, Zn, Ni, Cd, Au, Ag, Co and Pd
from soil samples.

• Loss-on-ig ni tion (LOI): LOI of soil sam ples at 500ºC
was de ter mined on the <0.180 mm frac tion of the B-
ho ri zon soil sam ples at Acme An a lyt i cal Lim ited, Van -
cou ver, BC.

El e ments an a lyzed and de tec tion lim its for the aqua
regia – ICP-MS, INAA, En zyme Leach, and Mo bile Metal
Ion an a lyt i cal meth ods are listed in Table 1.
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Element
AR-ICP 

(ppm)

INAA 

(ppm)

MMI

(ppb)

EL

(ppb)

Ag 0.002 5 1 0.2
Al 100 1
As 0.1 0.5 10 1
Au 0.002 0.002 0.1 0.05
B 1
Ba 0.5 50 10 1
Be 2
Bi 0.02 1 0.8
Br 0.5 5
Ca 100 10000 10
Cd 0.01 1 0.2
Ce  3 5 0.1
Cl 2000
Co 0.1 1 5 1
Cr 0.5 5 100 20
Cs 1 0.1
Cu 0.01 10 3
Dy 1 0.1
Er 0.5 0.1
Eu 0.2 0.5 0.1
Fe 100 100 1
Ga 0.2 1
Gd 1 0.1
Ge 0.5
Hf 1 0.1
Hg 0.005 1 1SQ
Ho 0.1
I 2
In 0.1
K 100
Ir 0.005
La 0.5 0.5 1 0.1
Li 5 2
Lu 0.1
Mg 100 1
Mn 1 1
Mo 0.01 1 5 1
Na 100 100
Nb 0.5 1
Nd 5 1 0.1
Ni 0.1 20 5 3
Os 1
P 10
Pb 0.01 10 1
Pr 1 0.1
Pt 1 1
Pd 1 1
Rb 15 5 1
Re 0.01
Rh
Ru 1
S 20
Sb 0.02 0.1 1 0.1
Sc 0.1 5 100SQ
Se 0.1 3 5
Sm 0.1 1 0.1
Sn 200 1 0.8
Sr 0.5 50 10 1
Ta 0.5 1 0.1
Tb 0.5 1 0.1
Te 0.02 10 1
Th 0.1 0.5 0.1
Ti 10 3 100SQ
Tl 0.02 0.5 0.1

Tm 0.1
U 0.1 0.5 1 0.1
V 2 1
W 0.2 1 1 1
Y 5 0.5
Yb 0.5 1 0.1
Zn 0.1 50 20 10

Zr 5 1

TABLE 1. ELEMENTS DETERMINED BY AQUA REGIA –
INDUCTIVELY COUPLED PLASMA – MASS SPECTROMETRY
(AR-ICP), INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS 
(INAA), MOBILE METAL ION SM (MMI) AND ENZYME LEACHSM

(EL) ANALYSIS, WITH INSTRUMENTAL DETECTION LIMITS.
DETECTION LIMITS FOR ALL ELEMENTS BY EL AND MMI

ARE IN PARTS PER BILLION (PPB); ELEMENTS
DETERMINED BY AR-ICP AND INAA ARE IN PARTS PER

MILLION (PPM). EL RESULTS FOR CL, HG, SC AND TI ARE
SEMIQUANTITATIVE.



SURVEY AREAS

Mouse Mountain

Soil pro files were sam pled over part of the Mouse
Moun tain min eral oc cur rence (MINFILE 093G  003), a
prop erty lo cated 10 km east of Quesnel, BC and cur rently
be ing de vel oped by Rich field Ven tures Corp. Un du lat ing
to pog ra phy around Mouse Moun tain is typ i cal of the Fra ser 
River ba sin, where most of the sur face be low 1200 m is
drift cov ered (Hol land, 1976). Mouse Moun tain, a prom i -
nent un even rocky ridge ris ing to 1020 m, with a steeper
north west-fac ing slope and a gen tler south east-fac ing
slope, could be in ter preted as a roche moutonnée formed by 
re gional ice flow from the south east dur ing the late
Wisconsinan. Gla ciers ad vanced into the re gion from both
the Coast and Cariboo moun tains, re sult ing in ice-flow
events to wards the north and north west, re spec tively.
These ice-flow events were fol lowed by a later north west
ad vance from the Cariboo Moun tains only. Tip per (1971)
de scribed north-trending gla cial groves as a com mon gla -
cial landform in the area east of Quesnel and sug gested that
these fea tures could re flect ero sion by one or more gla cial
ad vance(s) (or glaciations) across the re gion. The ex tent of
the last gla cial ad vance into the Mouse Moun tain area is un -
cer tain. Gla cial sed i ments de pos ited on gen tler hill sides are 
typ i cally sandy till, whereas re worked till and col lu vium
oc cur on steeper slopes. Dur ing fi nal stages of deglaciation, 
ice blocked the Fra ser River and a large proglacial lake
filled much of the Fra ser River ba sin. Thick sand and clay
units near Prince George are typ i cal of sed i ments de pos ited
in this lake. Near Mouse Moun tain, how ever, an in ter mit -
tent thin ve neer of sand and gravel could be evidence of the
reworking of the underlying till by proglacial lake water
(Tipper, 1971).

Un dis turbed soil formed on the better drained gla cial
sed i ments is mainly a humo-fer ric Podzol that sup ports
Douglas-fir, white spruce, lodgepole pine, trem bling as pen
and pa per birch. These are spe cies typ i cal of the Douglas-
fir – white spruce eco log i cal subzone (Lord, 1982). Wil -
low, al der and dev ils club grow densely along val ley floors
and in wetlands. The area around Mouse Moun tain has
been ex ten sively logged and there is pres ently some dam -
age to tim ber by the mountain pine beetle.

Re gional ge ol ogy of the Mouse Moun tain area con -
sists of Tri as sic arc-re lated vol ca nic and sed i men tary rocks
and Ju ras sic in tru sive com plexes (Panteleyev et al., 1996;
Lo gan, 2008). Jonnes and Lo gan (2007) de scribed the ge ol -
ogy, Cu-Au min er al iza tion and al ter ation of the Mouse
Moun tain min eral prop erty in de tail, so only a sum mary
will be given here. There are three sep a rate north west-
trending zones of py rite, chal co py rite, mal a chite and az ur -
ite min er al iza tion within a car bon ate-potassic-al tered
monzonite stock that has in truded Up per Tri as sic Nicola
Group lapilli tuff. Siltstone and pyroxene ba salt also crop
out on the prop erty. Soil sam ples were col lected along tra -
verses cross ing the poorly ex posed Rain bow min er al ized
zone in the north west ern part of the prop erty. Where vis i -
ble, Cu-Au min er al iza tion at the Rain bow zone con sists of
dis sem i nated and vein-hosted py rite, chal co py rite, mal a -
chite and az ur ite, with traces of flu o rite, sphalerite and
bornite within an ker ite-fuch site-al tered monzonite. Up to
2500 ppm Cu and 100 ppb Au have been reported in rock
samples from this zone (Jonnes and Logan, 2007).

Shiko Lake

The Shiko (Redgold) min eral oc cur rence (MINFILE
093A  058) is a prop erty owned by R. Durfeld and is cur -
rently be ing de vel oped by NovaGold Re sources Inc. De -
tailed soil sam pling on this prop erty, lo cated north west of
Shiko Lake, fo cused on a partly drift-cov ered, steep-sided
ridge 2 km south of Mitch ell Bay on Quesnel Lake. The
north west-trending ridge (1020 m) on which the prop erty is 
sit u ated is typ i cal of the un du lat ing Fra ser Pla teau to the
west and is in con trast to the more rug ged Quesnel High -
lands (Hol land, 1976). Gla ciers ad vanced from the south -
east into the re gion from the Cariboo Moun tains, as sug -
gested by rare striations and cres cent-shaped rock gouges,
with ori en ta tions be tween 280º and 300º (north west), on
ice-pol ished out crop. Tip per (1971) de scribed and in ter -
preted var i ous gla cial land forms north and west of Quesnel
Lake as ev i dence for two dis tinct glaciations dur ing the
Pleis to cene. Given the prox im ity of Shiko Lake to the
Cariboo Moun tains, the gla cial sed i ments oc cur ring there
are likely the prod uct of the most re cent Late Wisconsinan
gla cial ad vance (i.e., Fra ser Gla ci ation) and sub se quent
deglaciation. A pre dom i nantly sandy till was de pos ited
that, on steeper slopes, has been mo bi lized and re worked
into col lu vium. Sand and gravel de pos ited dur ing
deglaciation have ac cu mu lated to a con sid er able thick ness
on the floors of ma jor val leys, such as the Horse fly River
val ley lo cated south of Shiko Lake. Levson and Giles
(1993) de scribed an ex po sure north of Horse fly where a
Late Wisconsinan diamicton and glaciofluvial sand and
gravel overlie Au-bearing Miocene gravel.

Humo-fer ric Podzolic and Brunisolic soils have de vel -
oped on the better drained sandy till, whereas or ganic and
Gleysolic soils are com mon in poorly drained de pres sions.
West ern red ce dar, white spruce and Douglas-fir, lodgepole 
pine, com mon pa per birch, black cot ton wood and trem -
bling as pen form the can opy. Wil low, al der and dev ils club
grow thickly in poorly drained ar eas. The ridge and sur -
round ing area have been extensively logged.

An early Ju ras sic in tru sive com plex, which was
emplaced in hornfelsed metasedimentary rocks,
volcaniclastic rocks and mas sive plagioclase-pyroxene ba -
salt, dom i nates the ge ol ogy of the Shiko Lake prop erty. The 
in tru sive stock con sists of an older bi o tite-pyroxene
monzodiorite phase and youn ger po tas sium-feld spar
syenite and al ka line-feld spar phases. The dom i nant phase
near the cen tre of the stock is a me dium to coarse-grained
monzonite con tain ing traces of mag ne tite, sphene and py -
rite. Fine-grained, pink quartz syenite veins and dikes in -
trude the monzonite and form an in tru sive brec cia that has a
ma trix con tain ing chal co py rite and py rite. At this min eral
oc cur rence, chal co py rite, bornite and gold oc cur in veins
and as coarse dis sem i na tions, mainly in the youn gest quartz 
syenite but also in the other in tru sive phases. Frac ture-con -
trolled per va sive po tas sium al ter ation and epidote al ter -
ation of the volcaniclastic rocks is as so ci ated with the Cu
min er al iza tion. Ear lier po tas sium and epidote al ter ation
has been cut by late-stage cal cite-filled veinlets (Lo gan and
Mihalynuk, 2005). Soil pro file sam pling fo cused on the
North, North east and East zones, where, in ad di tion to re -
cent di a mond-drill ing, a detailed overburden geochemical
survey has been completed by NovaGold Resources Inc.
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Soda Creek

Soil pro files were sam pled near Soda Creek in an area
west of the Fra ser River (Fig 1). With gently un du lat ing to
flat to pog ra phy at an el e va tion of 1000 m, this area has nu -
mer ous lakes and poorly de fined marshy streams. The land
sur face slopes steeply to wards the Fra ser River, re flect ing
ero sion of the pla teau ba salt cover. Tip per (1972) in ter -
preted a few drum lin-like land forms, vis i ble on air pho to -
graphs, as in di cat ing a north ward ice-flow event dur ing the
Late Wisconsinan Fra ser Gla ci ation. Till, ex posed in
roadcuts, has a silty clay ma trix and, in one sec tion sam -
pled, is car bon ate rich. Soils are pre dom i nantly Brunisolic
and or ganic, and sup port mainly white spruce, Douglas-fir
and lodgepole pine.

The Eocene to Pleis to cene Chil cotin Group pla teau ba -
salt, cov er ing Perm ian to Tri as sic Cache Creek ma rine sed -
i men tary and vol ca nic rocks, un der lies the area sur veyed.
The thick ness of the Chil cotin Group in the area around
Coy ote Lake is un known, but Mihalynuk (2007) pre dicted
that, close to the Fra ser River val ley, the thick ness of these
vol ca nic rocks may exceed 100 m.

PRELIMINARY RESULTS

Threshold Values

Mean, me dian, quartile and per cen tiles cal cu lated
from aqua regia di ges tion – ICP-MS anal y ses of 158 up per
B and lower B-ho ri zon sam ples are listed in Ta ble 2. Soil
Cu and Au re sults have been con toured with Man i fold GIS
soft ware to cre ate sec tions across the sur veyed ar eas us ing
me dian and quartile val ues for con tour in ter vals. Quartiles,
as op posed to per cen tiles, have been used be cause they are
a more ro bust sta tis tic when the data are sus pected to con -
tain sev eral pop u la tions. For ex am ple, up per B, lower B
and C-ho ri zon geo chem is try can be ex pected to rep re sent
sep a rate data pop u la tions and, ide ally, dif fer ent anom aly
thresh olds should be cal cu lated for each ho ri zon. The dif -
fer ence be tween up per B and lower B-ho ri zon geo chem is -
try is dem on strated us ing the T sta tis tic, which com pares
the means of the datasets for each el e ment in the two ho ri -
zons. The T sta tis tic is cal cu lated from the pooled vari ance
and the means from el e ment val ues for 79 up per B and 79
lower B-ho ri zon sam ples (Da vis, 1973). Ta ble 3 lists the T
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Element Units Median
1st 

quartile

3rd 

quartile

Upper 

fence

Maxi- 

mum
Mean

95th 

percentile

98th 

percentile

99th 

percentile

Ag ppb 73 46.5 129 252.75 580 99.29 228.2 376.2 470.84
Al % 1.605 1.28 2.33 3.905 3.83 01.79 3.016 3.3086 3.4358
As ppm 4.4 2.225 6.1 11.9125 13.2 04.45 9.33 10.93 12.288
Au ppb 1.2 0.225 3.275 7.85 239.1 07.68 28.69 99.394 142.054
Ba ppm 77.8 63.425 93.275 138.05 304.2 83.66 131.775 203.498 245.51
Bi ppm 0.09 0.07 0.12 0.195 0.26 00.10 0.17 0.1986 0.2143
Ca % 0.315 0.24 0.4 0.64 0.88 00.33 0.613 0.713 0.7686
Cd ppm 0.125 0.08 0.19 0.355 0.69 00.15 0.38 0.4672 0.6045
Co ppm 12.8 9.425 18.6 32.3625 34.4 14.27 27.115 30.79 32.188
Cr ppm 47.2 37.225 63.3 102.4125 128.8 53.10 92.98 104.534 119.167
Cu ppm 29.255 20.105 43.35 78.2175 482.95 48.82 157.9815 246.3706 276.7893
Fe % 3.06 2.4325 3.8975 6.095 6.79 03.18 4.8365 5.1216 5.9732
Ga ppm 5 4 6.7 10.75 13 05.45 9.115 10.23 11.229
Hg ppb 30 17 40.75 76.375 176 33.39 71.75 125.72 130.29
K % 0.07 0.05 0.11 0.2 0.4 00.09 0.2215 0.2586 0.333
La ppm 8.3 6.6 10.9 17.35 21.3 09.10 15 17.93 18.931
LOI % 6.4 4.5 8.5 14.5 22.5 06.72 10.675 13.994 16.648
Mg % 0.585 0.44 0.81 1.365 1.94 00.65 1.2215 1.303 1.4216
Mn ppm 294 223.5 375 602.25 2504 333.07 579.75 811.84 936.73
Mo ppm 0.59 0.4325 0.74 1.20125 6.09 00.74 1.741 2.8504 3.6046
Na % 0.008 0.006 0.014 0.026 0.035 00.01 0.028 0.029 0.03229
Ni ppm 32.5 24.75 53.925 97.6875 205 42.80 97.615 116.268 122.919
P % 0.0685 0.047 0.10125 0.182625 0.235 00.08 0.1616 0.185 0.22001
Pb ppm 4.685 4.035 5.875 8.635 15.35 05.22 9.576 10.6248 11.5679
S % 0.01 -0.01 0.01 0.04 0.05 00.00 0.02 0.03 0.0343
Sb ppm 0.195 0.1425 0.39 0.76125 0.76 00.26 0.5315 0.6072 0.7001
Sc ppm 3.2 2.7 4.2 6.45 11.9 04.07 10.015 11.272 11.615
Se ppm 0.3 0.2 0.4 0.7 1.7 00.29 0.6 0.872 0.9
Sr ppm 24.2 18.125 29.675 47 87.6 25.89 44.305 65.984 70.367
Te ppm 0.02 -0.02 0.03 0.105 0.14 00.01 0.06 0.1086 0.13
Th ppm 2 1.4 2.6 4.4 5.6 02.19 4.2 4.572 4.843
Ti % 0.083 0.065 0.1155 0.19125 0.637 00.10 0.1777 0.28906 0.44421
Tl ppm 0.06 0.05 0.0775 0.11875 0.19 00.06 0.1 0.11 0.1329
U ppm 0.4 0.3 0.4 0.55 1.6 00.39 0.6 0.6 1.5
V ppm 61 49 71 104 155 61.91 98.45 122.16 130.58
W ppm -0.1 -0.1 0.1 0.4 0.7 -00.03 0.2 0.286 0.3

Zn ppm 72 56.325 85.675 129.7 160.4 73.53 117.655 139.336 151.49

TABLE 2. STATISTICS FOR ELEMENTS DETERMINED BY AQUA REGIA – ICP-MS ANALYSIS IN 158 B-HORIZON
SAMPLES. THE UPPER FENCE VALUE HAS BEEN CALCULATED BY MULTIPLYING THE DIFFERENCE BETWEEN

THE 3RD AND 1ST QUARTILES BY 1.5.



sta tis tic at the 90% con fi dence level, to gether with the up -
per B and lower B means for each el e ment. At the 90% con -
fi dence level, for a sam ple size of 79, a T sta tis tic greater
than 2 in di cates that there is a sig nif i cant dif fer ence be -
tween pop u la tion means. Most el e ments (in clud ing Cu and
Au) do have a T sta tis tic that is greater than 2, al though Mo,
Ag, Pb and Mn have T sta tis tics less than 2, so there may be
no sig nif i cant dif fer ence be tween their means. An in ter pre -
ta tion of these re sults might be that, al though the dif fer ence
be tween the pop u la tion means for up per B and lower B el e -
ments is small, there is a sig nif i cant dif fer ence in the soil
chem is try for many of the el e ments. This dif fer ence could
be the re sult of dif fer ent soil-form ing pro cesses ac tive in
the two ho ri zons and also the pres ence or ab sence of met als
in tro duced from min er al ized bed rock. Care is needed when 
col lect ing samples from soil profiles to avoid the
misleading geochemical trends that are introduced by

mixing sample populations (e.g., different sample media
from different sample depths).

Element Associations

Cor re la tion ma tri ces were cal cu lated from el e ment
data for up per B, lower B and C-ho ri zon sam ples from the
Mouse Moun tain and Shiko Lake ar eas, to ex am ine vari a -
tions of el e ment as so ci a tion be tween soil ho ri zons. The
Soda Creek area was ex cluded be cause there is no con -
firmed source of metal for any geo chem i cal vari a tions in
the soil. Strong (less than +0.70 co ef fi cient) el e ment cor re -
la tions are re vealed be tween Cu, Co, Fe, Au, W and Se in
the C ho ri zon (53 sam ples); be tween Cu, Ag, Fe, Au, W and 
Se in the lower B ho ri zon (53 sam ples); and be tween Cu, V,
Al, Sc and Ga in the up per B ho ri zon (58 sam ples). The el e -
ment as so ci a tions show that there has been only slight mod -
i fi ca tion of the par ent gla cial sed i ment (till) geo chem is try
into the lower part of the soil pro file, but more re dis tri bu -
tion of elements due to soil-forming processes in the upper
part of the soil.

Mouse Mountain Results

Soil pro files were sam pled at 11 sta tions along tra -
verses north and south of High way 26. Fig ure 3 shows the
lo ca tion of pro files across the Mouse Moun tain Rain bow
min er al ized zone. The vari a tion of Cu and Au in the soil
over the Rain bow zone is dis played as con toured sec tions
in Fig ures 4 and 5. Cop per val ues gen er ally in crease with
depth from the B to the C ho ri zon, and the high est val ues
are in the C ho ri zon to wards the east end of the tra verse. In -
creased Cu in the soil from the B to the C ho ri zon may partly 
re flect a higher metal con tent in the <0.063 mm frac tion of
the gla cial sed i ment com pared to that in the <0.180 mm
frac tion in B-ho ri zon soil. At pro file 7, there is a C-ho ri zon
Cu anom aly (up to 123 ppm) with el e vated Ag, V and Hg,
and up to 16 ppb Au. The B-ho ri zon pH tends to in crease
from the up per B to the lower B, with most val ues be ing
above pH 6. To wards the east end of the tra verse, how ever,
where Cu and Au are higher the soil, pH is lower than at
profile 6.

Fig ure 6 shows the lo ca tions of eight ver ti cal pro files
along log ging roads south of High way 26, an area un der lain 
by ge ol ogy sim i lar to that at Mouse Moun tain. The aim of
sam pling this area was to com pare soil geo chem is try with a
re gion re mote from Mouse Moun tain and that is thought to
be unmineralized. Fig ure 7 shows that the high est Cu
(89.9 ppm) in the C ho ri zon at pro file 40 is as so ci ated with
el e vated V and Co and the low est B-ho ri zon pH val ues
(5.47) mea sured along the tra verse. While there are back -
ground lev els of Cu in pro file 39 to the west, the Hg con tent
of the C ho ri zon reaches 482 ppb. Gold val ues in the soil
west of pro file 40 are be low 5 ppb. How ever, to the east in
pro file 44, the Au con tent of the lower B ho ri zon in creases
to 24 ppb (Fig 8). Lower val ues were de tected in the un der -
ly ing C ho ri zon. The higher Au and Cu in pro files could re -
flect an un de tected Cu-Au-mineralized source to the south
of the traverse.

Shiko Lake

Fig ure 9 shows the lo ca tions of 30 ver ti cal pro files on
the Shiko Lake prop erty, where soil sam ples were taken.
The Cu and Au geo chem is try for only five of these pro files
will be de scribed here be cause they show el e ment vari a -
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Element Units

Upper B 

horizon 

mean

Lower B 

horizon 

mean

T 

statistic

Ag ppb 103.76 99.29 2.03
Al % 1.68 1.79 6.56
As ppm 4.01 4.45 6.27
Au ppb 5.01 7.68 3.96
Ba ppm 86.52 83.66 3.17
Bi ppm 0.10 0.10 0.12
Ca % 0.31 0.33 5.81
Cd ppm 0.17 0.15 5.53
Co ppm 12.77 14.27 9.70
Cr ppm 48.89 53.10 7.89
Cu ppm 40.61 48.82 5.43
Fe % 2.97 3.18 8.73
Ga ppm 5.32 5.45 2.82
Hg ppb 32.33 33.39 1.65
K % 0.09 0.09 4.29
La ppm 8.46 9.10 7.67
LOI % 7.05 6.72 4.55
Mg % 0.57 0.65 11.67
Mn ppm 336.13 333.07 0.54
Mo ppm 0.71 0.74 1.49
Na % 0.01 0.01 3.49
Ni ppm 35.73 42.80 10.59
P % 0.08 0.08 0.78
Pb ppm 5.20 5.22 0.36
S % 0.00 0.00 2.25
Sb ppm 0.25 0.26 4.43
Sc ppm 3.54 4.07 8.82
Se ppm 0.27 0.29 4.89
Sr ppm 24.17 25.89 5.96
Te ppm 0.01 0.01 1.57
Th ppm 1.96 2.19 9.42
Ti % 0.09 0.10 3.20
Tl ppm 0.06 0.06 5.60
U ppm 0.36 0.39 6.70
V ppm 58.76 61.91 6.05
W ppm -0.03 -0.03 0.19

Zn ppm 78.12 73.53 7.61

TABLE 3. T STATISTICS FOR ELEMENTS
DETERMINED BY AQUA REGIA – ICP-MS

ANALYSIS IN UPPER AND LOWER B-HORIZON
SAMPLES. DATA FROM ALL SAMPLE AREAS

WERE USED TO CALCULATE THE STATISTICS
REPRESENTED HERE.



tions par al lel to the re gional ice-flow di rec tion (i.e., in the
down-ice di rec tion). In ad di tion to the an a lyt i cal re sults
gen er ated by this study, there is a large da ta base of bed rock, 
over bur den and soil geo chem i cal re sults gen er ated by
NovaGold Re sources ex plo ra tion work on and around the
prop erty. Al though these com pany data will be used in con -
junc tion with new anal y ses from this study when they are
avail able, they will only be used at this time to iden tify ap -
par ent el e ment as so ci a tions in bed rock and till, and to cor -
rob o rate the trends ob served in se lected soil pro files. For
ex am ple, an el e ment cor re la tion ma trix from data for 486
com pany anal y ses of over bur den sam ples col lected greater
than 1 m be low the sur face re veals an as so ci a tion
(coefficient greater than +0.45) between Cu, V and Co, and
between Ag, Cd and Pb.

Fig ure 10 shows Cu vari a tion in soil be tween pro -
files 56 and 59. The high est Cu re corded is 1096 ppm in the
C ho ri zon of pro file 60 at the south east ern end of the tra -
verse. In this pro file, Cu val ues in crease from 155 ppm in
the up per B ho ri zon to 1096 ppm in the C ho ri zon. A com -
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Fig ure 4. Con toured Cu in soil over the Rain bow zone, Mouse Moun tain.

Fig ure 5. Con toured Au in soil over the Rain bow zone, Mouse Moun tain.

Fig ure 3. Soil pro file lo ca tions over the Rain bow zone, Mouse
Moun tain (ge ol ogy af ter Jonnes and Lo gan, 2007).



pany over bur den sam ple (S-28-18-6), taken near pro -
file 60, con tained 487 Cu and 69 ppb Au at 1 m depth. Both
lower B and C-ho ri zon sam ples at pro file 60 also have el e -
vated Ag, Co, V and W, with up to 244.8 ppb Au in the C ho -
ri zon. El e ment con cen tra tions fall sharply from pro file 60
to 62, and Cu val ues are typ i cally be low 120 ppm for soil
sam pled north west of pro file 62. Gold val ues, shown in
Fig ure 11, are more vari able along the tra verse and reach a
max i mum 156 ppb in the lower B ho ri zon at pro file 56. This 
max i mum Au value corresponds to the highest Cu content
in the soil.

Soda Creek

Soil sam ples were taken from ver ti cal pro files lo cated
at in ter vals of about 1 km along two tra verses that par al -
leled for estry ac cess roads east and north of Yorston and
Coy ote lakes (Fig 12). Soil pro files were sam pled to de ter -
mine if the source of a gov ern ment re gional geo chem i cal
sur vey (RGS) Cu-Ni anom aly in stream sed i ments col -
lected from Coy ote Creek (Jackaman, 2001) could be de -
tected. Cop per con tent in the orig i nal stream sed i ment sam -
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Fig ure 7. Con toured Cu in soil from pro files south of Mouse Moun tain.

Fig ure 8. Con toured Au in soil from pro files south of Mouse Moun tain.

Fig ure 6. Lo ca tions of soil pro files in the area south of High way 26.



ple (93B805009) was 164 ppm and the Ni con tent was
190 ppm. A stream sed i ment sam ple col lected as part of this 
study from roughly the same stream site and an a lyzed by a
sim i lar method (<0.180 mm size frac tion and aqua regia di -
ges tion – ICP-MS) con tained 33.4 ppm Cu and 72.6 ppm
Ni. Al though the sed i ment has only back ground Cu val ues,
it still has anom a lous Ni as de fined by Jackaman (2001) for
the NTS 93B re gional sur vey 95th per cen tile. Part of the
geo chem i cal vari a tion be tween the two sam ples may be due 
to the high or ganic con tent of the sed i ment and the stag nant
char ac ter of the stream. Weath ered ve sic u lar ba salt boul -
ders lined the stream reach that was sam pled, and weath er -
ing of these boul ders could con trib ute some of the Cu and
Ni to the sed i ment. Soil pro file sam pling was also aimed at
de tect ing a pos si ble north west min eral-rich trend re vealed
by con toured RGS Cu values. This trend extends beneath
the plateau basalts from Quesnel Terrane rocks in the east.
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Fig ure 10. Con toured Cu in soil be tween pro files 56 and 59, Shiko Lake.

Fig ure 11. Con toured Au in soil from be tween pro files 56 and 59, Shiko Lake.

Fig ure 9. Soil pro file lo ca tions over the Shiko Lake prop erty (ge ol -
ogy af ter Massey et al., 2005).



Fig ures 13 and 14 show con toured soil Cu and Ni along 
the north-south tra verse. Cop per is rel a tively uni form
along the tra verse and the high est value (50.1 ppm) oc curs
in the C ho ri zon at pro file 20. There is more vari a tion in Ni,
how ever, and val ues reach 124.9 ppm in the lower B ho ri -
zon at pro file 23. The anom a lous Ni is as so ci ated with el e -
vated Cr, Fe and Mg, sug gest ing that the source for these
met als may be ultra mafic rock in cor po rated in the till from
a source area to the south. Soil pH val ues range from 5.26 in 
the up per B ho ri zon to 7.11 in the lower B, and there is no
ob vi ous re la tion ship be tween Ni and Cu chem is try and soil
pH. There are no sig nif i cant changes in Cu and Ni val ues in
soil along the east-west tra verse (pro files 10–19 in Fig 11),
al though the high est Ni value from this study (102.7 ppm)
oc curs in the C ho ri zon at pro file 19. Most Ca val ues in soil
(from ei ther tra verse) are be low 0.5%, but el e vated Ca
(2.81%) in the C ho ri zon at pro file 11 cor re sponds to a
strong soil re ac tion with di lute (10%) hy dro chlo ric acid.
This Ca-rich C horizon could be till derived from Cache
Creek Group rocks to the south.
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Fig ure 13. Con toured Cu in soil along a north-south tra verse, Yorston and Coy -
ote lakes (Soda Creek) area.

Fig ure 14. Con toured Ni in soil along a north-south tra verse, Yorston and Coy -
ote lakes (Soda Creek) area.

Fig ure 12. Pro file lo ca tions in the Yorston and Coy ote lakes (Soda
Creek) area. Ab bre vi a tion: RGS, re gional geo chem i cal sur vey.



DISCUSSION

There will only be a pre lim i nary dis cus sion of geo -
chem i cal re sults in this pa per be cause var i ous anal y ses
(e.g., En zyme LeachSM, Soil Gas Hy dro ly sisSM and Mo bile
Metal IonSM) are still pend ing, and these ad di tional data are
nec es sary for a full in ter pre ta tion of the soil geo chem is try
within the ar eas stud ied. An as so ci a tion of Cu and Au with
Ag, V±W and ±Co in the lower B and C ho ri zons at Mouse
Moun tain and Shiko Lake most likely re flects de tri tal trans -
port in till of ma te rial from min er al ized bed rock. At Mouse
Moun tain, the re gional ice flow is from the south and, at
Shiko Lake, it is from the south east. Al though sam pling at
Mouse Moun tain has not been suf fi cient to de fine the ex -
tent of a till dis persal train, the soil sam pling at Shiko Lake,
cou pled with an ex am i na tion of re sults from a com pany till
pro gram, sug gest that dis persal trains are rel a tively short
and per haps less than 0.5 km. Levson (2001) re ported a dis -
place ment dis tance of less than 100 m for near-sur face geo -
chem i cal anom a lies in ar eas where the till thick ness was
less than 1 m, whereas the anom a lies in thicker till could be
dis placed more than 500 m from their bed rock source.
Given the re gional ice-flow di rec tion, the Cu-Au-V-Co
anom aly in the C ho ri zon south of Mouse Moun tain is in -
trigu ing be cause it sug gests a pres ently un known min eral
source to the south in Nicola Group rocks. Near Yorston
and Coy ote lakes, west of Soda Creek, the anom a lous Ni
val ues in soil are most likely caused by ultramafic rock
entrained in the till and transported from the Cache Creek
Group to the south.

A pro vi sional model is pro posed here for the trans port
of el e ments from bed rock into soil based on the geo chem i -
cal pat terns re vealed in the soil pro files. The lower B ho ri -
zon is a prod uct of the un der ly ing C ho ri zon (till), so the
geo chem is try of the lower B ho ri zon is most closely re lated
to this low er most ho ri zon. Re dis tri bu tion of el e ments in the 
up per B ho ri zon by soil-form ing pro cesses ex plains the
geo chem i cal dif fer ence be tween the up per and lower B ho -
ri zons. The up per B ho ri zon is the part of the soil pro file
where ad sorp tion of el e ments to sec ond ary min er als (e.g.,
Fe and Mn ox ides) is most ac tive. Hence, re agents that se -
lec tively re move metal bound to ox ide and other min er als
will be most ef fec tive for en hanc ing anom aly con trast and
for de tect ing sub tle geo chem i cal changes caused by the
pres ence of min er al ized ma te rial. Su per im posed on the soil
chem is try (that is re lated to dis persal of met als in till) may
be a sec ond ary sig na ture of near-ver ti cal mi gra tion of vol a -
tile el e ments such as halo gens or halo gen-metal com plexes
(Cook and Dunn, 2007). Fig ure 15 is a pro vi sional model
show ing the re la tion ship be tween these var i ous el e ment
dis per sion path ways. In the model, Cu, Ag, Au, W, V, Co,
Se and Hg from por phyry-style min er al iza tion be neath till
con trib ute to a de tri tal dis persal train down-ice from the
source of min er al ized ma te rial. The ver ti cal pro jec tion of
min er al ized subcrop onto the till layer is shown with the ex -
pected trace of vol a tile com po nents mi grat ing up ward from 
bed rock. Both of the pat terns are re flected in the lower B-
ho ri zon layer, but the soil anom aly re lated to till geo chem -
is try in the up per B ho ri zon is more dis persed and larger.
The model has not attempted to predict different element
patterns that might be expected in soil due the varying
mobility in response to changing soil pH.

CONCLUSIONS

• Anom a lous Cu and Au with Ag, V±W and ±Co in the C 
and lower B ho ri zons ap pears to re flect bed rock Cu-
Au min er al iza tion.

• Dif fer ences be tween lower and up per B-ho ri zon soil
chem is try have im pli ca tions for soil sam pling dur ing
rou tine geo chem i cal sur veys. The lower B ho ri zon
(gen er ally more than 20 cm be low the sur face lit ter ho -
ri zon) is more ef fec tive for de tect ing min er al ized bed -
rock dis persed in till, as it is the de riv a tive of this low -
er most ho ri zon. The shal low up per B ho ri zon,
how ever, is most com monly sam pled, even though
metal con cen tra tions in this ho ri zon are less re lated to
those in un der ly ing till (first de riv a tive of bed rock),
since they are more the re sult of var i ous soil-form ing
and hydromorphic pro cesses. The lower B and C ho ri -
zons and till are pre ferred for rou tine soil sur veys, pro -
vided that the gen e sis of the par ent gla cial ma te rial can
be in ter preted with con fi dence (in clud ing trans port di -
rec tion), and colour and texture variations down soil
profiles can be recognized in the field.

• A pro vi sional model for el e ment dis per sion from Au-
Cu por phyry min er al iza tion into soil pre sented here
dis tin guishes be tween geo chem i cal anom a lies that
could form by ice-trans ported ma te rial (i.e., de tri tal
trans port) and el e ments that may have mi grated as vol -
a tile com pounds. Fur ther sam ple anal y ses for el e ments 
and or ganic com pounds will fo cus on con firm ing this
model. Re sults of this re search will be pub lished as a
Brit ish Columbia Geological Survey GeoFile in 2008.
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Fig ure 15. Pro vi sional model for the trans port of el e ments from
min er al ized bed rock into soil.
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Towards a Drainage Geochemical Atlas of British Columbia

by R.E. Lett, E.C. Man and M.G. Mihalynuk

KEYWORDS: re gional geo chem i cal sur veys, con tour ing,
geo chem i cal atlas

INTRODUCTION

Drain age geo chem i cal sur veys uti lize a com bi na tion
of wa ter and stream or lake sed i ment me dia col lec tion and
chem i cal anal y sis for rapid and ef fec tive eval u a tion of min -
eral re sources within flu vial catch ment ar eas. Low-den sity
sur veys (typ i cally at a den sity of one sam ple site per
~10 km2) are a cost-ef fec tive method for re gional min eral
ex plo ra tion cov er ing thou sands of square kilo metres.
Drain age geo chem i cal sur veys are based on the prin ci pal
that the bed rock and surficial ge ol ogy un der ly ing the drain -
age catch ment area up stream from a sam ple site will be re -
flected in the sed i ment chem is try. Back ground el e ment
vari a tions in drain age sed i ment can char ac ter ize the source
bed rock geo chem is try and may out line met al lo gen ic belts.
El e vated metal con tents may in di cate min er al ized bed rock
or rock types that are the po ten tial hosts of eco nomic min -
eral de pos its. How ever, low den sity (e.g., an av er age of one 
sam ple per 13 km2 in Brit ish Co lum bia) sampling is not
sufficient to detect all mineral deposits unless their surface
exposure is substantial.

In ter na tion ally, re gional sur veys for geo chem i cal
map ping, met al lo gen ic stud ies and min eral ex plo ra tion
have been car ried out by gov ern ments and min ing com pa -
nies for over 30 years. Darnley (1990) re ported on the be -
gin ning of an in ter na tional geo chem i cal map ping (IGM)
pro ject in 1988 that was spon sored by the In ter na tional Un -
ion of Geo log i cal Sci ences and UNESCO. Since then, there 
have been more ex am ples of na tional map ping sur veys
from many coun tries, in clud ing the United King dom (Plant 
et al., 1989, 1997), Green land (Steenfeld, 1993) and China
(Xie and Ren, 1993). The re sults of na tional geo chem i cal
sur veys are com monly dis played in the form of an at las that
shows the spa tial dis tri bu tion of el e ments as ei ther sym bol
or con tour maps. One of the first of these to be pro duced
was the Wolfson Geo chem i cal At las of Eng land and Wales
(Webb, 1978); since then, there have been sev eral oth ers,
such as the Geo chem i cal Atlas of Alaska (Weaver, 1983).

Much of Brit ish Co lum bia is a moun tain ous ter rain
with nu mer ous rivers, an ideal phys i og ra phy for the ap pli -
ca tion of drain age geo chem i cal map ping. Con se quently,
the BC Geo log i cal Sur vey started a re gional stream sed i -
ment and stream wa ter geo chem i cal sur vey (RGS) in 1976
as part of the Geo log i cal Sur vey of Can ada’s Na tional Geo -
chem i cal Re con nais sance Pro gram (NGR). Since its in cep -

tion, 70% of the prov ince has been sur veyed, with the col -
lec tion and multi-el e ment anal y sis of more than 50 000
stream sed i ment, lake sed i ment and sur face wa ter sam ples
at an av er age den sity of one sam ple per 13 km2. Since 2006, 
Geoscience BC has con trib uted to the RGS da ta base with
in for ma tion from stream and lake sediment geochemical
surveys (e.g., Jackaman, 2006).

With the wide spread use of per sonal com put ers, multi-
el e ment RGS data anal y sis and spa tial anal y sis have been
used to iden tify re gions of high min eral po ten tial. The data
have also proven use ful for es tab lish ing en vi ron men tal
baseline geochemistry.

Ad van tages of the RGS for geo chem i cal map ping are
that 1) few changes have been made to an a lyt i cal and sam -
ple prep a ra tion meth ods since the start of the sur vey, and 2)
strict qual ity con trol has been main tained dur ing sam ple
prep a ra tion and anal y sis. Thus, the data from all sur vey ar -
eas can be com bined into a rel a tively seam less geo chem i cal 
da ta base. This pa per re ports on the first, com pre hen sive,
prov ince-wide, geo chem i cal at las prod ucts aris ing from
the in te gra tion of this da ta base through the use of GIS spa -
tial anal y sis. The Geo chem i cal At las of Brit ish Co lum bia
(Lett et al., in press) is an on go ing pro ject, with up dates of
the at las an tic i pated as new data come avail able to aug ment
the stream sed i ment, moss-mat sed i ment (moss sed i ment)
and lake sed i ment re sults that are distributed over
approximately 70% of the province, as shown in Figure 1.

SOURCE DATA

In for ma tion used to cre ate the Geochemical Atlas of
Brit ish Co lum bia has been ex tracted from the Brit ish Co -
lum bia Re gional Geo chem i cal Sur vey da ta base, a
Microsoft Ac cess® da ta base im ple mented in the late 1980s
and most re cently re vised in 2007 for the BC Geo log i cal
Sur vey’s MapPlace por tal. Among the da ta base ta bles used
for the atlas are the following:

RGS Sam ple Lo ca tion In for ma tion: This ta ble has a
unique sam ple iden ti fi ca tion num ber that com bines NTS
map sheet, year and sam ple num ber. It also con tains a code
for the sam ple type (e.g., 1, stream sed i ment; 7, moss-mat
sed i ment; 9, lake sed i ment), lo ca tion co-or di nates (UTM
Zone, north ing and easting, da tum used [i.e., NAD 83]) and 
a qual ity-con trol sam ple code iden ti fy ing field rep li cate
sam ples. There are pres ently 56 475 sample locations in the
database.

RGS Field Stream Lake: This ta ble has all of the field in -
for ma tion for stream sed i ment, lake sed i ment and sur face
wa ter sam ples. It in cludes such cri te ria as wa ter col our,
stream depth, stream width, bank com po si tion and sed i -
ment tex ture.

RGS Rou tine Wa ter: This ta ble in cludes pH, F and U re -
sults from the anal y sis of sur face stream and lake wa ter. For 
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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 BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
cat_fldwk.htm



re cent sur veys (since 2002), wa ter con duc tiv ity was also
re corded.

RGS Stream Sed i ment AAS: This ta ble com prises an a lyt -
i cal data for stream sed i ment, moss-mat sed i ment and lake
sed i ment an a lyzed by an aqua regia (HCl-NHO3) di ges tion
fol lowed by atomic ab sorp tion spectrophotometry (AAS).
The ta ble also in cludes the re sults for sam ples an a lyzed for
Au by lead-col lec tion fire as say (FA) and AAS, and for
loss-on-ig ni tion at 500oC.

RGS Stream Sed i ment ICP-MS: This ta ble com prises an -
a lyt i cal data for stream sed i ment, moss-mat sed i ment and
lake sed i ment an a lyzed by an aqua regia (HCl-NHO3) di -
ges tion fol lowed by in duc tively cou pled plasma – mass
spec trom e try (ICP-MS).

RGS Stream Sed i ment INAA: This ta ble com prises an a -
lyt i cal data for stream sed i ment, moss-mat sed i ment and
lake sed i ment de ter mined by in stru men tal neu tron ac ti va -
tion anal y sis (INAA).

Data Merging — Analytical Methods
Comparison

The RGS da ta base com prises an a lyt i cal re sults for
more than 70 el e ments de ter mined by a com bi na tion of

aqua regia – AAS, aqua regia – ICP-MS and INAA. How -
ever, prov ince-wide cov er age ex ists for only 40 of these
el e ments and the data can be used to cre ate maps show ing
their re gional vari a tion. Thirty of the el e ments are not con -
sid ered be cause they are de ter mined by a va ri ety of meth -
ods that pro duce in com pat i ble re sults. In ad di tion, the data
may be lim ited by high in stru men tal de tec tion limit,
interelement in fer ences or anal y sis of only a small num ber
of samples for a particular element (e.g., Sn).

All of the sam ples have been an a lyzed for a core group
of ore-in di ca tor el e ments (e.g., Au, Cu, Co, Ni, Pb, Zn), but
there ex ist dif fer ences in the de tec tion lim its for aqua regia
– AAS and aqua regia – ICP-MS, as shown in Ta ble 1. Sam -
ples from sur veys prior to 1999 were an a lyzed by aqua
regia – AAS, whereas those from more re cent sur veys were
an a lyzed by aqua regia – ICP-MS, and there are few ex am -
ples where drain age sam ples were an a lyzed by both meth -
ods. As a ba sis for com par i son be tween these two main an a -
lyt i cal tech niques, 1152 stream sed i ments from the
McLeod Lake re gional sur vey that were ini tially an a lyzed
by aqua regia – AAS were later reanalyzed by aqua regia –
ICP-MS for up to 37 el e ments, in clud ing Cu (Lett and
Bluemel, 2006). Near-per fect cor re la tion be tween the two
meth ods is shown for Cu in Fig ure 2, where the scatterplot
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Fig ure 1. Dis tri bu tion of stream sed i ment, moss-mat sed i ment (moss sed i ment) and lake sed i ment geo chem i cal sam ple sites in Brit ish Co -
lum bia.



shows a strong lin ear re la tion ship with a cor re -
la tion co ef fi cient of +0.957. Sim i lar cor re la -
tion be tween the orig i nal and reanalyzed re -
sults for other el e ments of the McLeod Lake
sur vey, es pe cially those that un der went es sen -
tially the same di ges tion method used since the
start of the RGS pro gram, jus tify the merger of
AAS and ICP-MS an a lyt i cal re sults into
datasets for pro duc tion of maps for the Geo -
chem i cal Atlas of Brit ish Co lum bia. A mod i -
fied form of ex plo ra tion data anal y sis has been
used to com pare pop u la tions of data pro duced
by dif fer ent an a lyt i cal techniques, because few 
samples from the broader RGS database have
been reanalyzed by aqua regia – ICP-MS.

EXPLORATION DATA
ANALYSIS

Ex plo ra tion data anal y sis (EDA) is de -
signed to de tect trends or struc tures in geo -
chem i cal data. It in volves graph i cal and nu -
mer i cal tech niques that are in de pend ent of
as sump tions about el e ment dis tri bu tions. In

this way, EDA re solves prob lems re lated to the com mon
fail ure that sta tis ti cal as sump tions have in de scrib ing real
data, and the over whelm ing in flu ence that large pop u la -
tions have on smaller but of ten sig nif i cant dis tri bu tions
(Kurzl, 1988). Box plots and Q-Q plots can also be used to
com pare geo chem i cal data, such as sub sets from the RGS
da ta base gen er ated by dif fer ent an a lyt i cal meth ods and
from dif fer ent sam ple me dia. Pseudo – box plot di vi sions
have been con structed from the fol low ing statistical ranges
to compare datasets. The divisions are as follows:

Lower fence (Q1 – 1.5(Q3 – Q1)) — also known as
interquartile range/whis ker

First quartile 1

Me dian

Third quartile 3

Up per fence (Q3 + 1.5(Q3 – Q1)) — also known as
interquartile range/whis ker

Val ues above or be low the fences are con sid ered out li ers

Based on the tech niques de scribed by Kurzl (1988)
and Grunsky (2007), a pseudo – box plot ap proach has been 
ap plied to sta tis ti cally ex am ine the re la tion ship be tween
the re sults pro duced by the dif fer ent an a lyt i cal meth ods.
An ex am ple of a pseudo – box plot for Cu by AAS and ICP-
MS is shown in Fig ure 3. All of the box plots will ac com -
pany maps in the fi nal Geo chem i cal At las of Brit ish Co lum -
bia (Lett et al., in press). The graphs can be used to de ter -
mine if the data need to be lev elled with a cor rec tion fac tor
so that mis lead ing trends in plot ted data are avoided. The
first stage of the sta tis ti cal anal y sis has been to cal cu late
me dian, 1st quartile, 3rd quartile, and ‘fence’ val ues from
Pb, Co, V, Fe, Mo, Hg, Sb, Cd, Bi, Zn and Cu re sults by
AAS and ICP-MS. These sta tis tics were plot ted as a func -
tion of con cen tra tion on a sim ple line graph to pro duce a
pseudo – box plot. In the same fash ion, U by de layed neu -
tron count ing (NADNC) was com pared to U by INAA, and
Au by INAA was com pared to the data pro duced by lead-
col lec tion fire as say – AAS. Ar senic re sults by AAS, ICP-
MS and INAA were also com pared, and the sim i lar ity be -
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Element Units ICP-MS AAS

Ag ppb 2 100

Al % 0.01 nd
As ppm 0.1 1
Au* ppb 0.2 nd
B ppm 1 nd
Ba ppm 0.5 nd
Bi ppm 0.02 nd
Ca % 0.01 nd
Cd ppm 0.01 0.1
Co ppm 0.1 2
Cr ppm 0.5 nd
Cu ppm 0.01 2
Fe % 0.01 0.01
Ga ppm 0.2 nd
Hg ppb 5 5
K % 0.01 nd
La ppm 0.5 nd
Mg % 0.01 nd
Mn ppm 1 5
Mo ppm 0.01 1
Na % 0.001 nd
Ni ppm 0.1 2
P % 0.001 nd
Pb ppm 0.01 2
S % 0.02 nd
Sb ppm 0.02 1
Sc ppm 0.1 nd
Se ppm 0.1 nd
Sr ppm 0.5 nd
Te ppm 0.02 nd
Th ppm 0.1 nd
Ti % 0.001 nd
Tl ppm 0.02 nd
U ppm 0.1 nd
V ppm 2 5
W ppm 0.2 nd
Zn ppm 0.1 2

TABLE 1. INSTRUMENTAL DETECTION 
LIMITS FOR ELEMENTS DETERMINED 

BY AQUA REGIA – AAS AND AQUA
REGIA – ICP-MS.

Fig ure 2. Scatterplot for 1152 stream sed i ment sam ples from the McLeod Lake
map sheet (NTS 93J) ini tially an a lyzed for Cu by aqua regia – AAS and later
reanalyzed for Cu by aqua regia – ICP-MS (Lett and Bluemel, 2006). Ab bre vi a -
tions: ppm Cu-AAS, Cu by AAS (ppm); ppm Cu-ICPMS, Cu by ICP-MS (ppm).



tween re sults pro duced by all three meth ods jus ti fied merg -
ing the three datasets. This is the only case where INAA
results were merged with aqua regia – ICP-MS/AAS results 
(Lett et al., in press).

Com par i son of pseudo – box plots re veals that most
RGS el e ments have al most iden ti cal me dian and quartile
val ues for AAS, ICP-MS and INAA meth ods, in di cat ing
that no lev el ling is needed. Con se quently, data from the fol -
low ing meth ods can be merged into a sin gle file for map
plotting:

Pb — AAS with ICP-MS

Co — AAS with ICP-MS

U — NADNC with INAA

V — AAS with ICP-MS

Au — FA with INAA

Fe — AAS with ICP-MS

Mo — AAS with ICP-MS

Mn — AAS with ICP-MS

Ni — AAS with ICP-MS

Hg — AAS with ICP-MS

As — AAS with ICP-MS or INAA

Sb — AAS with ICP-MS

Cd — AAS with ICP-MS

Bi — AAS with ICP-MS

Zn — AAS with ICP-MS

Cu — AAS with ICP-MS

DATA MERGING — SAMPLE MEDIA
COMPARISON

El e ment data for stream sed i ment, moss-mat sed i ment
and lake sed i ment were com pared us ing pseudo – box plots
in the same way that dif fer ent an a lyt i cal meth ods were
treated. Data from the same an a lyt i cal tech nique (e.g., aqua
regia – AAS) were used to com pare two dif fer ent sam ple
types, such as stream sed i ment and moss-mat sed i ment. An
ex am ple of a pseudo – box plot for Cu in stream sed i ment

com pared to lake sed i ment and moss (moss-mat) sed i ment
is shown in Fig ure 4. Lev el ling of moss-mat sed i ment or
lake sed i ment data to stream sed i ment data was car ried out
with Q-Q graphs, where the 1st quartile, 3rd quartile, me -
dian, lower fence and up per fence for each sam ple me dia
dataset were plot ted on a scat ter graph. Least-squares best-
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Fig ure 3. Pseudo – box plot com par ing me dian, quartile and fence
val ues for Cu by AAS and ICP-MS. The graph was pre pared from
46 379 AAS de ter mi na tions and 12 132 ICP-MS de ter mi na tions.
Q1 and Q3 are the 1st and 3rd quartiles, re spec tively. Ab bre vi a tions: 
Cu_ICPMS, Cu by ICP-MS; Cu_AAS, Cu by AAS.

Fig ure 4. Pseudo – box plot com par ing Cu in stream sed i ment
(Cu_Stream) with Cu in moss-mat sed i ment (Cu_Moss) be fore lev -
el ling. Q1 and Q3 are the 1st and 3rd quartiles, re spec tively.

Fig ure 5. Pseudo – box plot com par ing Cu in stream sed i ment
(Cu_Stream Lev elled) with Cu in moss-mat sed i ment (Cu_Moss
Lev elled) af ter lev el ling. Q1 and Q3 are the 1st and 3rd quartiles, re -
spec tively.

Fig ure 6. Ex am ple of a Q-Q plot for Cu in stream sed i ment and Cu
in moss (moss-mat) sed i ment.



fit re gres sion lines were gen er ated (in the sim ple form, y =
mx + b, where ‘m’ is the slope and ‘b’ is the in ter cept) and a
com mon in ter cept (‘b’) was used to level the moss-mat sed -
i ment or lake sed i ment el e ment val ues with stream sed i -

ment data. A pseudo – box plot is shown in Fig ure 5 and an
ex am ple of a Q-Q plot for Cu is shown in Fig ure 6. Sub sti -
tut ing the an a lyzed moss-mat and lake sed i ment val ues
(‘x’) into the equa tion for stream sed i ment re sults in trans -
formed data dis tri bu tions with a least-squared best-fit re -
gres sion line hav ing a slope (‘m’) and intercept (‘b’) like
that of stream sediment data distribution for the element of
interest.

MAP PLOTTING

Of the 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 85th,
90th, 95th, 98th and 99th per cen tile val ues cal cu lated from the
raw and lev elled data for each el e ment, only those above
the 50th per cen tile were used for plot ting the at las maps.
The unlevelled and lev elled Cu and Ni val ues that cor re -
spond to the per cen tiles shown on the maps are listed in Ta -
ble 2. Per cen tiles for the lev elled data were used as in ter vals 
for con tours on the at las maps. The maps were pre pared us -
ing both ESRI ArcMap® 9.2 and Man i fold Sys tem 8. Each
pro gram pro duces slightly dif fer ent rep re sen ta tions, but
the same trends and pat terns are main tained. At trib ute ta -
bles for each el e ment were que ried and im ported from
Microsoft Ac cess. Con tours were cre ated by kriging us ing
the spa tial anal y sis tool in each pro gram. Out put cell size

Geo log i cal Field work 2007, Pa per 2008-1 65

Percen- 

tile

Cu NL 

(ppm)

Cu L 

(ppm)

Ni NL 

(ppm)

Ni L 

(ppm)

10 9 9 5 4.68
20 13 13 8 8
30 17 17 12 12
40 21 21 15 16
50 26 25 19 20
60 31 30 24 25
70 38 37 30 31
80 47 46 40 41
85 54 52 48 49
90 65 61 62 64
95 89 80 94 95
98 132 114 148 148

99 170 151 250 251

TABLE 2. LEVELLED AND UNLEVELLED CU
AND NI VALUES FOR THE PERCENTILES

USED FOR CONTOURING IN FIGURES 7, 8,
AND 9. ABBREVIATIONS: L, LEVELLED; NL,

UNLEVELLED.

Fig ure 7. Con toured unlevelled Cu from merged AAS and ICP-MS stream sed i ment, lake sed i ment and moss (moss-mat) sed i ment data.



was set to 0.05 of a de gree, the search ra dius was set to ‘pro -
gram de ter mined’ and the num ber of neigh bour points on
which to base the pre dic tion was set to 10. The re sul tant ras -
ter sur face was com bined with data from the digital
geographic base map of British Columbia.

Con toured maps plot ted from unlevelled and lev elled
Cu data are shown in Fig ures 7 and 8. Al though the Cu
trends are es sen tially the same in both con toured maps,
there is an en hance ment of Cu geo chem is try in the
unlevelled dataset (Fig 7) for some parts of Brit ish Co lum -
bia, such as Van cou ver Is land. This ap par ent en hance ment
re flects dif fer ences in the sam ple me dia, with higher Cu
back ground in the moss-mat sed i ments that were col lected
mainly on Van cou ver Is land, com pared to stream sed i ments 
col lected in most other parts of the prov ince. The lev elled
drain age sed i ment Cu data (Fig 8) re veal sev eral belts
where the el e vated Cu shows a spa tial re la tion ship to geo -
log i cal ter ranes. For ex am ple, north west-trending belts of
el e vated sed i ment Cu in cen tral BC cor re spond to the vol -
ca nic is land-arc se quences that form much of Quesnel
Terrane. The out line of the Quesnel Terrane on the con -
toured Cu map is shown in Fig ure 8. Con toured Ni val ues in 
Fig ure 9 il lus trate how this el e ment can help outline
metallogenic belts when the data are presented in an atlas
format.

CONCLUSIONS

• Se lected Pb, Co, V, Fe, Mo, Hg, Sb, Cd, Bi, Zn and Cu
data for up to 56 000 re con nais sance-scale stream, lake 
and moss-mat drain age sur vey sed i ment sam ples have
been com piled to form the ba sis for the Geo chem i cal
At las of Brit ish Co lum bia.

• Lev el ling meth ods have been ap plied to cor rect pop u -
la tion dif fer ences aris ing from dif fer ences in an a lyt i cal 
tech nique and/or sample media.

• To date, ESRI ArcMap® 9.2 and Man i fold Sys tem 8
lay outs for the at las maps have been pro duced for se -
lected el e ments. Data files and doc u men ta tion that will 
con sti tute the first-gen er a tion at las will be avail able as
BC Min is try of En ergy, Mines and Pe tro leum Re -
sources GeoFile 2008-1 (Lett et al., in press).

• Fu ture use of the geo chem i cal at las and de riv a tive
prod ucts will help to better de fine met al lo gen ic belts
with new min eral deposits.
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Fig ure 8. Con toured lev elled Cu in stream sed i ment, lake sed i ment and moss-mat sed i ment, de ter mined by com bined AAS and ICP-MS.
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Ge ol ogy and Min eral Oc cur rences of the Quesnel Terrane, Cot ton wood
Map Sheet, Cen tral Brit ish Co lum bia (NTS 093G/01)

by J. Logan
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lite, Snow shoe Group, Nicola Group, Naver pluton, Mouse
Moun tain, alkalic Cu-Au por phyry min er al iza tion, cop per,
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INTRODUCTION

A large pro spec tive area for Cu-Au por phyry that is
mostly cov ered by re cent ba salt and gla cial de pos its lies be -
tween Prince George and Quesnel Lake. The high min eral
po ten tial of the Quesnel Terrane rocks that un der lie the area 
has been mostly un tested in the past due to the dif fi culty of
see ing through the thick over bur den that blan kets the area.
Pro duc ing por phyry Cu-Au, Au and Cu-Mo mines oc cur
both north and south of this 20 000 km2 area and high min -
eral po ten tial is in her ent with geo log i cal con ti nu ity along
the length of the belt.

Re gional map ping in the Quesnel area was ini ti ated by
the BC Geo log i cal Sur vey in 2006 and con tin ued in 2007 as 
part of a multi-year pro gram de signed to study and pro mote
ex plo ra tion of BC por phyry de pos its. The 2006–2007
field work is a con tin u a tion of re gional map ping and min -
eral de posit stud ies ini ti ated in the area around Mount
Polley (Lo gan and Mihalynuk, 2005; Lo gan and Bath,
2006; Lo gan et al., 2007a) and ex tends cov er age north -
westward to test the area north and east of Quesnel. The
pro ject area cov ers the 1:50 000 scale Cot ton wood map
sheet, NTS 093G/01 (Fig 1).

The pro ject ob jec tives are to

• de ter mine arc his tory and tec ton ics of the Quesnel
Terrane in or der to un der stand the evo lu tion of
magmatism and por phyry min er al iza tion over the life
of the arc (ca. 230–185 Ma);

• ex tend geo log i cal map ping northwestward to wards
Prince George into the over bur den-cov ered, poorly
un der stood area of Quesnel Terrane rocks;

• ac quire a suite of sam ples from the var i ous min er al ized 
zones as well as a suite of least-al tered vol ca nic and in -
tru sive rocks for ma jor and trace-el e ment anal y sis;

• con tinue dat ing in tru sive rocks to es tab lish the mag -
matic his tory of the arc.

The Cot ton wood map area is cov ered by thick de pos its
of un con sol i dated Ho lo cene and Pleis to cene sed i men tary
rocks with rock ex po sures con fined to less than 3% of the

map, usu ally in the main river val leys and tops of hills. The
‘Rocks to Riches’ low-level air borne mag netic and ra dio -
met ric sur vey cov ered about two-thirds of the pro ject area
(Car son et al., 2006) and pro vided good base line data that
as sisted ex plo ra tion and map ping rock types, al ter ation and 
structure across the map.

REGIONAL GEOLOGY

The re gional set ting of the cen tral Quesnel belt is sum -
ma rized by Lo gan et al. (2007a), and is only briefly re -
viewed here. The Quesnel Terrane rep re sents an ex ten sive
(>2 000 km) west-fac ing, calcalkaline to al ka line Late Tri -
as sic to Early Ju ras sic arc that de vel oped out board or mar -
ginal to the west ern mar gin of North Amer ica (Mortimer,
1987; Mihalynuk et al., 1994). It is char ac ter ized by Me so -
zoic arc vol ca nic and sed i men tary rocks of the Nicola,
Takla and Stuhini groups and co eval plutonic rocks, which
in trude and in flate the se quence. At this lat i tude, the tem po -
ral, chem i cal and fa cies ar chi tec ture of the Nicola Group
rocks re flects a shift in magmatism from the fore arc
volcaniclastic-dom i nated suc ces sions east ward across the
arc into back arc Mid dle to Late Tri as sic fine-grained
clastic rocks (the black phyllite unit of Rees, 1987). The
east ern bound ary of the Quesnel Terrane is marked by the
Eu reka thrust (Struik, 1988a), an east erly verg ing fault
zone. Vari ably sheared mafic and ultra mafic rocks of the
Crooked am phi bo lite that oc cupy this bound ary are as -
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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 BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
cat_fldwk.htm

Fig ure 1. Lo ca tion of BC Cu-Au-Ag±PGE al ka line por phyry de pos -
its show ing the Cot ton wood map area in red (093G/01), green
band in di cates the Quesnel Terrane, grey band in di cates the
Cache Creek Terrane. Ab bre vi a tion: ST, Stikine Terrane.



signed to the Slide Moun tain Terrane, a Late Pa leo zoic
mar ginal ba sin as sem blage (Schiarizza, 1989; Roback et
al., 1994) of oce anic ba salt and chert that sep a rated
Quesnellia from North Amer ica un til its clo sure in the
Early Ju ras sic (?). The footwall to the Eu reka thrust com -
prises the Pro tero zoic to Pa leo zoic Snow shoe Group rocks
of the Barkerville subterrane (Struik, 1986), a north ern ex -
ten sion of the Kootenay Terrane (Mon ger and Berg, 1984),
which are pericratonic and likely rep re sent dis tal sed i men -
ta tion of an ces tral North Amer ica (Colpron and Price,
1995). West of the Quesnel Terrane is Late Pa leo zoic to Ju -
ras sic oce anic rocks of the Cache Creek Terrane with Late
Tri as sic blueschist-fa cies rocks (Patterson and Harakal,
1974; Ghent et al., 1996) rep re sent ing the rem nants of a
subduction-accretionary com plex (Travers, 1977;
Mihalynuk et al., 2004) that gen er ated the Quesnel Arc.
Youn ger rocks include mid-Cretaceous granitic plutons,
Eocene sedimentary and volcanic sequences and Miocene
flood basalt.

STRATIGRAPHY

The Cot ton wood map area is un der lain by four ma jor
Ca na dian Cordilleran ter ranes that in clude, from east to
west: Kootenay, Slide Moun tain, Quesnel and Cache
Creek. The rock pack ages that de fine each are fault-
bounded and trend to the north west, par al lel to the dom i -
nant re gional fab ric in the map. Un con sol i dated Ho lo cene
and Pleis to cene gla cial de pos its are thick and cover the ma -
jor ity of the map area. Surficial de pos its com pletely mask
the Cache Creek Terrane, pro jected to un der lie the
southwest corner of the map (Fig 2).

Kootenay Terrane — Snowshoe Group

The Snow shoe Group, a Late Pro tero zoic to Pa leo zoic
pack age of pre dom i nately siliciclastic rocks, dom i nates the 
Barkerville subterrane of the Kootenay Terrane. The strati -
graphic no men cla ture for these pelitic and psam mit ic rocks
has evolved since the ear li est work by Bow man (1889),
who first des ig nated them as the Cariboo schists. Re gional
maps by Struik (1988) in the Wells-Barkerville area sub di -
vide the Snow shoe Group into 14 in for mal units that he cor -
re lated with Pro tero zoic to Pa leo zoic suc ces sions in the
Kootenay Lake and Ad ams Lake ar eas. Re cently, Ferri and
Schiarizza (2006) pro posed a re vised stra tig ra phy and
struc tural in ter pre ta tion for these rocks in the Barkerville
area that im plied the up per Snow shoe Group is a struc tural
rep e ti tion of the lower suc ces sion. They re de fined the stra -
tig ra phy into three ma jor units, which, from old est to youn -
gest, are the Downey, Harveys Ridge and Goose Peak suc -
ces sions. The Downey com bines rocks for mally as signed
to the Downey, Keithley, Ramos, Kee Khan and Tregillus
suc ces sions (Struik, 1988b). It con sists of green ish-grey,
micaceous quartz ite or feldspathic quartz ite, phyllite,
schist, lo cally with a dis tinc tive orthoquartzite at the top of
the suc ces sion. The Harveys Ridge suc ces sion in cludes
rocks for merly of the Harveys Ridge and Hardscrabble
Moun tain suc ces sions and com prises dark grey to black
phyllite, siltstone and quartz ite that be come more
arenaceous upsection. The Goose Peak suc ces sion in cludes 
rocks for mally as signed to the Goose Peak and Eaglesnest
suc ces sions: light grey and green quartz and feldspathic
quartzite with interbedded grey phyllite and siltstone.

Re con nais sance map ping only was car ried out over the 
east ern por tion of the Cot ton wood map area that is un der -
lain by the Snow shoe Group (Fig 2). Build ing on the re -
gional map ping of Struik (1988b), but fol low ing the strati -
graphic re-in ter pre ta tion of Ferri and Schiarizza (2006),
tra vers ing fo cused on the west ern con tact re la tion ships be -
tween the Snow shoe Group and the Slide Moun tain – Ques -
nel ter ranes, and eval u at ing its Besshi-type volcanogenic
mas sive sul phide (VMS) min eral po ten tial. The Harveys
Ridge suc ces sion of the Snow shoe Group hosts Besshi-
type VMS min er al iza tion 50 km south east at Cariboo Lake
(Höy and Ferri, 1998; Ferri, 2000) and may have the po ten -
tial to host sim i lar min er al iza tion in the study area. Map -
ping de ter mined that micaceous quartz ite and schist of the
Downey suc ces sion un der lie the ma jor ity of the east ern
one-third of the map area. Two iso lated pack ages of dark
grey to black siltite, quartzose phyllite, cal car e ous schist
and limonitic micaceous quartz ite in ter preted to be
Harveys Ridge suc ces sion crop out in the northern and
southern parts of the map, adjacent to the Eureka thrust.

Grey and ol ive micaceous quartz ite, schist, phyllite
and cal car e ous schist com prise the ma jor ity of the Downey
suc ces sion. The dom i nant rock type is a light brown-weath -
er ing micaceous quartz ite con sist ing of recrystallized
quartz, sparse feld spar and fo li a tion-par al lel meta mor phic
bi o tite and mus co vite. Lay ers of micaceous quartz ite that
range from sev eral to tens of centi metres thick are
interlayered with schist. Re sis tant micaceous quartz ite and
light grey orthoquartzite oc cupy most of the higher peaks
along the east ern bound ary of the map. A dis tinc tive white
quartz ite gran ule to cob ble con glom er ate over lies a se -
quence of orthoquartzite and interbedded grey phyllite and
micaceous quartz ite near the sum mit of a north west-
trending ridge on the east ern bound ary of the map area. The
quartz ite weath ers grey and light brown to or ange. It is me -
dium to coarse-grained and rhyth mi cally bed ded with dark
grey phyllite. Micaceous units are poorly sorted with up to
20% ma trix mica (mus co vite>bi o tite), vit re ous to white-
col oured quartz, po tas sium feld spar and plagioclase grains
2 to 4 mm in size. Struik (1988b) mapped these rocks in the
Wells area as the Tregillus clastic rocks. These units have
been de formed and meta mor phosed to up per greenschist
grades. Meta mor phic as sem blages in the micaceous
quartz ite in clude bi o tite-mus co vite-al bite and ret ro grade
synkinematic gar net rimmed with chlorite. De tri tal min eral
as sem blages of quartz, muscovite and zircon populations
are indicative of North American continental sources.

The Harveys Ridge suc ces sion to the east con sists of
black and grey siltite, micaceous quartz ite, phyllite and
lime stone and is char ac ter ized by black and dark grey rocks 
(Struik, 1988b). In the map area, Harveys Ridge rocks oc -
cur at the south and north bound aries of the map. In ad di -
tion, Struik (1988b) shows a 1 km wide belt pro ject ing into
the map area from the east ern bound ary. The Harveys
Ridge rocks in the south east cor ner of the map oc cupy the
up per limb of a north west-plung ing anticline over turned to
the south west and cored by Downey suc ces sion rocks. The
rocks in clude interbedded black siltite, phyllite and brown-
green weath er ing micaceous quartz ite. The black siltite
con tains nar row (1–2 mm) sheeted white quartz veins that
par al lel bed ding. Thinly lam i nated, fine-grained black
quartz ite and a dis tinc tive micaceous quartz ite with coarse,
ran domly ori ented metablasts of chloritoid and/or
actinolite oc cur within the south ern se quence. At the north -
ern oc cur rence, black quartz ite and well-fo li ated argillite
and phyllite of the Harveys Ridge suc ces sion com prise the
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Fig ure 2. Gen er al ized ge ol ogy of the Cot ton wood map area (093G/01), based on 2007 field work and in ter pre ta tion of low-level air borne
geo phys i cal sur vey (Car son et al., 2006). The map shows the lo ca tion of macrofossil and geo chron ol ogi cal sam ples.



hill top lo cated 5 km west of Ahbau Lake. An iso lated out -
crop of thinly fo li ated micaceous mar ble and quartz ite is
seen on the west ern slope of the hill form ing the footwall to
the Eu reka thrust and the serpentinized pyroxenite ex posed
at the base of the hill. Bed rock ex po sure is lim ited, but
anom a lous base-metal soil geo chem is try is known from the 
area un der lain by the Harveys Ridge succession (Ahbau
Lake Property in the Mineralization section).

Slide Mountain Terrane — Crooked
Amphibolite

The Slide Moun tain Terrane con sists of the Ant ler For -
ma tion, the Crooked am phi bo lite (Camp bell, 1978; Struik,
1982) and the Fen nell For ma tion far ther south (Schiarizza
and Preto, 1987). All con sist of imbricated oce anic as sem -
blages of ba salt, gab bro and chert in thrust con tact with the
pericratonic Kootenay Terrane. Vari ably sheared and tec -
toni cally thick ened/thinned (?) mafic and ultra mafic rocks
of the Crooked am phi bo lite sep a rate rocks of the Quesnel
Terrane and the Barkerville subterrane over a dis tance of
200 km from Prince George (Struik et al., 1990) south to
Hendrix Lake (Schiarizza and Macauley, 2007).

The Crooked am phi bo lite is well ex posed in the north -
ern part of the Cot ton wood map area, south west of Ahbau
Lake and as small iso lated subcrop oc cur rences south of
Umiti Creek (Fig 2). It con sists of a va ri ety of dark green,
typ i cally FeCO3-al tered schis tose ultra mafic and mafic
meta vol can ic rocks and coarser-grained plutonic rocks.
These rocks have high mag netic sus cep ti bil i ties due to the
mag ne tite pro duced dur ing the al ter ation and break down of 
ol iv ine to ser pen tine. As a re sult, fol low-up of mag netic
high anom a lies gen er ated from the 2005 air borne geo phys -
i cal sur vey was suc cess ful in de lin eat ing a num ber of pre vi -
ously un known oc cur rences of this unit. South of Ahbau
Creek, vari ably fo li ated meta vol can ic schist and coarse-
grained am phi bo lite char ac ter ized by acicular, centi metre-
long crys tal ag gre gates of actinolite (~75%) and in ter sti tial
white plagioclase de fine the unit. In the south east ern cor ner 
of the map area, the Crooked am phi bo lite (not shown on the 
map) con sists of a thinly fo li ated meta vol can ic rock less
than 50 m thick that strikes par al lel to the dom i nant fo li a -
tion in the micaceous quartzite and schist of the Snowshoe
Group and can be traced for several hundreds of metres.

Quesnel Terrane — Nicola Group

BLACK PELITE SUCCESSION

Be tween the Eu reka and Span ish thrusts is a low area
with vari able re lief and few out crops. Here, de fin ing the
east ern part of Quesnel Terrane, are scat tered out crops of
silty to fine sandy black slate, cal car e ous slate and rare vol -
ca nic tuff interbedded with black re ces sive-weath er ing
phyllite and lesser quartz sandstone.

The black fine-grained si li ceous and cal car e ous clastic 
rocks struc tur ally over lie sheared ser pen tin ite of the
Crooked am phi bo lite in the east ern por tion of the map
(Fig 2). The na ture of the con tact is not ex posed, but it fol -
lows a north-trending mag netic high that cor re sponds to
sheared ser pen tine and talc-al tered mafic vol ca nic rocks
mapped as part of the Crooked am phi bo lite. These fine-
grained black clastic rocks are cor re lated with the black
phyllite unit of Rees (1987), which has been dated as Mid -
dle and Late Tri as sic from cono dont-bear ing cal car e ous
ho ri zons at Quesnel Lake (Struik and Or chard, 1985). Thin

interbedded grey and black phyllite, gra phitic±py ritic
argillite, buff and grey siltstone and fine quartz sand stone
crop out along High way 26 in the south east ern cor ner of the 
map area. The rocks are weakly meta mor phosed to lower
greenschist fa cies and mostly un al tered. A slaty cleav age is
com mon, but recrystallization along it is lack ing. Bed ding
and cleav age trend north west. Open to subisoclinal folds
that trend north west are seen lo cally. On the limbs of these
folds, cleav age has trans posed bed ding, pro duc ing
lensoidal quartz sand stone brec cia in a black gra phitic or
cal car e ous phyllite ma trix that can be traced into
interbedded quartz sand stone and black siltstone. De tri tal
quartz and mus co vite pres ent in sandstone imply a
continental margin rather than a fore arc volcanic setting.

A coarse polylithic clastic unit, the Wingdam con -
glom er ate of Struik (1988b), is ex posed ad ja cent to the
south east cor ner of the map area. It strikes north west erly
and pro jects into the map area but was not en coun tered dur -
ing cur rent map ping. The con glom er ate is in cluded in the
Mid dle and Late Tri as sic black clastic se quence of the
Nicola Group (Struik, 1988b). The con glom er ate con tains
rounded clasts of de formed and fo li ated ser pen tin ite, mafic
vol ca nic rocks and pyroxenite, micaceous quartz ite, black
quartz ite, white vein quartz, gra phitic phyllite and shale
within a dolomitic and si li ceous ma trix. All of the clast
types in the con glom er ate can be de rived lo cally from the
Crooked am phi bo lite and the Snow shoe Group. Rec og ni -
tion of de formed and meta mor phosed (?) Slide Moun tain
Terrane and Kootenay Terrane frag ments de pos ited on the
Quesnel Terrane led McMullin et al. (1990) to sug gest that
the Slide Moun tain and Kootenay ter ranes must have been
imbricated prior to the Mid dle to Late Tri as sic de po si tion of 
the Quesnel Terrane. This im plies that the con tact be tween
the Slide Moun tain and Quesnel ter ranes is an ero sional un -
con formity that was later tectonized and metamorphosed in 
the Middle Jurassic.

Con tact re la tions be tween the black pelite suc ces sion
and the over ly ing vol ca nic rocks are both depositional
(Bloodgood, 1987; Rees, 1987; Panteleyev et al., 1996) and 
struc tural (Struik, 1986, 1988a, 1990) in the Quesnel Lake
area far ther south, but not ex posed in the cur rent study area. 
The black pelite suc ces sion is con sid ered to be broadly co -
eval with the east ern volcaniclastic Nicola Group and may
be an east ern back arc fa cies onto which arc vol ca nic and
volcaniclastic rocks were deposited.

EASTERN VOLCANICLASTIC SUCCESSION

An east ern belt of mafic ol iv ine-pyroxene, pyroxene
and pyroxene-plagioclase-phyric vol ca nic flows, brec cia,
fine-grained tuff and volcaniclastic rocks struc tur ally over -
lie black clastic rocks of the black pelite suc ces sion (Fig 3).
Out crop is sparse but de fines a 5 km wide north-trending
belt of rocks, which at its north ern ex tent ap pears to wrap
around the south east ern mar gin of the Naver pluton south
of Genevieve Lake. Out crop dis tri bu tion, air borne geo -
phys i cal to tal field mag netic and first ver ti cal de riv a tive
plots co in cide to de fine the eastern volcaniclastic
succession.

In the north part of the map area, black, ve sic u lar,
coarse-grained clinopyroxene-phyric block flow brec cia,
ash and lapilli-sup ported autoclastic brec cia and co her ent
ba salt flows oc cupy an east-trending belt that fol lows the
south east ern mar gin of the Naver pluton. The flows are
char ac ter ized by euhedral to stubby 2 to 3 mm pyroxene
crys tals and sparse <1 mm plagioclase laths in a weak
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chloritic apha ni tic groundmass. Out crops show vague pil -
lowed forms with chilled al tered mar gins and con cen tri -
cally dis trib uted white cal cite and/or al bite-filled amyg -
dules. The ba salt is cut by nar row (1–2 cm wide), east-
trending sheeted al bite veins. The rocks have rel a tively
high mag netic sus cep ti bil ity and can be traced southward.

Out crops in Ahbau Creek con sist of coarse, an gu lar,
block to boul der clast-sup ported vol ca nic brec cia dom i -
nated by pyroxene-phyric and pyroxene-plagioclase-
phyric ba salt. White cal cite, pyroxene crys tals and/or sand-
sized lithic frag ments com prise the ma trix (<3%) to the
mainly clast-sup ported breccia (Fig 3).

At the south ern end of the belt, in the Cot ton wood
River and Light ning Creek drainages, pyroxene-phyric and 
pyroxene-plagioclase-phyric co her ent flow and brec cia
flow units are com mon. Rubbly flow brec cia con sists of
mono lithic an gu lar to rounded, block to lapilli-sized clasts
of pyroxene-phyric ba salt. Of ten clast sup ported, or within
a ma trix of ash, rarely car bon ate fills the in ter stices. Flows
are, for the most part, sub ma rine and sub or di nate to clastic
vol ca nic rocks in overall abundance.

COTTONWOOD RIVER SUCCESSION

Fine clastic sed i men tary rocks dom i nated by thin par -
al lel-lam i nated grey, green, buff and black cherty argillite,
vol ca nic siltstone, slate and grey or buff lime stone form a
con tin u ous belt of rocks ap prox i mately 9 km wide that oc -
cu pies the west ern third of the map (Fig 2). These rock
types are best ex posed along the length of the Cot ton wood
River and have been as signed to the Cot ton wood River
succession (Fig 4).

The Cot ton wood River suc ces sion con sists mainly of
grey to green or rusty weath er ing black cherty argillite and
fine-grained, par al lel-lam i nated, vol ca nic siltstone. Centi -
metre-thick grey lime stone beds oc cur interlayered with the 
cherty argillite se quence or as tens of metres thick black and 
buff-col oured silty lime stone interbedded with gra phitic
phyllite. The se quence is dom i nated by mas sive sand stone,
pla nar-lam i nated siltstone units and rare wavy to small-
scale crossbeds that are in ter preted to rep re sent turbidite
de po si tion dis tal from the main arc. The suc ces sion is char -
ac ter is ti cally cleaved par al lel to bed ding into 50 mm thick
cherty domains by 2 mm phyllite partings.

South of High way 26, the sed i men tary rocks are
coarser grained, con sist ing of thinly bed ded vol ca nic sand -
stone, poorly sorted vol ca nic de bris flows or greywacke
and black cherty argillite. Rel a tively mi nor amounts of dark 
green coarse pyroxene-phyric ba salt brec cia oc cur
interbedded with the sed i men tary rocks in the cen tral sed i -
men tary se quence.

The up per con tact with the west ern volcaniclastic suc -
ces sion is not well es tab lished, al though east of the Cot ton -
wood River it ap pears that volcaniclastic ma te rial in creases 
in  grain  s ize  and pro por  t ion upsect ion,  pass ing
gradationally into vol ca nic brec cia of the west ern
volcaniclastic suc ces sion. The Cot ton wood River suc ces -
sion is not dated within the map area, but sam ples of lime -
stone and cal car e ous black siltstone have been sub mit ted to
the Geo log i cal Sur vey of Can ada Micropaleontology
Laboratory in Vancouver.

WESTERN VOLCANICLASTIC SUCCESSION

The west ern volcaniclastic suc ces sion of the Nicola
Group is the most het er o ge neous unit in the map area. It
forms a north and north west-trending belt, 2.5 and 9 km
wide, re spec tively, of pyroxene-phyric ba salt brec cia,
heterolithic vol ca nic con glom er ate, crys tal-lithic sand -
stone and fine-grained heterolithic volcaniclastic rocks
(Fig 2). The north-trending belt fol lows High way 97 for
20 km from the Cot ton wood River to the north ern edge of
the map. Con tact re la tion ships are ap par ently gradational
with fine clastic rocks of the Cot ton wood River suc ces sion
ex posed along the Umiti Creek Road. Con tact re la tion ships 
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Fig ure 3. Coarse mono lithic block to lapilli vol ca nic brec cia con -
tain ing pyroxene-phyric and pyroxene-plagioclase-phyric ba salt
frag ments. Clast to ma trix sup ported, east ern volcaniclastic suc -
ces sion, Ahbau Creek.

Fig ure 4. Rusty-weath er ing si l tstone and cherty argil l i te
interbedded with mas sive grey-green vol ca nic sand stone of the
Cot ton wood River suc ces sion. Photo is look ing north west along
the sinistral fault zone, down stream of Cot ton wood River.



for the west ern belt are less un der stood. On the east it is
bound by north west-trending faults and to the south east its
re la tion to the Cache Creek Terrane is obscured by thick
overburden.

Volcaniclastic rocks of the west ern suc ces sion are
well-ex posed in the CN Rail quarry north of Ahbau Creek.
They con sist of north west-trending units of mas sive co her -
ent ba salt flows, hyaloclastite, coarse pyroxene-phyric
brec cia and clastic de pos its. Rare 1 m wide fine-grained
tuffaceous cherty siltstone de fines the re gional trend. Ba -
salt flows are ap prox i mately 5 m thick and char ac ter ized by
brecciated mar gins. Flows vary from coarse crowded
pyroxene por phyry to sparse and aphyric, com monly
highly ve sic u lar, va ri et ies. The volcaniclastic pack age is
hornfelsed and flooded by py rite and/or pyrrhotite, abun -
dant cal  ci te and chlorite prob a bly re lated to the
emplacement of the Naver pluton.

Interbedded with the volcaniclastic rocks are well-
sorted pla nar lam i nated argillite and siltstone units and
10 m thick chan nel de pos its of un sorted cha otic slump de -
pos its of sed i men tary and vol ca nic-de rived ma te rial. These 
coarse-grained in ter vals con sist of an gu lar boul der to gran -
ule-sized vol ca nic clasts and centi metre-sized rip-up clasts
of cherty argillite sup ported within a ma trix of pyroxene
and plagioclase-rich sand and/or mud. The grain flow de -
pos its are dom i nated by clasts of pyroxene-phyric ba salt.
The pyroxene crys tal-rich sand stone, volcaniclastic brec -
cia and con glom er ate ho ri zons con tain abun dant de tri tal
mag ne tite and a rel a tively high mag netic sus cep ti bil ity,
which is ev i dent on the air borne mag netic maps.
Stratigraphically low in the volcaniclastic suc ces sion are
sed i men tary units char ac ter ized by bed ding cou plets gen -
er ally less than 1.0 mm thick of ol ive grey sand stone and or -
ange-black thinly lam i nated cherty siltstone and 10 to 12 m
thick mas sive out crops of pale green, fine to me dium-
grained, well-sorted pyroxene and plagioclase crystal (1–
4 mm) sandstone.

The west ern belt of volcaniclastic rocks is best ex -
posed in the area be tween High ways 97 and 26, where it ex -
tends from Mouse Moun tain northwestward as a 5 km wide
belt of pyroxene-phyric brec cia, heterolithic ma roon
pyroxene and plagioclase-phyric volcaniclastic and mas -
sive green tuffaceous rocks (Fig 2). The ma jor ity of out -
crops in the west ern belt con sist of mas sive, heterolithic
pyroxene-dom i nated volcaniclastic to con glom er atic units. 
Bed ding is rarely ob served and of ten pre serves slump ing
and soft sed i men tary de for ma tion. Rocks are vari ably
green and/or ma roon and hematitic, sug gest ing ma rine and
subaerial de po si tion. In the vi cin ity of Mouse Moun tain,
the brec cia con tains de tri tal bi o tite, orthoclase and al tered
in tru sive rocks related to the Cu-Au mineralizing system.

The min i mum age of the west ern volcaniclastic suc -
ces sion is con strained by the Late Tri as sic age of the Mouse 
Moun tain pluton.

Early Jurassic

SEDIMENTARY ROCKS

Rocks ex posed at the old Prince George high way
bridge cross ing the Cot ton wood River com prise a struc tur -
ally dis rupted and sheared se quence of heterolithic ma roon
vol ca nic brec cia, cal car e ous green volcaniclastic rock and
grey lime stone. Over ly ing this Tri as sic (?) vol ca nic se -
quence is a grey and brown sed i men tary se quence of fine

sand stone, siltstone and shale. Ten to twenty milli metre
thick beds of ol ive sand stone with black siltstone part ings
are interbedded with thinly lam i nated sooty black shale and 
siltstone. Poorly pre served ammonoids and bi valves were
col lected from the sand stone and shale. The fos sils have
been as signed an Early Ju ras sic Sinemurian age (T.
Poulton, pers comm, 2007).

The con tact re la tion ship be tween the two pack ages is
be lieved to be depositional be cause sim i lar strati graphic re -
la tion ships oc cur at Morehead Lake in the Mount Polley
area (Bailey, 1978; Lo gan et al., 2007b).

VOLCANIC ROCKS

Grey to white plagioclase-hornblende por phy ritic vol -
ca nic and subvolcanic in tru sive rocks crop out in a north-
north west-trending belt in the vi cin ity of Mouse Moun tain
(Fig 2). The rocks are coarsely por phy ritic with tab u lar
white plagioclase pheno crysts up to 2.5 cm in di am e ter and
no tice ably finer acicular hornblende crys tals in a green,
grey or ma roon apha ni tic ma trix. Brecciated lithic frag -
ments, crys tal shards and eutaxic tex tures in di cate that the
unit rep re sents a welded crys tal-ash flow (ignimbrite). The
rock was mapped and in ter preted vari ably as a subvolcanic
in tru sive to flow unit (Jonnes and Lo gan, 2007) that cross -
cut or over lay the pyroxene por phyry and volcaniclastic
units. Ob ser va tions from the sum mer map ping rec og nized
heterolithic brec cia at Mouse Moun tain and along strike to
the south that con tain plagioclase-hornblende por phy ritic
vol ca nic clast-rich ho ri zons interbedded with coarse
pyroxene-phyric brec cia flows, sug gest ing temporal
relationships for these units (Fig 5).

Ma jor and trace-el e ment rock geo chem is try of the
plagioclase por phyry unit plots in the an de site field on
Winchester and Floyd (1977) rock dis crim i na tion di a gram.
On the SiO2 vs. K2O an de site se ries plot of Gill (1981), the
hornblende-plagioclase crys tal tuff unit oc cu pies the high-
po tas sium andesite field.

Hornblende was sep a rated from the plagioclase crys tal 
tuff and an a lyzed to con strain the cool ing age of the
ignimbrite. Ar gon-ar gon pla teau ages for hornblende sep a -
rates de ter mined at the Geo chron ol ogy Lab o ra tory, the
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Fig ure 5. Heterolithic vol ca nic brec cia com posed pri mar ily of
subangular to rounded pyroxene-phyric ba salt (bslt) and
hornblende-plagioclase-phyric an de site (hb-pl po), in a sand-
sized, crys tal-rich volcaniclastic ma trix, 1 km south east of Mouse
Moun tain.



Uni ver sity of Brit ish Co lum bia re turned an Early Ju ras sic
cool ing age of 192 ±1.3 Ma (T. Ullrich, pers comm, 2007).
This Early Ju ras sic age co in cides with the ca. 193 Ma
plutons of the Takomkane–Thuya suite (Parrish et al.,
1987; Breitsprecher and Mortensen, 2004), sug gest ing that
these high-po tas sium an de site units may rep re sent ex tru -
sive equiv a lents to a well-es tab lished Early Ju ras sic
plutonic event in the Quesnel Terrane.

Intrusive Rocks

In tru sive rocks within the Cot ton wood map area in -
clude a Late Tri as sic and Late Tri as sic to Early Ju ras sic
suite that com prise the con struc tive pe riod of the Quesnel
mag matic arc and a youn ger post-accretionary suite of Cre -
ta ceous age. A Mid dle Ju ras sic suite of plutons in trudes the
Quesnel Arc north and south of the cur rent study area
(Struik et al., 1992; T. Ullrich, pers comm, 2006; Lo gan et
al., 2007a), but has not been rec og nized in the Cottonwood
map area.

LATE TRIASSIC

Mouse Moun tain Monzonite

Small, iso lated, quartz undersaturated stocks in ter -
preted to be Late Tri as sic in age in trude the Cot ton wood
River suc ces sion of fine-grained clastic rocks in the south-
cen tral part of the map area (Fig 2). Most are less than
0.5 km2 in area and oc cur south of High way 26. They are
sim i lar in com po si tion, re gional dis tri bu tion and tem po ral
re la tion ships to the suite of lat est Tri as sic al ka line in tru sive
rocks that de fine the me dial arc axis and mag matic cen tres
at Mount Polley, QR and Cantin Creek, where they are as -
so ci ated with al ter ation and Cu-Au min er al iza tion (Lo gan
and Mihalynuk, 2005; Jonnes and Lo gan, 2007). The
Mouse Moun tain pluton is also char ac ter is tic of this suite,
is larger and intrudes the western volcaniclastic succession.

Leucocratic fine-grained in tru sive rocks un der lie the
main area of Mouse Moun tain, en com pass ing an area of ap -
prox i  mately 1.3 km2  (Jonnes and Lo gan,  2007).
Microporphyritic monzonite to monzodiorite rocks char ac -
ter ize the main in tru sive se quence, but coarse orthoclase
megacrystic syenite dikes are also known to in trude the
area. Con tact re la tion ships with the Late Tri as sic Nicola
Group coun try rock are pre sum ably in tru sive, but un seen.
Sep a rat ing the monzonite into two bod ies is a mono lithic
brec cia made up pri mar ily of in tru sive clasts of monzonite
in a rock flour ma trix. Jonnes and Lo gan (2007) in ter preted
this brec cia to be a hy dro ther mal brec cia or erup tive
diatreme located near the top of the intrusive pile.

A 20 kg sam ple of least-al tered, pink pyroxene
monzonite was col lected from the Val en tine zone and dated 
us ing la ser ab la tion in duc tively cou pled plasma – mass
spec trom e try (ICP-MS) U-Pb tech niques at the Uni ver sity
of Brit ish Co lum bia. Zir con grains ex tracted from the sam -
ple yielded a Late Tri as sic crys tal li za tion age for the
monzonite of 207.42 ±0.58 Ma (R. Fried man, pers comm,
2007), thus pro vid ing a max i mum age for Cu-Au min er al -
iza tion at the Valentine zone.

Ad di tional in tru sive bod ies in the map in clude a dis -
tinc tive white-weath er ing plug of crowded megacrystic
orthoclase por phy ritic syenite that crops out ap prox i mately 
3 km south of the com mu nity of Cot ton wood (Fig 2). The
main body of the syenite con sists of aligned orthoclase
crys tals up to 5 cm in length, which com prises 80% of the

rock. Equigranular pyroxene-hornblende monzodiorite
con tain ing sparse (2–3%) megacrysts of orthoclase de fine
25 m wide mar ginal phases to the plug. Trace amounts of
chal co py rite and py rite re place mafic xe no liths and mafic
min er als along weak al ter ation fronts cutting the
monzodiorite.

Three kilo metres west-north west of the megacrystic
syenite is a poorly ex posed fine to me dium-grained,
equigranular to microporphyritic pyroxene monzodiorite
plug. Both the in tru sion and the coun try rock con tains 1 to
1.5% pyrrhotite and el e vated Cu and Zn (07GLE22-111,
Ta ble 1).

LATE TRIASSIC TO EARLY JURASSIC (?)

Mafic-Ultra mafic Plutonic Com plexes

The map area con tains a num ber of small, gen er ally
less than 1 km2 com pos ite mafic-ultra mafic in tru sive bod -
ies (Fig 2). These and other Alas kan-type com plexes in BC
are con fined to the Quesnel and Stikine ter ranes and are
spa tially and ge net i cally as so ci ated with Late Tri as sic to
Early Ju ras sic vol ca nic arc rocks of the Nicola-Takla-
Stuhini groups (Irvine, 1974; Mortimer, 1986; Nixon et al.,
1997). The mafic bi o tite-bear ing phases of these plutons
have el e vated con cen tra tions of mag ne tite and hand sam -
ples typ i cally dis play high mag netic sus cep ti bil ity read ings 
that cor re spond to mag netic highs on re sid ual to tal mag -
netic field plots. Two ap par ently sim i lar com pos ite plutons
ex posed in the Cot ton wood River con sist of pyroxenite,
pyroxene-hornblende diorite and monzodiorite. In de tail,
the pyroxene-bi o tite diorite phase is ab sent and both stocks
have much lower magnetic susceptibilities and no magnetic 
high signature.

The Ahbau Creek stock is the larg est of these mafic
com plexes. It is cen tred on High way 97 at the Green ing rail
sid ing and is in ter preted pri mar ily on the ba sis of its mag -
netic sig na ture to cover an el lip ti cal area of just over 20 km2

be tween Ahbau Creek and the Cot ton wood River. The
north west ern mar gin of the stock is ex posed for ap prox i -
mately 3 km in Ahbau Creek from the rail road tres tle up -
stream to the up per falls. Out crop ex po sures in clude
clinopyroxenite, pyroxene-bi o tite diorite and in tru sion
brec cia com pris ing frag ments of pyroxenite, gab bro and
diorite within an in ter me di ate to fel sic, me dium-grained
hornblende monzodiorite ma trix (Fig 6). The pyroxene-bi -
o tite diorite to monzodiorite is me dium grained;
plagioclase and pyroxene crys tals are subequal in size and
dis play inter gra nu lar tex ture, while in ter sti tial coarse
poikilitic bi o tite en vel ops the plagioclase and pyroxene
(Fig 7). Coarse (1.5 mm) euhedral ap a tite crys tals and mag -
ne tite are evenly dis sem i nated through out the ma trix is
greater than 5 vol%. Mag netic sus cep ti bil ity val ues for this
unit av er age be tween 75 and 100 SI units. The ma trix to the
ig ne ous brec cia is leucocratic, me dium to coarse grained
and en riched in al kali min er als com pared to the ear lier
crys tal lized phases. Orthoclase oc curs as megacrysts and
late op ti cally con tin u ous in ter sti tial crys tals that to gether
with coarse poikilitic hornblende en velop subhedral crys -
tals of ap a tite and pyroxene. Hornblende also lo cally re -
places clinopyroxene. Mag ne tite is no tice ably less abun -
dant, pres ent in only trace amounts. Coarse euhedral
sphene crystals and andradite garnet occupy cuspate late-
stage voids that trapped hydromagmatic fluids.

The 12 Mile stock is a sim i lar mafic plutonic com plex
to the Ahbau Creek stock. It is lo cated south of High -
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way 23, ap prox i mately 19.3 km (12 mi) east of Quesnel.
Like the Ahbau Creek stock, it has a dis tinc tive cir cu lar
mag netic high anom aly on the re sid ual to tal mag netic field
plot and is poorly ex posed. Ex po sures are lim ited to a creek
gully lo cated ap prox i mately 3 km south of Mouse Moun -
tain. Out crops con sist of pyroxenite and pyroxene-bi o tite
diorite and in tru sion brec cia with an gu lar blocks of gab bro,
pyroxenite and diorite within an equigranular pyroxene-
hornblende monzodiorite. Joints and frac tures are coated
with chlorite, ser pen tine and cal cite. The plagioclase is ex -
ten sively sericitized, par tic u larly along outer zones of the
pheno crysts and/or sausseritized (epidote+seri cite±car -
bon ate±chlorite), chiefly in the in te rior of the pheno crysts.
Ap a tite and mag ne tite are abun dant and as so ci ated with
poikilitic bi o tite. At the north ern end of the out crop the in -
tru sion brec cia is cut by an 8 m wide north west-trending
dike of microporphyritic pink biotite-pyroxene monzonite
similar to the Mouse Mountain monzonite.

The Cot ton wood River (Bailey, 1988) and the Cot ton -
wood Can yon stocks are two ad di tional mafic plutonic
com plexes that oc cur within the study area. Both crop out

along the Cot ton wood River, are <1 km2 and in trude fine-
grained cherty tuff, siltstone and volcaniclastic rocks of the
cen tral Nicola fa cies. The plutons are comp lexly zoned,
com pos ite bod ies of ig ne ous brec cia com pris ing coarse-
grained clinopyroxenite, hornblende clinopyroxenite, gab -
bro and/or monzodiorite, veined by more fel sic me dium to
coarse-grained hornblende-pyroxene monzodiorite to
monzonite phases. The youn gest in tru sions con sist of
crowded orthoclase megacrystic monzonite to peg ma titic
syenite dikes. These lat ter orthoclase megacrystic phases
com monly ex hibit a well de vel oped trachytic flow fab ric
de fined by aligned orthoclase phenocrysts (Fig 8).

A sam ple of pyroxene-hornblende gab bro col lected by
D. Bailey from the Cot ton wood River stock was dated us -
ing K-Ar iso to pic tech niques at the Uni ver sity of Brit ish
Co lum bia by J. Harakal. Hornblende from the gab bro
yielded an Early Ju ras sic cool ing age of 187 ±7 Ma
(Panteleyev et al., 1995). Schiarizza and Macauley (2007)
de scribe sim i lar ultra mafic-mafic plutonic com plexes that
in trude the east ern side of the Quesnel Terrane in the Canim 
Lake area (150 km south east of the study area). They re port
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Element Ag Al As Au Ba Bi Ca Cd Ce Co Cr Cu Fe Hf K La Li Mg Mn Mo

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

Method TICP TICP TICP FA TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP

Station Number Easting Northing

07GLE10-53 541694 5893709 1 6.74 14 4 78 2.9 0.13 2.6 60 0.5 57.4 3.8 0.63 3.5 3.93 33.7 10.9 0.1 69 14.2

07JLO10-54 540602 5897830 1 7.1 7 34 1667 0.2 2.57 0.1 36 15.8 102.5 127.3 3.38 0.9 3.14 18 78.5 2.27 414 0.8

07JLO14-87 567045 5877649 <.1 10.87 <1 19 17 0.5 14.54 0.3 107 11.3 84.2 0.5 10.04 0.8 0.02 55.7 15.8 2.82 3215 0.2

07JLO18-118 554373 5879944 <.1 3.99 324 5 35 0.1 0.63 0.7 82 62.4 685.1 59.9 5.94 2 1.63 40.5 10 0.52 2273 0.2

07JLO18-126 554332 5875955 0.1 11.09 1 18 737 <.1 4.91 0.1 10 9.9 36.2 47.3 3.33 1.1 4.42 4.7 9.9 0.95 894 0.1

07GLE20-106 542139 5894516 0.5 9.5 3 17 307 <.1 7 0.3 18 34.6 85.8 283.1 8.85 2.4 1.5 7.9 39.5 4.06 1673 0.7

07JLO20-131 551661 5881262 0.2 8.23 2 <2 1024 0.1 6.95 0.2 12 20 52.9 173.9 4.88 1.5 2.41 5.9 12.1 1.72 1133 0.2

07JLO21-141 546726 5881716 0.1 5.46 14 <2 440 <.1 8.66 0.1 33 13.6 55.7 85.1 3.96 1.2 2.77 17.8 33.2 3.56 2392 0.5

07JLO22-147-2 547698 5881795 0.2 11.55 106 6 1247 <.1 3.31 0.7 16 13.5 28.8 96.4 4.02 1.1 3.51 7.8 11.7 0.64 445 1.5

07GLE26-119 546480 5876166 0.1 7.03 6 19 1158 0.1 8.43 <.1 22 29.2 70.2 53.1 6.37 1.2 3.45 11.6 55.8 2.36 1328 0.5

07GLE29-137 535507 5889129 0.1 7.47 5 8 81 <.1 10.62 0.1 18 15.7 24.9 37.8 4.76 2.5 0.33 7.2 15.2 1.13 1354 0.4

07GLE23-114 555518 5895807 <.1 9.09 1 70 158 0.1 6.45 0.2 35 43.7 354.1 32.1 6.97 1.6 0.63 17.6 34.3 3.26 996 0.3

07JLO13-83 544811 5902426 <.1 7.54 2 1216 0.2 1.2 0.1 67 2.8 96.7 6 1.36 1.3 3.88 37.4 65 0.38 365 0.3

07GLE3-10 546610 5896809 0.1 8.08 3 1264 0.1 1.77 0.1 55 4.9 83.2 8.4 1.84 1.3 3.22 29.2 42.6 0.76 420 0.4

07GLE31-147 544702 5895672 0.1 8.74 12 1816 0.1 4.04 0.4 108 16.1 61.3 21.5 4.55 3.4 2.34 57.9 26.6 2.02 839 1.8

07JLO13-80 555424 5898275 0.1 0.86 11 29 0.1 0.29 0.2 10 121.3 1201.1 14.8 6.92 <.1 0.02 5.3 10.3 21.32 538 0.1

07JLO20-134 546542 5881292 <.1 8.97 2 1453 <.1 6.38 0.1 15 21.5 45.1 30.3 6.19 1.4 5.05 6.5 22.6 1.81 1303 0.6

07GLE26-126 546469 5881403 0.2 9.13 1 874 <.1 8.44 0.2 15 34.8 52.1 421.5 7.44 1.4 3.23 7 24.4 3.21 1507 0.2

07GLE22-111 551521 5876622 0.1 8.6 <1 568 <.1 6.18 0.3 18 35 73.5 116 8.03 2.2 1.5 7.4 20.6 3.48 1450 0.1

07JLO25-177 542458 5885376 <.1 7.57 1 1209 <.1 6.24 0.1 19 26.4 47.9 55.1 6.91 1.7 3.23 9 35.1 2.56 1438 <.1

07JLO27-190 544116 5892126 0.1 9.14 3 1152 <.1 7.46 0.1 14 38.4 17 165.3 9.09 0.5 2.45 6.7 30.5 3.59 1424 0.1

Std CANMET WPR1 0.6 1.67 -1 43 21 0.1 1.6 0.2 5 202.2 2595.2 1722.9 10.56 0.5 0.09 2 5.7 18.09 1397 0.3

Recommended 0.7 1.64 1.4 42.2 22 0.19 1.43 0.43 6 180 3300 1640 9.93 0.61 0.165 2.2 4.2 18.69 1549 0.9

% Difference 15.4 1.8 1200 1.9 4.7 62.1 11.2 73.0 18.2 11.6 23.9 4.9 6.1 19.8 58.8 9.5 30.3 3.3 10.3 100

Element Na Nb Ni P Pb Rb S Sb Sc Sn Sr Ta Th Ti    U V    W Y Zn Zr

Units (%) (ppm) (ppm) (%) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Method TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP TICP

Station Number Easting Northing 0.001 0.1 0.001 0.01 0.02 0.02 0.1 0.5 0.1 0.2 0.001 0.5 2 1 0.1

07GLE10-53 541694 5893709 2.903 36.5 2.1 0.005 627.6 185.6 <.1 1.3 2 10 52 2.7 28.7 0.064 8.6 5 6.2 10.9 289 81.6

07JLO10-54 540602 5897830 1.155 7.9 38.9 0.076 12.6 102.6 0.5 4 14 1.3 472 0.6 5.3 0.335 1.4 141 1.3 15 58 31.3

07JLO14-87 567045 5877649 0.111 19 26.7 0.073 27.2 2 <.1 0.9 12 4.8 2075 1.4 15.7 0.405 4.6 86 0.8 27.6 85 17.4

07JLO18-118 554373 5879944 0.016 19.7 540 0.196 8.4 55.9 <.1 122.2 16 1 228 1 6.2 0.421 1.6 142 0.8 13.5 99 75.7

07JLO18-126 554332 5875955 3.272 2.9 8.9 0.13 13.2 106.6 0.2 0.4 8 0.5 1684 0.2 0.8 0.18 0.5 135 0.2 7.8 52 38.8

07GLE20-106 542139 5894516 1.933 3.8 45.1 0.132 2.7 53.2 0.1 4 31 1.2 1165 0.3 1 0.868 0.6 399 0.8 23.8 84 63.3

07JLO20-131 551661 5881262 2.974 1.7 25.9 0.063 5.5 58.8 <.1 0.7 25 0.9 345 0.1 0.8 0.415 1.3 256 1.3 12.9 84 43.8

07JLO21-141 546726 5881716 0.643 5.7 38.4 0.043 6 49.4 0.2 32.5 14 1.1 284 0.5 3.8 0.259 1.2 199 3.6 12.3 79 30.7

07JLO22-147-2 547698 5881795 3.09 2.8 16.5 0.21 12.1 91.7 1.5 1.7 9 1.8 1455 0.2 1.5 0.255 0.8 176 0.5 11.6 89 39.9

07GLE26-119 546480 5876166 1.188 1.9 30.9 0.293 6.6 44.1 0.2 0.4 21 0.6 382 0.2 1.3 0.328 1.5 273 0.9 10.8 85 30.3

07GLE29-137 535507 5889129 2.854 2.4 6.1 0.098 5.3 5.6 0.1 0.6 21 1 195 0.2 0.8 0.537 0.8 175 0.2 24.6 64 61.8

07GLE23-114 555518 5895807 2.575 9.7 149.2 0.188 5.1 13.4 0.4 0.2 30 1.3 513 0.7 2.3 0.931 0.5 269 0.3 25.9 80 43.9

07JLO13-83 544811 5902426 3.171 15.9 5 0.055 25.1 157.3 0.1 <.1 4 2.2 311 1.2 19.4 0.171 7.6 28 0.3 14 45 32.3

07GLE3-10 546610 5896809 3.06 15.7 15.5 0.075 17.4 128.2 <.1 0.2 5 2.2 373 1.2 13.9 0.281 3.2 48 0.2 11.6 42 31.7

07GLE31-147 544702 5895672 3.557 23.3 20.8 0.277 15.5 55.1 0.1 0.6 11 1.4 1228 0.9 11.6 0.634 4.1 155 0.8 16.6 88 125.4

07JLO13-80 555424 5898275 0.013 1.5 2304.3 0.001 2.7 2.1 <.1 2.5 10 0.6 23 0.1 0.2 0.012 0.9 31 0.6 1.5 55 1.6

07JLO20-134 546542 5881292 1.967 1 12.7 0.23 5.8 87.3 0.2 0.1 15 0.7 1923 0.1 0.5 0.39 0.2 309 2.6 13.5 80 42.4

07GLE26-126 546469 5881403 1.733 2.1 29.4 0.322 4.6 63.2 0.1 <.1 24 0.6 1326 0.1 0.6 0.46 0.2 299 0.5 14.6 101 45.2

07GLE22-111 551521 5876622 2.945 4.2 28.6 0.139 3 36.5 0.6 0.2 34 1.2 1081 0.2 1.2 0.923 0.5 370 0.2 26.4 113 79.7

07JLO25-177 542458 5885376 1.796 2.5 16.6 0.335 8.5 56.9 0.1 0.3 23 0.7 1358 0.1 1 0.448 0.6 319 0.2 15.4 101 61

07JLO27-190 544116 5892126 1.475 1.8 13.9 0.235 1.9 59.2 0.3 0.2 32 0.7 909 0.1 0.6 0.626 0.3 437 0.1 12.4 85 12.8

Std CANMET WPR1 0.021 1.7 3293 0.02 5.7 4.7 0.7 0.8 11 0.8 8 0.1 0.2 0.192 0.1 81 -0.1 3.8 96 14.6

Recommended 2.4 2900 0.013 6 5 0.9 0.9 12 1.1 7 0.4 0.179 0.2 65 95 18

% Difference 200.0 34.1 12.7 42.4 5.1 6.2 25.0 11.8 8.7 31.6 13.3 200.0 66.7 7.0 66.7 21.9 200.0 200.0 1.0 20.9

06JLO: TICP= Four acid digestion - inductively coupled plasma emission/mass spectrometry analysis. FA - Lead collection fire assay - ICPES Finish. Acme analytical, Vancouver

TABLE 1. ASSAYS OF ROCK SAMPLES COLLECTED DURING SUMMER 2007 FIELDWORK, COTTONWOOD MAP SHEET
(093G/01); ANOMALOUS SAMPLES HIGHLIGHTED IN YELLOW.



a num ber of over lap ping Early Ju ras sic ages that in clude a
con cor dant U-Pb ti tan ite age of 188.3 ±0.5 Ma, and Ar-Ar
pla teau ages from hornblende (187.7 ±1.1 Ma) and bi o tite
(186.34 ±0.96 Ma). An other Early Ju ras sic U-Pb zir con age 
of 186 ±2 Ma is re ported for late-stage peg ma tite from the
Po laris com plex (Nixon et al., 1997). Sam ples of the Ahbau 
Creek and Cot ton wood River stocks have been collected
for Ar-Ar dating. Results are pending.

CRETACEOUS PLUTONS

Naver Pluton

The Naver pluton is a north-trending 500 km2 body of
mainly gran ite com po si tion that un der lies the area from
Mount George south ward into the cur rent map area at
Genevieve Lake (Fig 2; Struik et al., 1992). North of the
map area, it in trudes the Eu reka thrust, pro vid ing a min i -
mum age for the su ture be tween the Quesnel, Slide Moun -
tain and Kootenay ter ranes. The south ern end of the pluton
ex tends into the study area and is rep re sented by three iso -
lated, well-rounded and sub dued out crops of white weath -
er ing gran ite. The tex ture of the gran ite var ies from feld -

spar megacrystic to coarsely equigranular. Mafic min er als
com monly form less than 7% of the rock. Bi o tite pre dom i -
nates with hornblende pres ent in some of the more mafic
bor der phases. The south ern bor der of the pluton is char ac -
ter ized by a nar row zone (20–200 m) con tain ing xe no liths
of metavolcanic and metavolcaniclastic rocks.

Modal min eral con tents based on point counts and no -
men cla ture fol low ing the clas si fi ca tion of Streckeisen
(1973) in di cates pri mar ily gran ite com po si tion and rare
granodiorite (Struik et al., 1992). Thin sec tions show 30 to
40 % plagioclase, 30 to 35 % orthoclase, 25 to 30% rounded 
quartz and 5 to 7% bi o tite±mus co vite. Ac ces sory min er als
in clude sphene, zir con and mag ne tite. Al ter ation of
p l a g i o c l a s e  i n  c l u d e s  m i  n o r  s e r i  c i t e ,  c l a y  a n d
saussurite±cal cite. The tex ture and min er al ogy of the gran -
ite is well ex hib ited in stain ing off-cut thin-sec tion blocks
with sodium cobaltinitrate (Fig 9).

North erly trending por phy ritic gran ite dikes in trude
hornfelsed Nicola Group vol ca nic and volcaniclastic coun -
try rocks pe riph eral to the south ern mar gin of the Naver
pluton. The dikes trend south erly, dip ping steeply to the
east and rarely ex ceed ing 5 m in width. Min eral com po si -
tion is sim i lar to the main pluton and com prises 2 to 3 mm
pheno crysts of euhedral to resorbed quartz, 2 to 5 mm
plagioclase and finer grained 1 mm crys tals of chloritic
and/or sericitic bi o tite in a fine orthoclase-rich ma trix. The
fine-grained groundmass with resorbed por phy ritic pheno -
crysts sug gest the rapid cool ing and quench ing char ac ter is -
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Fig ure 8. Me dium-grained melanocratic pyroxene-hornblende
monzodiorite and trachytic orthoclase megacrystic syenite phases
of the Cot ton wood mafic-ultra mafic com plex, Cot ton wood Creek.

Fig ure 6. In tru sion brec cia, Ahbau Creek mafic-ultra mafic com -
plex, up per falls on Ahbau Creek.

Fig ure 7. Pho to mi cro graph of pyroxene-bi o tite diorite from the
Ahbau Creek mafic-ultra mafic com plex, shows subhedral
pyroxene, plagioclase and mag ne tite grains en vel oped by large
poikilitic bi o tite (07JLO10-59). Plane-po lar ized light. Ab bre vi a -
tions: bio, bi o tite; ksp, K-feld spar; mg, mag ne tite; px, pyroxene.



tic of nar row dikes; the com po si tion and prox im ity to the
Naver pluton suggest consanguinity.

The Naver pluton was as signed a mid-Cre ta ceous age
by Wanless et al. (1967) on the ba sis of K-Ar bi o tite ages of
107.3 ±5 Ma and 109 ±6 Ma. Hunt and Roddick (1988)
con firmed the age with new K-Ar iso to pic ages of bi o tite
that yielded 98 ±3 and 101 ±2 Ma dates. Ura nium-lead age
de ter mi na tions on zir con and monazite frac tions from an
ad di tional two sam ples sug gest a 113 ±1 Ma crys tal li za tion
age for the pluton (Struik et al., 1992). The ca. 100 Ma K-Ar 
bi o tite dates are cool ing ages in di cat ing rel a tively slow
cool ing af ter crys tal li za tion.

Tertiary Sedimentary Rocks

Struik et al. (1990) mapped a nar row belt of poorly
con sol i dated and gen er ally undeformed Ter tiary sed i men -
tary rocks ex posed on Umiti and Mary creeks in the east ern
por tion of the map (Fig 2). These ar eas were not vis ited dur -
ing the cur rent study and the fol low ing de scrip tion sum ma -
rizes earlier work.

Struik et al. (1990) cor re lated these sed i men tary rocks
with three mid-Ter tiary for ma tions, the Aus tra lian Creek,
Fra ser Bend and Crownite, which are con fined to a belt no
more than 15 km wide along the Fra ser River, west and
south of Quesnel. Rouse and Matthews (1979) in ter preted
the pres er va tion of these Oligocene to Late to Mid dle Mio -
cene flu vial and paludal sed i men tary rocks ex posed along
the Fra ser River to their po si tion in postdepositional down-
faulted blocks rather than a val ley-fill de po si tion model.
The Aus tra lian Creek and Fra ser Bend for ma tions con sist
of well-sorted gravel, al ter nat ing finer and less well-sorted
gravel and silt, clay and seams of lig nite; the over ly ing
Crownite For ma tion is almost pure diatomite with some
clay.

Quaternary Cover

Un con sol i dated Ho lo cene and Pleis to cene sed i ments
cover much of the area. Bed rock is lim ited to deeply in cised 
creeks and rivers and hill tops. Deglaciation outwash, lake
and drift de pos its com prise much of the sediments.

STRUCTURE

The gen eral ac cepted struc tural evo lu tion of the Cor -
dil lera at this lat i tude in vokes from three to as many as five
phases of re gional fold ing (Rees, 1987; Struik, 1988a;
McMullin, 1990). Ev i dence for the ear li est de for ma tion
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Fig ure 9. Equigranular gran ite phase of the Naver pluton stained
with so dium cobaltinitrate to de ter mine the per cent ages of
plagioclase, po tas sium feld spar and quartz.

Fig ure 10. a) North west-trending brit tle shear zone show ing shear
bands and asym me try sug ges tive of dextral shear in a fault, cut ting
Cot ton wood suc ces sion fine-grained volcaniclastic and sed i men -
tary rocks, Ahbau Creek; col oured pen cil for scale. b) Brit tle shear
zone, cut ting Cot ton wood suc ces sion fine-grained sed i men tary
rocks in Cot ton wood River, same lo ca tion as Fig ure 4. The an ti -
thetic slip along frac ture planes in di cates a sinistral sense of shear
along the fault.



that af fects rocks of the Barkerville subterrane is not re -
corded in Quesnellia. The sec ond phase of de for ma tion
pro duced tight to iso cli nal north west-trending folds, which
Rees (1987) sug gested had north east to east erly vergence.
This sec ond phase of fold ing was synmetamorphic (i.e.,
phyllosilicate min eral growth par al lels fo li a tion). The third
phase of re gional de for ma tion (McMullin, 1990), D2 in
Quesnellia, pro duced up right to in clined south west to
west ward-verg ing backfolds. These north west-trending
fold struc tures are re spon si ble for much of the re gional
map-scale pat terns. The D2 phase is re spon si ble for the z-
shaped folded terrane bound ary (Barkerville subterrane
and Quesnel Terrane) de marked by the Crooked am phi bo -
lite. Youn ger de for ma tion (D3) is ev i denced by open up -
right folds and warps that lack a pen e tra tive ax ial pla nar
cleav age. Youn ger struc tures in clude prom i nent sys tems of
Eocene dextral strike-slip and extensional faults
(Panteleyev et al., 1996).

Struc ture in the Cot ton wood map area is not well
known due pri mar ily to the poor ex po sure and lack of any
dis tinc tive marker units within the fine-grained clastic and
volcaniclastic units that dom i nate the map. The study area
lies on the west flank of a broad north west erly plung ing
arch, cored by Snow shoe Group rocks and the Naver
pluton. The re gional trend of the units is north west erly;
faults trend north-north west and northeast.

The Eu reka and Span ish thrust faults sep a rate the
imbricated ter ranes and are the ear li est struc tures rec og -
nized (Struik, 1986, 1988a). The Eu reka thrust (Struik,
1983) sep a rates the Quesnel Terrane in the hangingwall
from the Barkerville subterrane in the footwall. It trends
north erly and is marked by dis con tin u ous ser pen tin ite and
am phi bo lite of the Crooked am phi bo lite and/or iso lated
mag netic highs on the re sid ual to tal mag netic field plots re -
flect ing cov ered serpentinized ultra mafic rocks. The
hangingwall Nicola Group sed i men tary rocks and footwall
Snow shoe Group rocks are penetratively fo li ated ad ja cent
to the struc ture. The Span ish thrust trends north erly and im -
bri cates the east ern volcaniclastic suc ces sion with Nicola
Group sed i men tary rocks of the black pelite suc ces sion
(Struik et al., 1990). The con tact be tween the east ern sed i -
men tary rocks and the east ern volcaniclastic suc ces sion
was not lo cated and there fore ev i dence for, or the degree of, 
imbrication along this structure could not be evaluated.

A num ber of north west-trending par al lel lin ea ments
are de fined by the drain age pat terns of the Cot ton wood
River and Ahbau Creek in the north west ern por tion of the
map area. North west-trending dis crete brit tle fault struc -
tures from sev eral metres up to tens of metres wide have
been mapped in creek ex po sures along both of these drain -
age sys tems. Shear band ori en ta tion and asym met ric ro ta -
tion of augen in di cate a con sis tent dextral sense of shear for
some of the north west-trending faults (Fig 10a). Al ter na -
tively, sim i lar north west-trending brit tle shears ex posed
along strike have shear sense in di ca tors, which show
sinistral mo tion along these fault structures (Fig 10b).

Struik et al. (1990) mapped a north east-strik ing fault at 
the south end of Ahbau Lake that shows ap par ent dextral
off set. The dis tri bu tion of ser pen tin ite and am phi bo lite
units across the fault is con sis tent with dextral off set of the
Crooked am phi bo lite and Eu reka thrust across this
lineament (Fig 2).

The volcaniclastic and sed i men tary rocks of the
Quesnel Terrane are tightly folded, lo cally re folded and
sheared with in ten sity of de for ma tion in creas ing east ward

(i.e., down sec tion). The sed i men tary rocks of the black
pelite and Cot ton wood River suc ces sions and some of the
finer-grained volcaniclastic rocks show mi nor fold struc -
tures that con sis tently show north west-trending, north east-
verg ing folds. Sparse struc tural data for the west ern
volcaniclastic suc ces sion along Umiti Road sug gest these
rocks oc cupy the up per limb of a northeast-verging
antiform.

METAMORPHISM

Meta mor phism in creases from west to east across the
map area from prehnite-pumpellyite and ze o lite grades to
greenschist for the Me so zoic arc rocks and as high as gar net 
to am phi bo lite (?) fa cies for some of the Barkerville
subterrane rocks (Green wood et al., 1991; Read et al.,
1991). A sharp tran si tion from low to higher meta mor phic
grade is ap par ent at the terrane bound ary be tween the
Quesnel Terrane, the Crooked am phi bo lite and the
Barkerville subterrane. Meta mor phic min eral as sem blages
of the black pelite unit are char ac ter ized by chlorite-mus co -
vite with out bi o tite. Pen e tra tive de formed rocks of the
Crooked am phi bo lite are char ac ter ized by chlorite-
ep ido te -am phi  bo  l i te±b i  o  t i te  and /or  an t igor i te -
chlorite±tremolite and talc as sem blages, whereas
micaceous quartz ite and schist of the Snow shoe Group con -
tain a synkinematic meta mor phic as sem blage of bi o tite,
mus co vite±gar net and actinolite, locally retrograded to
biotite and chlorite.

Rocks of the Quesnel Terrane and Barkerville
subterrane, the black pelite and Snow shoe Group are
penetratively de formed in the vi cin ity of the terrane bound -
ary. West from this tec tonic bound ary, rocks of the Quesnel
Terrane are not penetratively de formed or meta mor phosed
be yond lower greenschist facies.

Con tact meta mor phism af fects a 1.5 to 2.0 km wide
zone ad ja cent to the south ern mar gin of the mid-Cre ta ceous 
Naver pluton. The volcaniclastic rocks are vari ably al tered
to a fine-grained, brown to dark pur ple bi o tite, chlorite,
actinolite±pyrrhotite hornfels, with lim ited skarn and
calcsilicate de vel op ment in thin cal car e ous ho ri zons. Over -
print ing the dark hornfels are frac ture-con trolled pale
anastomosing bleached zones of Na and/or K-en riched hy -
dro ther mal al ter ation. No sul phide introduction was
recognized.

MINERALIZATION

MINFILE in di cates ten min eral oc cur rences and three
dif fer ent min eral de posit mod els ap pli ca ble to the Cot ton -
wood map area that in clude seven past-pro duc ing surficial
placer gold de pos its lo cated along the Cot ton wood River
and trib u tar ies, four zones of al ka line por phyry Cu-Au
min er al iza tion known to oc cur at Mouse Moun tain and au -
rif er ous polymetallic veins that have been the fo cus of past
and cur rent ex plo ra tion on the G-South de vel oped pros pect 
(Ta ble 2). North of the area, lim ited pro duc tion is re corded
for gold-quartz veins near Hixon and show ings of mo lyb -
de num and tung sten min er al iza tion oc cur near the west ern
mar gin of the Naver pluton. South of the map area, Cu±Mo
por phyry min er al iza tion as so ci ated with calcalkaline in tru -
sive com plexes at the Gi bral tar mine and Cu±Au por phyry
and propylitic Au re place ment as so ci ated with al ka line in -
tru sive cen tres at the Mount Polley mine and the QR mine,
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re spec tively, com prise important exploration models for
this part of the Nicola Arc (Fox, 1975; Bailey, 1990).

Proven and prob a ble re serves at Gi bral tar (0.2% Cu
cut off) to tal 232 Mt of 0.318% Cu and 0.010% Mo with an
ad di tion 554 Mt of mea sured and in di cated at 0.28% Cu and 
0.008% Mo and 15 Mt of ox ide (0.10% acid-sol u ble Cu) at
0.148% Cu (Taseko Mines Lim ited, 2007). Proven and
prob a ble re serves at the Mount Polley mine in cor po rate the
open pit min ing of the South east zone, the C2 zone and the
Springer zone in ad di tion to the Wight and Bell pits and to -
tals 59.9 Mt of 0.36% Cu, 0.27 g/t Au and 0.73 g/t Ag (Im -
pe rial Met als Cor po ra tion, 2007), with an ad di tion of mea -
sured and in di cated re sources of 73.5 Mt of 0.356% Cu,
0.302 g/t Au and 1.42 g/t Ag. Re serves for the QR es ti mated 
by Kinross Gold Cor po ra tion at Jan u ary 1, 1997 were
1.57 Mt grad ing 3.99 g/t Au, with the main zone host ing an
es ti mated 0.6 Mt of 4.4 g/t Au (MINFILE 093A  121). The
mill and re lated sur face fa cil i ties have been re ha bil i tated by 
Cross Lake Min er als Ltd. and the re start of op er a tions and
de vel op ment of the QR mine is pro jected to com mence in
the third quarter of 2007 (Cross Lake Minerals Ltd., 2007).

Twenty-one rock geo chem i cal sam ples were col lected
dur ing the course of the sum mer map ping pro gram of al ter -
ation and min er al iza tion to as sess the min eral po ten tial of
the area (Ta ble 1). Sam pling of the min er al iza tion at Mouse
Moun tain was car ried out last year (Jonnes and Logan,
2007).

EXPLORATION ACTIVITY

With the ex cep tion of placer leases, Rich field Ven tures 
Cor po ra tion holds the ma jor ity of min eral claims that cover 
the 093G/01 map area and have been ac tively ex plor ing the
Quesnel belt since 2004. They have com pleted soil geo -
chem i cal sam pling pro grams, fol low ing up multi and sin -
gle-el e ment re gional geo chem i cal sur vey anom a lies and
geo phys i cal anom a lies gen er ated by the low-level he li cop -
ter-borne geo phys i cal sur vey com pleted in 2005 over the
G-South, Ahbau Lake and Mary Creek targets (Tempel -
man-Kluit, 2006).

The multisensor (gamma-ray spec tro met ric and mag -
netic) air borne geo phys i cal data for the Cot ton wood-Wells
area was col lected by Fugro Air borne Sur veys un der con -
tract to the Geo log i cal Sur vey of Can ada (Car son et al.,
2006). It was one of ten ar eas flown in the sum mer months
of 2004 and 2005 in cen tral Brit ish Co lum bia. Fund ing was
de rived from a joint ‘Rocks to Riches’ pro gram in volv ing a
num ber of pro vin cial, in dus try and First Na tions part ners
and sup ported by Nat u ral Re sources Can ada. The K, K-Th,
mag netic to tal field and mag netic ver ti cal gra di ent maps
can be used to iden tify potassic al ter ation, and mag ne tite
en rich ment/de ple tion zones as so ci ated with Cu-Au min er -
al iza tion (Fig 11) and have been used suc cess fully to de fine
porphyry targets elsewhere in the Quesnel Terrane (Shives,
2004).
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Surficial Placers

093G 009 Hannador 552929 5882203 Au

Lightning Creek

(past producer)

093G 022
MacMillian, Cottonwood 

River
550695 5882365 Au

(past producer)

093G 025 Cottonwood Placer 560751 5880164 Au, Pt

(past producer)

093G 026
Mary Creek, Norton 

Creek, Old San Juan
562718 5873544 Au

(past producer)

093G 059 Gagen Creek 562718 5873544 Au

(past producer)

093G 060 Mostique Creek 565811 5875007 Au

(past producer)

Polymetallic veins

093G 007 G-South 542976 5894496 Au, Cu, Zn, Pb, Ag

(developed prospect)

Porphyry Cu-Au; alkalic

093G 003 Mouse Mountain 545508 5878048 Cu, Ag, Au

(past producer)

093G  005 Mouse Mountain 543824 5876796 Cu

(showing)

Name
(Status)

MINFILE # Easting Northing Commodity Description

ÿªregion underlain to the west by Mesozoic sedimentary and volcanic rocks of the Quesnel Terrane and to the east by Proterozoic to 

Paleozoic dominantly metasedimentary rocks of the Omineca Belt

ÿªquartz veins in greenschist facies rocks of the Omineca Belt are commonly auriferous 

ÿªthe Hannandor deposit occurs on Lightning Creek at the junction of Angus Creek in the southeastern corner of the map area. This 

deposit is one of several past placer gold producers on Lightning and other creeks draining the Omineca Belt. These placer deposits 

occur in late Tertiary (Miocene) gravels

ÿªsulphide mineralization occurs disseminated in the country rocks and in stockworks and breccia infillings with quartz, calcite, 

epidote and chlorite; two main types of mineralization: 1) disseminated and fracture-controlled pyrite, pyrrhotite and rare chalcopyrite 

in volcanic or along contacts with rhyolite dikes and 2) massive sulphide mineralization within gouge zones up to 1.9 m wide 

consisting of pyrite, arsenopyrite and sphalerite and occasionally chalcopyrite and galena 

ÿªhigh gold and silver values are not coincident and do not appear to be associated with the percentage of sulphides present. The 

best mineralization is suggested to occur at or near the intersection of regional fault structures that trend northerly and southeasterly

ÿªMineralization is mainly chalcopyrite, with bornite and minor tetrahedrite. Mineralization occurs within felsic to intermediate breccias 

as fracture fillings. Disseminated copper mineralization also occurs within the feldspar porphyry stock. Associated alteration in the 

volcanic rocks is mainly argillic and propylitic with some potassic alteration of the stock

ÿª small felsic to intermediate alkaline plutons of Late Triassic and Early Jurassic intrude basalt and volcaniclastic rocks of the upper 

part of the Nicola Group

ÿªUpper Triassic to Lower Jurassic sedimentary and volcanic rocks; Intruding these rocks are small felsic to intermediate alkalic 

plutons of Late Triassic and Early Jurassic age. These are in part   comagmatic with the volcanic rocks of the upper part of the 

Nicola stratigraphy. Mouse Mountain is underlain by one of these alkalic plutons (Mouse Mountain Stock). The stock is composed of 

syenite, syeno-monzonite, with minor gabbro. The stock has intruded Late Triassic basaltic rocks and is mantled unconformably (?) 

by Early Jurassic intermediate tuffs and polylithic breccias

ÿªChalcopyrite mineralization is reported to occur within gabbro bodies 

ÿªthe pre-Tertiary geology of this area consists of mafic volcanic and sedimentary rocks of the Upper Triassic Nicola Group and 

Lower Jurassic volcaniclastic rocks of the Quesnel Terrane

ÿªthe Cottonwood workings produced alluvial platinum and gold

ÿªmafic volcanic and sedimentary rock of the Upper Triassic Nicola Group of the Quesnel Terrane

ÿªCottonwood workings produced alluvial platinum and gold

ÿªultimate source of gold may have been the auriferous veins of the Barkerville subterrane from which the Cottonwood River drains

ÿªpre-Tertiary geology of this area consists of mafic volcanic and sedimentary rocks of the Upper Triassic Nicola Group and Lower 

Jurassic volcaniclastic rocks of the Quesnel Terrane

ÿªgold from the Mary Creek placer deposit produced from pay gravels a few centimetres to a few metres thick. The roundness of the 

ÿªwell-worn, fairly coarse placer gold in bench-type deposits

ÿªprimarily basalt

ÿªprimarily underlain by argillite cut by intrusions

ÿªat the mouth of Mostique Creek, coarse placer gold occurs in a buried channel deposit, and fine gold originated mainly from post-

glacial gravels overlying the deposit

TABLE 2. MINFILE OCCURRENCES WITHIN THE COTTONWOOD MAP SHEET (093G/01).



In the map area, the mag netic to tal field map can be
used to rec og nize the dis tri bu tion of mag ne tite-bear ing in -
tru sions, serpentinized ultra mafic rocks of the Crooked am -
phi bo lite and de mark the lo ca tion of most of the pyroxene-
phyric brec cia and volcaniclastic rocks (Fig 11a). Uti liz ing
the first ver ti cal gra di ent mag netic plot (Fig 11b) pro vides a 
more pre cise lo ca tion for vari a tions in the mag netic field
that can re flect lithological con tacts and pro vide a means to
trace con tacts be neath over bur den. From Fig ure 11b, the
large first-or der mag netic anom aly cen tred in the map can
be seen to be com posed of a num ber of dis crete mag netic
iden ti ties which, upon map ping, re veal small iso lated plugs 
of the pyroxene-bi o tite-mag ne tite diorite co in ci dent with
the north ern mar gin of a prob a ble com pos ite in tru sion. Fig -
ure 11c is a plot of the ra tio of eTh/K, which pro vides a neg -
a tive anom aly (dark blue col our) that corresponds to
anomalous K screened against equivalent Th values.

The Cu-Au min er al ized show ings on Mouse Moun tain 
have be come the main fo cus of Rich field Ven tures Cor po -
ra tion’s ex plo ra tion ef forts since 2006.

Mouse Mountain

Mouse Moun tain is a Cu, Au and Ag past pro ducer sit -
u ated 9 km east-north east of Quesnel in cen tral BC. Some
time around 1950, 20 t of hand-sorted ore grad ing 1.55 g/t
Au, 15.5 g/t Ag and 5.6% Cu was pro duced from open pits
and shipped to the Ta coma smelter (Suther land Brown,
1957). A thor ough ac count of the back ground his tory and
de vel op ment of the prop erty is pro vided by Greig and
Tempelman-Kluit (2007). Re cent ex plo ra tion work car ried
out on the Mouse Moun tain prop erty in cludes ground geo -
phys i cal sur veys, ex ca va tor trench ing, map ping and rock
sam pling (Jonnes, 2006; Greig and Tempelman-Kluit
2007; Jonnes and Logan, 2007).

Mouse Moun tain is un der lain by a roughly equant
stock of very fine grained, leucocratic syeno-monzonite,
which co in cides with a 1 km by 0.5 km air borne mag netic
high and a much broader co in ci dent air borne ra dio met ric
(K-Th) anom aly (Car son et al., 2006). The monzonite ap -
pears to be in ti mately re lated to the min er al iza tion iden ti -
fied along the north east flank of Mouse Moun tain (Jonnes,
2006). Three dis crete zones of Cu-Au min er al iza tion are
known and in clude, from north to south, the Rain bow, Val -
en tine and High-grade zones. The char ac ter of min er al iza -
tion, al ter ation and metal tenor for each of the three zones is
reported in Jonnes and Logan (2007).

A deep-fo cus three-di men sional in duced po lar iza tion
(IP) sur vey has de fined an 800 m long, north east-trending
chargeability tar get and east ward-off set re sis tiv ity tar get
on the west flank of the moun tain. A 10 000 m di a mond drill 
pro gram ini ti ated Oc to ber 2007 is cur rently un der way to
test the chargeability, re sis tiv ity and mag netic highs that
flank Mouse Moun tain on the west. Re sults from the cur -
rent drill ing program have not been released.

Al ter ation as sem blages at the Val en tine zone in clude a
per va sive K-feld spar re place ment of the monzonite (?) ma -
trix, al ter ation and re place ment of plagioclase crys tals with
orthoclase rims and at the same time in tro duc tion of mag ne -
tite, py rite and chal co py rite (Fig 12a). A sec ond ary green
pyroxene di op side oc curs as vein and brec cia fill ings as so -
ci ated with mi nor chal co py rite (Fig 12b). Fol low ing the
main Cu-Au min er al iza tion is a struc ture-con trolled
FeCO3-sil ica-py rite al ter ation event, which is texture and
grade destructive.
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Fig ure 11. Con tacts and faults from Fig ure 2 are shown to -
gether with air borne mag netic to tal field (a) for NTS 093G/01
(each map is 33.5 by 27.7 km); mag netic ver ti cal gra di ent (b)
and po tas sium-tho rium ra tio maps (c). Also shown are
MINFILE oc cur rences for 093G/01: filled cir cles de note
surficial placer gold, the in verted filled tri an gle de notes au rif -
er ous base-metal vein min er al iza tion and crosses rep re sent
alkalic Cu-Au.



The dis tri bu tion of mul ti ple in tru sive rocks of com pos -
ite com po si tion, the mag netic sig na ture, al ter ation as sem -
blages, chal co py rite-mag ne tite min er al iza tion are sim i lar
to the char ac ter is tics of alkalic Cu-Au por phyry min er al -
iza tion known to be hosted by Nicola vol ca nic and plutonic
rocks of the Quesnel Arc. Ura nium-lead (zir con) dat ing of
the monzodiorite that hosts min er al iza tion at the Val en tine
zone re turned a crys tal li za tion age of 207.4 ±0.58 Ma. Al -
ter ation and min er al iza tion over print, how ever, ap pear to
be closely linked to the monzodiorite and were prob a bly
gen er ated from late-stage fluids associated with the Mouse
Mountain monzonite.

G-South

The G-South de vel  oped pros pect (MINFILE
093G  007) is lo cated ap prox i mately 28 km north-north east
of Quesnel in a 2 by 1 km2 area north of Ahbau Creek. Here,
au rif er ous base-metal veins oc cupy north and north east erly 
trending brit tle shears that cut hornfelsed Nicola Group
vol ca nic and volcaniclastic sed i men tary rocks. The vol ca -
nic rocks are in truded to the south by a Late Tri as sic to
Early Ju ras sic ultra mafic-mafic plutonic com plex and to
the north by the mid-Cre ta ceous Naver pluton. Nar row
north east-trending dikes of gran ite re lated (?) to the Naver
pluton oc cupy min er al ized struc tures and are weakly
mineralized.

Gold-bear ing sul phide veins of the Ahbau Au zone
were staked and ex plored be gin ning in the 1960s. In 1968,
Equa to rial Re sources Ltd. and then in 1971, Texas Gulf
Sul phur ex plored the prop erty for volcanogenic mas sive
sul phide min er al iza tion. Sev eral nar row zones of
subeconomic au rif er ous sul phide vein min er al iza tion were
de lim ited, but the eco nomic po ten tial of the prop erty (i.e.,
con ti nu ity) was con sid ered low due to dis rup tion by fault -
ing (New ell and Podolsky, 1971). Be tween 1982 and 1988,
Ga briel Re sources Inc. con ducted field work over the prop -
erty that in cluded heavy-min eral con cen trate sam pling, soil 
and rock geo chem is try, very low fre quency elec tro mag -
netic (VLF-EM) and mag ne tom e ter sur veys, geo log i cal
map ping, an air borne geo phys i cal sur vey, back hoe trench -
ing and per cus sion and di a mond drill ing (Troup and Ridley, 
1982; Ridley et al., 1983; Butterworth et al., 1985; Walcott,
1986; Kowalchuk, 1987; Kowalchuk and Mathison, 1987;
Lechow, 1987a, b; New ton, 1988). Di a mond drill ing com -
pleted in 1986 (1896 m in 25 holes) and 1987 (2809 m in 21
holes), while rel a tively shal low (all less than 200 m), did in -
ter sect con sid er able Au grades in nar row dis con tin u ous
brit tle fault struc tures. New ton (1988) re ported anomalous
Au values in more than 120 drill intersections of greater
than or equal to 0.34 g/t Au.

Gold min er al iza tion oc curs in north-trending brit tle
shear zones, a north west-trending ap par ently youn ger
fault, the Dis cov ery zone and as dis sem i nated and
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Fig ure 12. Pol ished thin sec tion pho to mi cro graphs of Mouse Moun tain monzonite from the Val en tine zone: a) K-flooded microporphyritic
monzonite brec cia, al tered by sec ond ary di op side; plane po lar ized light; b) opaque min er al ogy con sists of subhedral, coarse-grained, early 
py rite and mag ne tite and rel a tively youn ger chal co py rite and mag ne tite inter growths oc cu py ing in ter stices in the brec cia; re flected light.
Ab bre vi a tions: Cpy, chal co py rite; Di, di op side; Kf, K-feld spar; Pl, plagioclase; Py, pyroxene; Mg, mag ne tite; mx, ma trix.



stockwork re place ments lo cal ized in cherty tuff and fine-
grained volcaniclastic rocks.

Min er al iza tion as so ci ated with the north-trending
struc tures con sists pri mar ily of py rite and pyrrhotite with
lesser amounts of sphalerite, ga lena, chal co py rite and ar -
seno py rite and is con fined to <1.0 m and of ten <0.5 m wide
brec cia zones. The min er al ized zones are sul phide-rich and
ei ther gangue-poor mas sive sul phide or intergrown with
vari able amounts of quartz-car bon ate±chlorite gangue in
veins, stockworks and brec cia. Leucocratic, vari ably but
char ac ter is ti cally FeCO3 and clay al tered, north erly
trending quartz and orthoclase por phy ritic dikes in trude
along and across the north-trending struc tures at the G-
South. The dikes are char ac ter ized by crys tal ag gre gates of
euhedral quartz, fine-grained rel ict bi o tite and dis sem i -
nated py rite and as so ci ated with sparse chalcopyrite and
gold±galena mineralization.

Min er al iza tion at the Dis cov ery zone is hosted within a 
mas sive sul phide vein that strikes 227° and dips 35° to the
north west. It has been traced for about 50 m by trench ing,
but along-strike ex ten sion of the min er al ized struc ture
could not be dem on strated with fol low-up drill ing
(Kowalchuk and Mathison, 1987). Se lected as say re sults
from Trench 1 on the Dis cov ery zone show con sis tent min -
er al iza tion over widths of 1.0 and 2.0 m. Mean val ues from
three 1.0 m wide sam ples from the Dis cov ery zone trench
are 8.48 g/t Au, 38.74 g/t Ag, 0.75% Cu, 0.76% Zn, 0.04%
Pb, 0.95% As; from three 2.0 m wide sam ples also from the
Dis cov ery zone trench are 6.74 g/t Au, 38.79 g/t Ag, 0.43%
Cu, 0.40% Zn, 0.08% Pb, 0.49% As (Kowalchuk and
Mathison, 1987). The Dis cov ery zone trench was not lo -
cated dur ing re gional mapping and could not be sampled.

Ir reg u lar sul phide stockworks, in frac tured cherty
tuffaceous argillite and fine volcaniclastic units (east zone
of New ell and Podolsky, 1971), have re turned grab sam ples 
with im pres sive 1 to 3% Cu val ues. Map ping and sam pling
in this area could not du pli cate the high-grade min er al iza -
tion reported.

Au rif er ous base-metal min er al iza tion on the G-south
prop erty oc cupy north and south west-trending struc tures
that lo cally host weakly min er al ized por phy ritic gran ite
apophyses of the Naver pluton and in fer a tem po ral and
pos si ble ge netic re la tion ship with mid-Cretaceous
plutonism.

Ahbau Lake Property

The Ahbau Lake prop erty com prises two ex plo ra tion
tar gets sit u ated ap prox i mately 2.5 km west and 3 km south
of the out flow of Ahbau Lake. The claims strad dle the
bound ary be tween micaceous quartz ite, phyllite and schist
of the Snow shoe Group and black pelite of the east ern
Nicola Group (Tip per, 1960; Struik et al., 1990) and cover
25 anom a lous val ues of Au (>20 ppb) in silt and pan con -
cen trate sam ples ob tained in a re gional geo chem i cal sur vey 
ca. 1980. Fol low-up work by Leishman (1986, 1987) re -
sulted in the rec og ni tion of a small (1 by 0.5 km) ultra mafic
body of Crooked am phi bo lite in the north ern grid area that
R. Wells stud ied petro graphi cally and de scribed as
serpentinized pyroxenite. Dark, fine-grained Harveys
Ridge rocks crop out east of the ser pen tin ite and in clude
cal car e ous, quartz, mus co vite schist and micaceous
(biotite+muscovite) marble.

A 2006 soil sam pling pro gram was un der taken to as -
sess the con ti nu ity of pre vi ously de ter mined Au anom a lies

and to test for anom a lous soil geo chem i cal sig na tures in
other met als. A to tal of 2834 sam ples were col lected and
an a lyzed by ICP-MS for 24 el e ments. The re sults for the
south ern grid were geochemically flat, but the north grid
area shows a strong geo chem i cal re spon sive ness with two
dis tinc tive multi-el e ment anom a lous ar eas (Tempelman-
Kluit, 2007). In ad di tion, each geo chem i cal anom a lous
zone cor re sponds to a dis tinc tive tar get gen er ated from the
2005 air borne multiparameter sur vey, a U tar get and a to tal
field mag netic high. Anom a lous Au val ues in the north grid
clus ter lo cally, de fin ing ar eas of pros pect ing in ter est but
with no consistent trend or spatial relationship to other
elements.

The air borne mag netic high trends north west (Fig 11a)
and shows a di rect spa tial re la tion ship to out crops of
serpentinized pyroxenite and a strong multi-el e ment soil
geo chem i cal re sponse for Ni, Co, Cr and Mg. The U air -
borne tar get is a tab u lar 1 km2 zone within fine-grained,
dark-col oured Harveys Ridge phyllite and micaceous
quartz ite in the footwall to the Eu reka thrust. Co in ci dent
with the U tar get is a large, north west-trending (1 km by
0.5 km) multi-el e ment soil geo chem is try anom aly de fined
by Zn but also in cludes Cu, Cd, Pb, Ag, Ba and P. Cop per-
zinc and low Pb con tent is typ i cal of Besshi de pos its to -
gether with anom a lous con cen tra tions of a num ber of met -
als, including Co, Mo, Bi, As and Ni (Slack, 1993).

CONCLUSIONS

The Cot ton wood map area is un der lain by Pro tero zoic
to Pa leo zoic siliciclastic rocks of the Kootenay Terrane,
Late Pa leo zoic mafic schist of the Slide Moun tain Terrane
and Mid dle Tri as sic to Early Ju ras sic sed i men tary, vol ca nic 
and plutonic rocks of the Quesnel Terrane. Mid dle Ju ras sic
and mid-Cre ta ceous post-accretionary gra nitic stocks in -
trude this part of the Quesnel Terrane. Iso lated Mio cene
sed i men tary rocks are pre served be neath a thick Qua ter -
nary cover of glaciofluvial, lac us trine and lodgment till
deposits.

The Nicola Group in the Cot ton wood map area in -
cludes four main sub di vi sions: a Mid dle to Late Tri as sic
east ern black pelite suc ces sion com pris ing dark phyllite,
siltite and slate; a Late Tri as sic east ern vol ca nic pack age of
pyroxene-phyric flow brec cia and tuff that struc tur ally
over lies the black pelite; a cen tral belt of siltstone, cherty
argillite, lime stone and volcaniclastic sand stone of the Cot -
ton wood River  suc ces s ion; and a  pyroxene-rich
volcaniclastic suc ces sion char ac ter ized by polylithic vol -
ca nic con glom er ate con tain ing sed i men tary, plutonic and
vol ca nic clasts that over lies the Cot ton wood River suc ces -
sion in ap par ent depositional con tact. The Cot ton wood
River suc ces sion and con form ably over ly ing west ern
volcaniclastic suc ces sion are Late Tri as sic or older be cause 
the up per part of the suc ces sion is cut by monzonite of the
Late Triassic Mouse Mountain stock.

Small iso lated ex po sures of Early Ju ras sic sed i men -
tary and vol ca nic rocks have been rec og nized through fos -
sil and ra dio met ric dat ing tech niques, respectively.

In tru sive rocks in the map area in clude the Late Tri as -
sic (ca. 205 Ma) Mount Polley, Early Ju ras sic (ca. 187 Ma)
Po laris and mid-Cre ta ceous (ca. 110 Ma) Naver in tru sive
suites.

Cop per-gold min er al iza tion at Mouse Moun tain prob -
a bly formed from late-stage flu ids as so ci ated with the Late
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Tri as sic (ca. 207 Ma) Mouse Moun tain monzonite. The au -
rif er ous base-metal-min er al ized brit tle shear zones, cut ting 
mid-Cre ta ceous hornfelsed vol ca nic and volcaniclastic
rocks of the Nicola Group at the G-South prop erty, prob a -
bly formed from flu ids re lated to the quartz por phy ritic
gran ite apophyses of the Naver pluton. Base-metal soil
geo chem i cal anom a lies re ported from the Ahbau Lake
prop erty are con sis tent with a Besshi-type of volcanogenic
mas sive sul phide min er al iza tion, but fur ther work is re -
quired to test this hy poth e sis. The Early Ju ras sic (?) mafic-
ultra mafic in tru sive com plexes that in trude the Cot ton -
wood River suc ces sion do not ap pear to have anomalous
associated Au or Cu sulphide mineralization.
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Boundary Project: McKinney Creek (NTS 82E/03) and
Beaverdell (NTS 82E/06E, 07W, 10W, 11W) Areas,

South-Central British Columbia

by N.W.D. Massey and A. Duffy

KEYWORDS: Quesnellia, Pa leo zoic, Knob Hill Com plex,
An ar chist schist, Wallace For ma tion, McKinney Creek,
Beaverdell

INTRODUCTION

The Bound ary Pro ject was ini ti ated in 2005 with the
pur pose of better char ac ter iz ing the lithological and geo -
chem i cal vari a tions within and be tween the var i ous Pa leo -
zoic se quences in the south ern Okanagan re gion along the
United States bor der. These oc cur within the Quesnel
Terrane, which is dom i nated by such Pa leo zoic mafic vol -
ca nic and pelitic sed i men tary rocks, un con form ably over -
lain by Tri as sic and Ju ras sic vol ca nic and sed i men tary
rocks. In the Bound ary dis trict, these are ex posed be tween
down-faulted blocks of Ter tiary vol ca nic and sed i men tary
cover rocks pre served in structural keels between gneissic
domes (Fig 1).

The in di vid ual Pa leo zoic se quences of the Bound ary
dis trict have had a va ri ety of names de pend ing upon their
lo ca tion and ap pear to form three north-south belts. They
are called the Knob Hill Com plex and Att wood For ma tion
in the Green wood area; the An ar chist schist (or Group) in
the Osoyoos – Rock Creek and Beaverdell ar eas; and the
Kobau Group in the area be tween Ol i ver and Keremeos.
The terms Kobau and An ar chist have also been used in
Wash ing ton, though not al ways for di rectly correlatable
rock packages.

The Pa leo zoic rocks of the Green wood – Rock Creek
area are pre served in a se ries of north-dip ping thrust sheets
(Lit tle, 1983; Fyles, 1990). Many of the bound ing thrusts
are marked by ser pen tin ite lay ers or pods. Ter tiary
extensional fault ing has dis rupted and mod i fied the thrust
sheets and makes cor re la tion dif fi cult be tween the Green -
wood and Rock Creek ar eas. How ever, mafic vol ca nic
flows and chert in the John stone Creek area are con tig u ous
with sim i lar out crops of the Knob Hill Com plex on the east
side of the Ket tle River val ley (Fyles, 1990; Massey,
2007a). Massey (2007b) thus pro posed to ex tend the Knob
Hill Com plex des ig na tion to these rocks. The term An ar -
c h i s t  s c h i s t  w a s  r e  t a i n e d  f o r  t h e  s e  q u e n c e  o f
metasedimentary and metabasaltic rocks south of High way
3, be tween Osoyoos and Rock Creek. It was also pro posed
to ap ply the An ar chist schist des ig na tion to sim i lar rocks in

the Green wood area, which Fyles (1990) had included in
the Knob Hill Complex.

Fol low ing these re vi sions in no men cla ture of the Pa -
leo zoic rocks of the Green wood – Rock Creek area, the re -
gional map now ap pears to show an east-west pat tern, in
keep ing with pre-Ter tiary struc tural grain, rather than the
pre vi ous north-south pat tern. Con tin u ing this pat tern fur -
ther to the west led Massey (2007b, Fig 15) to sug gest that
the McKinney Creek area may be un der lain by rocks of the
Knob Hill Com plex. Scat tered ser pen tin ite oc cur rences
just south of the McKinney Creek pluton could pos si bly
mark the bound ing thrust, now in truded and hid den by the
pluton. Map ping in the McKinney Creek area was designed 
to test this hypothesis.

The re la tion ship of the Pa leo zoic rocks east of
Beaverdell to the se quences in the south is un cer tain due to
ex ten sive Me so zoic and Ter tiary in tru sive bod ies. Map ping 
in this area was fo cused on better doc u ment ing these rocks
and their pos si ble re la tion ships and correlations.

MCKINNEY CREEK AREA

Previous Work

The McKinney Creek area has a min ing his tory dat ing
from the dis cov ery of vein gold de pos its at Camp
McKinney in 1887. The first geo log i cal re port, by
Bauerman (1885), was done as part of the Bound ary Com -
mis sion Ex pe di tion of 1859–1861. Re gional map ping has
been un der taken by Cairnes (1940), Lit tle (1957, 1961),
and Tempelman-Kluit (1989a, b). De tailed in ves ti ga tions
of the lode gold min er al iza tion at Camp McKinney were
un der taken by Cockfield (1935), Cairnes (1937) and Hed -
ley (1940). Much of the south ern, lower ly ing parts of the
area are cov ered by ex ten sive glaciofluvial and moraine
deposits (Kowall, 1986c).

Pre-Jurassic Rocks

The sug gested ex ten sion of the Knob Hill Com plex
into the McKinney Creek area proved to be un founded. Al -
though out crop is lim ited in many ar eas due to ex ten sive
Qua ter nary cover, all ob served out crops of Pa leo zoic rocks
be long to the An ar chist schist (Fig 2). The age of the An ar -
chist schist is still poorly de ter mined, as no paleontological
or geo chron ol ogi cal data are avail able. Ru bid ium-stron -
tium geo chron ol ogy in the Osoyoos area only re cords Ter -
tiary meta mor phic ages (Ryan, 1973). In the McKinney
map area, the rocks of the An ar chist schist are in truded by
plutons and smaller bodies of Jurassic and Eocene age.
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Fig ure 1. Dis tri bu tion of Pa leo zoic Quesnellian rock suites in the bound ary dis trict (south-cen tral part of NTS 82E), amended from Massey et al. (2005). Boxes out line the ar eas stud ied in
2005 (Green wood), 2006 (Rock Creek) and 2007 (a, McKinney Creek; b, Beaverdell).
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Fig ure 2. Geo log i cal sketch map of the McKinney Creek area. Ex tent of col oured poly gons shows the limit of area mapped in
2007. Ab bre vi a tion: WE, War Ea gle (Dayton Prop erty). Leg end: PAv, meta vol can ic unit of An ar chist schist;
Pas, metasedimentary unit of An ar chist schist; Jd, diorite-gab bro in tru sions; Jum, pyroxenite and ser pen tin ite in tru sions;
Jgd, granodiorite in tru sions (Nel son suite); Ec, K-feld spar megacrystic gran ite (Coryell suite); EPk, Ket tle Val ley For ma tion;
EPm, Mar ron For ma tion; Epi, mi nor por phyry in tru sions con san guin e ous with Mar ron For ma tion.



ANARCHIST SCHIST

The An ar chist schist can be sub di vided into a
metasedimentary unit and a meta vol can ic unit, de lin eated
on the dom i nant rock types within them. The strati graphic
re la tion ship be tween the units is un cer tain. De for ma tion of
the schist in volves at least two phases of de for ma tion.
Schistosity gen er ally trends south east with me dium to
steep south west erly dips in the north ern part of the map
area, and steep north east erly dips in the south. The Camp
McKinney area is also marked by north east erly trending
schistosities with mod er ate south east erly dips. Sec ond ary
spaced cleav ages in quartz ite and crenulation cleav age in
quartz ite (Fig 3a) and meta-argillite also trend north to
north east. Small-scale folds of foliations gen er ally tend to
plunge south west with shal low dips. The gen eral map pat -
tern of the metasedimentary and meta vol can ic units seems
to de fine a ma jor north west erly trending fold (Fig 2). How -
ever, the lack of con clu sive way-up struc tures and strati -
graphic re la tion ship precludes determining if the fold is
antiformal or synformal.

Metasedimentary unit

The metasedimentary unit is dom i nated by quartz ite,
ar gil la ceous quartz ite, and meta-argillite with mi nor
metabasalt and lime stone. Quartz ite is metachert that is
vari ably recrystallized with a fine to me dium-grained sug -
ary tex ture (Fig 3b), and typ i cally has a white to pale grey or 
darker blu ish grey col our. Beds are usu ally 1 to 2 m thick
(Fig 3c) but can vary up to 10 m, and may show a knobby or
ir reg u lar weath ered sur face. They may be mas sive or show
dark and light lami na tions and band ing (Fig 3d). Rib bon
bed ding is rarely preserved.

Phyllitic to schis tose ar gil la ceous metasedimentary
rocks are darker, with fine-grained black chlorite or bi o tite
schist lay ers interlayered with lighter quartz-rich lay ers.
Epidote laminae and bands sug gest fine-grained tuffaceous 
interbeds. The schistosity is com monly crenulated and con -
torted (Fig 4a). Quartz vein ing may also be con torted, dis -
rupted and augened. Some thicker, less si li ceous meta-
argillite beds are car bo na ceous. Mi nor lime stone beds vary
from one to two centi metres (Fig 4b) up to 10 m thick
(Fig 4c). They are white to grey in col our, fine to me dium
grained and recrystallized.
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Fig ure 3. Quartz ite of the An ar chist schist: a) crenulation cleav age (s2) de vel oped in a fo li ated quartz ite (s1 par al lel to s0) (07NMA07-17;
UTM Zone 11, 5443051N, 338954E, NAD83); b) recrystallized quartz ite (07NMA11-12; UTM Zone 11, 5442153N, 339187E, NAD83);
c) quartz ite beds with meta-argillite (chlorite-quartz schist) interbeds (07NMA02-14; UTM Zone 11, 5444292N, 344895E, NAD83); d) lam i -
nated quartz ite (07NMA01-10; UTM Zone 11, 5450727N, 337896E, NAD83).



Meta vol can ic unit

The meta vol can ic unit com prises greenstone flows
with mi nor brec cia ,tuff and metasedimentary rocks.
Greenstone flows are mas sive and me dium to dark grey or
black in col our. They are fine grained and gen er ally
aphyric, though rare feld spar and pyroxene crys tals are
seen. Chlorite±epidote al ter ation is com mon, along with
vein ing of quartz±chlorite±cal cite. Chlorite and brown to
black ox ides are pres ent on frac tures. Tuffaceous interbeds
are al tered to green quartz–chlorite±seri cite schist with
epidote pods and laminae (Fig 4d).

Jurassic Intrusions

In tru sive rocks rim the McKinney Creek area on its
north, west and south sides (Fig 2). These com prise two
ma jor bod ies — the McKinney Creek and Mount Baldy
granodiorites — as well as an un named suite of ultra mafic
and mafic in tru sions. The granodiorites have been cor re -
lated with the mid-Ju ras sic Nel son In tru sions and the Jura-
Cre ta ceous Okanagan batholith, re spec tively (Lit tle, 1961;
Tempelman-Kluit, 1989a, b), though geo chron ol ogi cal

data are lack ing. The mafic rocks may be an older phase of
the Nel son In tru sions and are in truded by granodiorite and
in cluded as xenoliths in granodiorite.

Diorite-gab bro

A belt of diorite oc curs along the north east ern edge of
the map area, in trud ing the An ar chist schist (Fig 2). Me -
dium to coarse-grained diorite to gab bro is black to grey,
weath er ing dark green ish grey. It com prises vary ing quan -
ti ties of equigranular green ish black hornblende and white
feld spar and oc ca sional mi nor quartz (Fig 5a). Shear zones
are com mon, ac com pa nied by flat ten ing and stretch ing of
min er als (Fig 5b), white veinlets of feld spar and quartz, and 
chloritization. Peg ma titic diorite veins are also found
(Fig 5c). The belt is a com pos ite body with fine-grained
chilled con tacts be tween dif fer ent diorite phases (Fig 5d).
These fine grained chilled con tacts can be dif fi cult to dis -
tin guish from basaltic dikes in small outcrops.

Ultra mafic in tru sions

Sig nif i cantly, there are sev eral ultra mafic in tru sions
spa tially as so ci ated with the belt of diorite, and pre sum ably
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Fig ure 4. Less si li ceous rocks of the An ar chist schist: a) chlorite-quartz schist (meta-argillite), pen cil along axis of mi nor s-fold ing of fo li a tion 
(07NMA05-12; UTM Zone 11, 5446337N, 341735E, NAD83); b) cal car e ous band within chlorite-quartz schist (07NMA05-12; UTM Zone
11, 5446337N, 341735E, NAD83); c) lam i nated mar ble (07NMA06-06; UTM Zone 11, 5448311N, 341637E, NAD83); d) quartz-chlorite
schist with epidote pods (metatuff) (07NMA04-06; UTM Zone 11, 5447546N, 342904E, NAD83).



ge net i cally re lated. These are pyroxenite, feldspathic
pyroxenite and melanogabbro with grain sizes up to two to
three centi metres. They are black to green ish black or grey
and com monly weather or ange-brown with a knob bly, un -
even sur face (Fig 6a). They are par tially to com pletely al -
tered to ser pen tin ite and, in one case, to talc and soap stone.
Ser pen tin ite is vari ably fo li ated. Black seams of mag ne tite
(Fig 6b) and chro mite up to sev eral centi metres oc cur in
some bod ies and have re ceived some at ten tion in the past
for their Cr and Ni potential.

This belt of diorite and ultra mafic rocks is prob a bly
cor re la tive with diorite seen on the Dayton prop erty and
may form the west ern ex ten sion of the belt that hosts the
Old Nick de posit just east of Bridesville. It may also be con -
tem po ra ne ous with Ju ras sic ultra mafic in tru sions in the
Green wood area, e.g., on the Sappho prop erty (Nixon,
2002).

Granodiorites

The McKinney Creek granodiorite is com posed of two
dis tinct phases — an early bi o tite granodiorite and a later
por phy ritic granodiorite. The bi o tite granodiorite is coarse

grained, up to 4 mm, and white to grey (Fig 7a). It is
equigranular with typ i cal salt and pep per tex ture made up
of white feld spar, trans lu cent quartz and black bi o tite
plates. Bi o tite also forms clots up to 1 cm in size. Col our in -
dex av er ages 25. Small rounded am phi bo lite xe no liths are
com mon (Fig 7b). Chlorite is of ten de vel oped on fractures
and joints.

The por phy ritic granodiorite con tains large white feld -
spar pheno crysts up to 2 cm in size (Fig 7c). The pheno -
crysts are euhedral laths or square in shape and show good
twinning. The pheno crysts, which vary in amount from a
few to 25%, are set in a coarse grained groundmass of white 
tab u lar feld spar, ir reg u lar trans lu cent quartz and platy bi o -
tite. Bi o tite is less abun dant than in the bi o tite granodiorite.
Mafic xe no liths were ob served but are not com mon. The
por phy ritic granodiorite in trudes the bi o tite granodiorite
with good chilled con tacts (Fig 7d). Peg ma tite and aplite
veins cross cut both granodiorite phases.

A smaller stock of granodiorite also crops out north -
west of Fish Lake. It is me dium to coarse grained, mas sive,
pale grey to white, and gen er ally equigranular, with
euhedral white feld spar, rounded to ir reg u lar grey trans lu -
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Fig ure 5. Ju ras sic diorite: a) typ i cal coarse grained diorite (07NMA05-15; UTM Zone 11, 5447025N, 342198E, NAD83); b) shear ing in
diorite (07NMA01-03; UTM Zone 11, 545042N, 337675E, NAD83); c) hornblende-feld spar peg ma titic veins cross cut ting diorite
(07NMA05-15; UTM Zone 11, 5447025N, 342198E, NAD83); d) fine-grained chilled con tact be tween two diorite phases, white line is em -
pha siz ing part of the con tact (07NMA04-13; UTM Zone 11, 5446751N, 342696E, NAD83).



cent quartz, acicular green ish black hornblende and flakes
of bi o tite. The col our in dex var ies from 5 to 15. This
granodiorite con tains xe no liths of diorite and am phi bo lite.
A sim i lar body is found on the south ern part of the Dayton
prop erty, though it tends to be finer grained and has a higher 
mafic con tent (col our in di ces rang ing up to 25).
Hornblende may oc cur as phenocrysts up to 1 cm in size.

The Mount Baldy granodiorite is me dium to coarse
grained, rang ing from 2 to 5 mm, show ing an equigranular,
phaneritic tex ture. It is light grey to dark grey. It com prises
euhedral white feld spar, ir reg u lar grey quartz and black
tab u lar bi o tite. There is some chlorite al ter ation within the
rock. The granodiorite is cross cut by feld spar por phyry
dikes, as sumed to be Ter tiary in age. Iso tro pic, lath-shaped
hornblende may be de vel oped in the granodiorite around
some porphyry dikes.

Tertiary Intrusions

The north east ern mar gin of the map area is marked by a 
white to pink ish po tas sium feld spar megacrystic gran ite in -
tru sion typ i cal of the Coryell Suite. Euhedral, lath to

square-shaped pheno crysts of pink K-feld spar are com -
monly 3 to 4 cm in size, though they range up to 8 cm. They
are set in a coarse-grained groundmass of white and pink
subhedral feld spar and polycrystalline quartz eyes up to
1 cm in size. Bi o tite is com monly less than 5%.

Pyroxene-feld spar por phyry, feld spar por phyry, and
hornblende-feld spar por phyry dikes in trude all older rocks
through out the map area. These prob a bly were feed ers to
the vol ca nic rocks of the Eocene Mar ron Formation.

BEAVERDELL AREA

Previous Work

The first and still only de tailed re gional map of the
Beaverdell area is that of Reinecke (1915). He as signed the
old est strat i fied rocks to the Wallace group and cor re lated
them, in part, with other Pa leo zoic se quences to the south,
in clud ing the An ar chist schist and the Att wood ‘Se ries’.
Lit tle (1957, 1961) and Tempelman-Kluit (1989a, b) ex -
tended this work to the east and west, in clud ing the older
rocks in the “An ar chist Group”. De tailed work on the min -
eral de pos its of the area, in clud ing the sil ver-lead-zinc
veins of the Beaverdell camp and the gold veins of the
Carmi camp, has been re ported by White (1949), Kidd and
Perry (1957), Chris to pher (1975a, b; 1976), Peatfield
(1978), Wat son et al. (1982), Godwin et al. (1986) and
Church (1995). Mathews (1988) re ported on the Neo gene
vol ca nic rocks of the area while Kowall (1986a, b) mapped
the Quaternary deposits.

Pre-Jurassic Rocks

The pre-Ju ras sic rocks of the Beaverdell area (Fig 8)
dif fer sig nif i cantly from the type An ar chist schist to the
south. They are dom i nated by fine to me dium-grained
clast ic  sed i  men tary rocks which  are es  sen t ia l ly
unmetamorphosed, though they do show ex ten sive
hornfelsing from Ju ras sic plutons. Lime stone and
greenstone mem bers oc cur in the Crouse Creek area, and
are the low est ex posed units. Sig nif i cantly, no chert is de -
vel oped in the se quence. Ex cept for one small area, to the
west of Crouse Creek, no pen e tra tive deformation was
observed.

Con tin u ing cor re la tion of these rocks with the An ar -
chist schist seems to be ill ad vised. It is pro posed here to re -
vert to Reinecke’s orig i nal term — “Wallace” — for these
rocks, though at the for ma tion rather than group level. It
should, how ever, be noted that not all of the area orig i nally
mapped as Wallace by Reinecke (1915) is ac tu ally un der -
lain by pre-Ju ras sic rocks. There is a sig nif i cant amount of
youn ger in tru sive ma te rial. In par tic u lar, a lot of the so-
called pyroxene-phyric ‘volcanics’ in Reinecke’s Wallace
prove to be por phyry dikes of Ter tiary age and, in one area
east of Col lier Lake, flows of the Eocene Marron
Formation.

No geo chron ol ogi cal or paleontological data are pres -
ently avail able for the Wallace for ma tion rocks, though
lime stone sam ples have been col lected for po ten tial cono -
dont de ter mi na tions. Cor re la tion of the Wallace is thus dif -
fi cult. It is lithologically dis sim i lar to any of the Pa leo zoic
se quences to the south. It does, how ever, show some sim i -
lar i ties to parts of the Mid dle Tri as sic Brook lyn For ma tion
of the Green wood area or the Frank lin Camp, though lack -
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Fig ure 6. Ju ras sic ultra mafic rocks: a) typ i cal or ange-brown out -
crop of serpentinized pyroxenite (07NMA01-11; UTM Zone 11,
5450754N, 337817E, NAD83); b) mag ne tite seam in pyroxenite
(07NMA01-14; UTM Zone 11, 5450311N, 338058E, NAD83).



ing the dis tinc tive basal sharpstone conglomerate, perhaps
due to non-exposure.

WALLACE FORMATION

Larse Creek lime stone mem ber

A sig nif i cant lime stone unit oc curs in the Larse Creek
area, form ing the low est ex posed unit in the Wallace for ma -
tion. Con tact with the over ly ing greenstone mem ber is not
ex posed, but the lime stone is es ti mated to be at least 100 m
thick. It is grey on weath ered sur faces, vary ing from black
to grey to white on fresh sur faces. It is mas sive to well bed -
ded and lam i nated (Fig 9a, b). Thin si li ceous and mi nor
calcsilicate veins weather pos i tively. Macrofossils appear
to be absent.

Fine to me dium grained, grey to light blue mar ble oc -
curs in the Trap ping Creek area as xe no liths and pen dants in 
the Ju ras sic granodiorite. These may be de rived from the
Larse Creek lime stone mem ber. How ever, their iso lated po -
si tion and meta mor phism pre clude cer tainty in correlation.

Crouse Creek greenstone mem ber

A greenstone unit over lies the lime stone mem ber in the 
Crouse Creek area. This com prises mostly mas sive mafic
flows, though amygdules are oc ca sion ally seen. The flows
are me dium to dark green-grey, blu ish green or black. They
may show bright green epidosite patches up to 30 cm across 
(Fig 10a) and veins of quartz-chlorite±epidote±cal cite.
Many flows are fine grained and aphyric, but feld spar-
phyric and pyroxene-feld spar-phyric flows are also com -
mon. Pheno crysts are ap prox i mately 1 to 2 mm in size. Vol -
ca nic brec cia, lapilli tuff, pyroxene lapilli tuff and chloritic
metatuff (Fig 10b, c, d) are also found interbedded in the
flows, as is lam i nated lime stone. Some vol ca nic brec cias
also con tain lime stone and clastic sedimentary rock clasts.

Clastic sed i men tary rocks

Most of the ex posed Wallace for ma tion is typ i cally
interbedded and lam i nated siltstone-argillite (Fig 11a).
Siltstone beds are light col oured, buff to pale grey, while
argillite beds are dark grey. Weath ered sur faces may be bro -
ken with a coat ing of rusty ox ides. In di vid ual beds can
range up to 3 cm thick with lami na tions about 1 to 2 mm
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Fig ure 7. McKinney Creek granodiorite: a) typ i cal bi o tite granodiorite (07NMA14-17; UTM Zone 11, 5437528N, 338967E, NAD83);
b) rounded feld spar-am phi bo lite xe no lith in bi o tite granodiorite 907NMA14-04; UTM Zone 11, 5437967N, 337557E, NAD83); c) por phy ritic
granodiorite phase, note sun glint ing on feld spar twin plane in up per right (07NMA14-17; UTM Zone 11, 5437528N, 338967E, NAD83);
d) chilled con tact of por phy ritic granodiorite against bi o tite granodiorite (07NMA14-17; UTM Zone 11, 5437528N, 338967E, NAD83).
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Fig ure 8. Geo log i cal sketch map of the area east of Beaverdell. Ex tent of col oured poly gons shows the limit of area mapped in
2007. Ab bre vi a tions: CB, China Butte; GP, Goat Peak; KSM, King Sol o mon Moun tain. Leg end: Pw, Wallace for ma tion;
Pwl, Larse Creek lime stone mem ber of the Wallace for ma tion; Pwv, Crouse Creek greenstone mem ber of the Wallace for ma tion;
Jgd, granodiorite in tru sions (Westkettle batholith, Nel son suite); Jd, diorite-quartz diorite in tru sions (?Westkettle batholith, Nel -
son suite); Ec, K-feld spar megacrystic gran ite (Coryell suite); EPk, Ket tle Val ley For ma tion; EPm, Mar ron For ma tion; Pk, Kallis
For ma tion.



thick. The sed i men tary units are of ten si li ceous or
porcelaneous and may be recrystallized due to hornfelsing
by Jurassic intrusions.

Coarser clastic beds are also found, though less com -
mon than the siltstone-argillite interbeds. Sand stone beds
are grey, me dium to coarse grained and gen er ally mas sive.
Hornfelsed sand stone is recrystallized to feld spar-quartz-
am phi bole as sem blages that can be dif fi cult to dis crim i nate
from microdiorite or microgranodiorite in the field. Con -
glom er ate and peb bly sand stone have ma trix-sup ported,
rounded to subangular clasts (Fig 11b). The clasts are dom i -
nantly of si li ceous siltstone and argillite, but also can in -
clude lime stone, usu ally larger. All clasts ap pear to be
intraformational and no ex otic rock types have been
observed.

Oc ca sional white, tan or grey lime stone interbeds vary
from sev eral centi metres up to five metres thick (Fig 11c).
The lime stone interbeds are mas sive and may be sparry or
recrystallized due to hornfelsing, or may be vari ably si lici -
fied and skarned (Fig 11d).

Post-Triassic intrusions

In tru sive rocks en ve lope the Wallace for ma tion in the
Beaverdell area (Fig 8). These com prise sev eral ma jor
granodiorite plutons and stocks in the west ern and cen tral
parts of the map area, des ig nated the Westkettle batholith
(Reinecke 1915) and prob a bly cor re la tive with the mid-Ju -
ras sic Nel son In tru sions (Lit tle, 1961; Tempelman-Kluit,
1989a, b). Tempelman-Kluit (1989a, b) has also as cribed
some of the granodiorite bod ies to the north of the area as
be ing part of the Jura-Cre ta ceous Okanagan batholith. No

geo chron ol ogi cal data are avail able for these rocks in the
area.

Megacrystic gran ite of the Coryell suite forms two in -
tru sions in the east and south of the map area, as well as the
small Beaverdell stock. Ter tiary-age por phyry dikes
abound through the area, in trud ing all older rocks. The
Beaverdell stock has yielded a bi o tite K-Ar date of
58.8 ±2.0 Ma (Godwin et al., 1986). Cross cut ting dikes
have been dated at 50.6 ±1.5 Ma and 61.9 ±2.2 Ma by
whole-rock K-Ar meth ods by Wat son et al. (1982). The lat -
ter also re port bi o tite K-Ar dates for the Eu gene Creek and
Tuzo Creek stocks, west of Beaverdell, of 54.5 ±1.9 Ma and 
49.5 ±2 Ma, re spec tively. A bi o tite K-Ar age of 49.4 ±0.7 
Ma has also been ob tained from the megacrystic gran ite of
the Margranite quarry, south of Beaverdell (Church, 1995).

JURASSIC

The Westkettle batholith is com posed of granodiorite,
quartz diorite and microgranodiorite with mi nor aplite and
peg ma tite. The granodiorite is white to light grey, me dium
to coarse grained equigranular with a typ i cal salt-and-pep -
per tex ture (Fig 12a). Weath ered sur faces are white to grey
but can be green ish or slightly pink. The rock com prises
white subhedral feld spar, trans lu cent ir reg u lar quartz,
green ish black tab u lar hornblende and black bi o tite flakes.
Pink feld spar is mi nor. Quartz con tents vary from about 5 to 
20%, or may be ab sent in dioritic phases. Col our in dex is
about 10 to 15, but may range up to 25 in diorite and quartz
diorite. Chlorite and epidote oc cur in veins; chlorite and
iron ox ides, on frac ture sur faces. Xe no liths of am phi bo lite
and microdiorite are occasionally seen.

Bod ies of diorite, quartz diorite, microdiorite and
microgranodiorite in trude the sed i men tary rocks of the
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Fig ure 9. Larse Creek lime stone mem ber of the Wallace For ma tion: a) bed ded lime stone (07NMA21-13; UTM Zone 11, 5482534N,
358653E, NAD83); b) close up of lami na tions in lime stone (07NMA22-04; UTM Zone 11, 5481427N, 357652E, NAD83).



Wallace for ma tion to the east of Crouse creek. These tend
to be me dium to coarse-grained, equigranular rocks com -
posed of white feld spar, green-black hornblende and vari -
able amounts of quartz. One dis tinc tive unit, termed the
“hornblende crowded feld spar diorite” by Grieg and Flasha 
(2005), un der lies much of the GK Prop erty. This is char ac -
ter ized by abun dant, subrounded to subhedral, lath-shaped, 
white feld spar crys tals in a finer grained black groundmass
of acicular hornblende and feld spar (Fig 12b). Tab u lar
hornblende pheno crysts may also be de vel oped. Quartz is
rare or ab sent. The diorite is vari ably min er al ized with up to 
5% dis sem i nated pyrrhotite, lesser py rite and rare ar seno -
py rite (Greig and Flasha, 2005). The re la tion ship of the
dioritic rocks to the Westkettle granodiorite is pres ently un -
known, though they are suspected to be correlative.

Fo li ated granodiorite oc curs in the China Creek area in
the north ern part of the map area. This granodiorite com -
prises vary ing amounts of rounded sug ary quartz, euhedral
white feld spar, bi o tite and iso tro pic, lath-shaped
hornblende. Mi nor py rite can also be seen in hand sam ple.
The grain size var ies from fine to me dium grained. Fo li a -
tion is marked by dark and light col our band ing due to vary -

ing min eral pro por tions and align ment of bi o tite plates.
Foliations show an av er age trend of 134°/73° but are not
con tin u ous through out the area. Tempelman-Kluit (1989a,
b) as signed the fo li ated granodiorite to the Jura-Cre ta ceous
Okanagan batholith. How ever, the fo li ated granodiorite is
never seen in con tact with the mas sive Westkettle
granodiorite and relative age relations are unknown.

EOCENE

Megacrystic K-feld spar gran ite and quartz monzonite
form three in tru sions in the area — the Crys tal Moun tain,
Col lier Lake and Beaverdell stocks. Typ i cal of Coryell in -
tru sions, they have euhedral, lath to square-shaped pheno -
crysts of pink K-feld spar that are com monly 3 to 4 cm in
size, though they range up to 8 cm (Fig 12c). They are set in
a coarse-grained groundmass of white and pink subhedral
feld spar and quartz. Quartz oc curs as polycrystalline quartz 
eyes up to 1 cm in size or as ir reg u lar patches in ter sti tial to
the groundmass feld spars. Bi o tite is usu ally mi nor, vary ing
from 5 to 10%. The Col lier Lake stock dif fers to the other
stocks in hav ing lower quartz con tents, less than 5%, and a
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Fig ure 10. The Crouse Creek greenstone mem ber of the Wallace For ma tion. a) epidosite patch in mas sive greenstone (07NMA31-01; UTM 
Zone 11, 5479991N, 358567E, NAD83); b) pyroxene crys tal lapilli tuff (07NMA32-04; UTM Zone 11, 5479062N, 358777E, NAD83); c)
pyroxene-feld spar crys tal tuff (07NMA33-02; UTM Zone 11, 5479283N, 357806E, NAD83); d) pyroxene crys tal lapilli tuff with rhy o lite clasts
(07NMA32-04; UTM Zone 11, 5479062N, 358777E, NAD83).



me dium-grained por phy ritic microquartz monzonite chill
phase (Fig 12d).

Pyroxene-feld spar por phyry, feld spar por phyry,
hornblende-feld spar por phyry and K-feld spar megacrystic
por phyry dikes oc cur through out the map area. These are
off shoots from the Coryell in tru sions or feed ers to the vol -
ca nic rocks of the Eocene Mar ron For ma tion. Or ange to
brown weath er ing dikes of black ol iv ine ba salt and aphyric
ba salt oc cur in the west ern part of the map area and are re -
lated to the Neo gene Kallis For ma tion pla teau basalts
(Mathews, 1988).

REGIONAL CORRELATION OF
PALEOZOIC SEQUENCES

The Pa leo zoic rocks of the Green wood area are pre -
served in a se ries of north ward-dip ping thrust sheets (Lit -
tle, 1983; Fyles, 1990) with many of the bound ing thrusts
be ing marked by ser pen tin ite lay ers or pods. De spite dis -
rup tion and mod i fi ca tion of the thrust sheets by Ter tiary
extensional fault ing, Massey (2007a) traced the Knob Hill
Com plex and An ar chist schist west ward from the Green -

wood area into the John stone Creek and Bridesville ar eas.
Map ping in 2007 has iden ti fied all the Pa leo zoic rocks of
the McKinney Creek area as be ing An ar chist schist and not
Knob Hill Com plex. Cor re la tion of the belt of Ju ras sic
diorite and ultra mafic rocks with sim i lar rocks un der ly ing
the Old Nick prop erty and east to Rock Creek sug gests
dextral mo tion of about 10 km on the Conkle Lake fault (in
ad di tion to east ward downdrop). Rocks of the Knob Hill
Com plex west of the Conkle Lake fault would thus have to
be dis placed north wards (Fig 13). How ever, this area is un -
der lain by Jura-Cre ta ceous in tru sions, apart from mi nor
out crop ar eas of greenstone and chert in the Ripperno
Creek area (Church, 1980), prob a bly the fur thest west rem -
nants of the Knob Hill Com plex. The An ar chist schist ex -
tends fur ther west wards be fore pass ing into the gra nitic
gneiss  of  the Okanagan ba tholi th  (Ryan,  1973;
Tempelman-Kluit, 1989a, b).

West of the Okanagan fault, the Kobau Group is
lithologically sim i lar to the An ar chist schist and also has a
com plex deformational his tory (Okulitch,1973; Mäder et
al., 1989). Its di rect cor re la tion with the An ar chist schist is
how ever un clear due to the in ter ven ing Okanagan Fault. To 
the south, in Wash ing ton State, the Kobau Group struc tur -
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Fig ure 11. Clastic sed i men tary rocks of the Wallace for ma tion. a) lam i nated argillite-siltstone over lain by fine-grained sand stone bed
(07NMA20-15; UTM Zone 11, 5479573N, 356006E, NAD83); b) peb bly sand stone (07NMA42-17; UTM Zone 11, 5476122N, 361189E,
NAD83); c) lime stone interbed in siltstone-argillite (07NMA21-06; UTM Zone 11, 5481228N, 356427E, NAD83); d) gar net skarn
(07NMA33-08; UTM Zone 11, 5478697N, 358233E, NAD83).



ally over lies the Palm ers Moun tain Greenstone. The
bound ing thrust is prob a bly marked by ser pen tin ite in the
Chopaka Moun tain area (Rinehart and Fox, 1972) but has
been poorly de fined else where in the Loomis map area.

The Palmer Moun tain Greenstone com prises mafic
flows and pyroclastic rocks with vari ably tex tured gab bro
(‘am phi bo lite’ of Rinehart and Fox, 1972) that can be cor -
re lated with the Knob Hill Com plex. These, in turn, struc -
tur ally over lie the An ar chist Group along the Chesaw
thrust (Cheney et al., 1994), though the ‘An ar chist Group’
of Rinehart and Fox (1972) in cludes much undeformed
sharpstone con glom er ate, lime stone and finer clastic sed i -
men tary rocks that are prob a bly Brook lyn Formation
equivalent.

If the sug gested cor re la tions and struc tural in ter pre ta -
tions are cor rect, the thrust model de vel oped in the Green -
wood area by Fyles (1990) is thus ap par ently trace able west 
to the Loomis and Ol i ver ar eas. Through out the Bound ary
dis trict, the ophiolitic Knob Hill Com plex is sandwiched
be tween more comp lexly de formed quartz ite-schist-
greenstone se quences — the An ar chist to the south and
Kobau to the north. In the Green wood area, the lat ter is rep -
re sented by the quartz ite and schist of the Eholt Creek val -

ley and Mount Roderick Dhu (Massey, 2006; see also
Fig 13). How ever, it is still un clear how the Kobau Group
and An ar chist schist cor re late with each other, or with the
Knob Hill Com plex. They may be the same pack age struc -
tur ally re peated or, per haps, rep re sent op po site sides of an
oce anic ba sin (the Knob Hill Com plex) that is now closed
and tele scoped. It is hoped that con tin u ing pet ro chem i cal
studies will help shed some light on this problem.
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Fig ure 12. In tru sions of the Beaverdell area. a) hornblende-bi o tite granodiorite of the Ju ras sic Westkettle batholith (07NMA28-20; UTM
Zone 11, 5484322N, 360440E, NAD83); b) hornblende crowded feld spar diorite (07NMA34-13; UTM Zone 11, 5474088N, 359662E,
NAD83); c) typ i cal K-feld spar megacrystic gran ite of the Eocene Coryell suite (07NMA45-09; UTM Zone 11, 5475024N, 355570E, NAD83);
d) pink quartz monzonite of the Eocene Coryell suite (07NMA28-17; UTM Zone 11, 5486026N, 360995E, NAD83).
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Fig ure 13. Main struc tural el e ments of the Bound ary dis trict, out lin ing the ma jor thrust sheets (num bered 1–6) con tain ing the Pa leo zoic and Me so zoic se quences (mod i fied from Fyles, 1990;
ge ol ogy mod i fied from Massey et al., 2005). Ab bre vi a tions: No 7 F, Num ber 7 fault; MWF, Mount Wright fault; NMWF, North Mount Wright fault; MAF, Mount Att wood fault; LCF, Lind Creek fault;
EMF, Ea gle Moun tain fault; TMF, Thim ble Moun tain fault; GRF, Granby River fault; CLF, Conkle Lake fault. Ju ras sic diorite and ultra mafic belt in the McKinney Creek area is shown di a gram -
mat i cally as a thick ma genta line. Ar rows in di cate rel a tive lat eral off sets along the Conkle Lake fault sys tem.
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Newly Discovered Volcanic-Hosted Massive Sulphide Potential within
Paleozoic Volcanic Rocks of the Stikine Assemblage, Terrace Area,

Northwestern British Columbia (NTS 103I/08)

by M. McKeown, J. Nelson and R. Friedman1

KEYWORDS: vol ca nic-hosted mas sive sul phide, Kuroko,
Stikine as sem blage, Mount Attree volcanics, Ter race,
propylitic, phyllic

INTRODUCTION

Min er al iza tion and al ter ation con sis tent with a dis tal,
Kuroko-type vol ca nic-hosted mas sive sul phide (VHMS)
sys tem were dis cov ered within a pack age of highly al tered,
Pa leo zoic vol ca nic rocks 23 km south east of Ter race, Brit -
ish Columbia (Fig 1).

The VHMS po ten tial of the area was in ves ti gated dur -
ing the 2007 field sea son in con junc tion with a re gional-
scale map ping pro ject (Fig 3; Nel son et al., 2008). The
2007 map ping pro ject cov ers NTS map 103I/08, ex pand ing 
on map ping car ried out in the Ter race area over the last two
years (Nel son et al., 2006 Nel son and Kennedy, 2007).

Key to this dis cov ery was the rec og ni tion of a group of
Palaeozoic, sub ma rine vol ca nic rocks, named the Mount
Attree volcanics, which had pre vi ously been mapped as
part of the Lower Ju ras sic Telkwa For ma tion (Woodsworth
et al., 1985). The Lower Telkwa vol ca nic rocks are not con -
sid ered pro spec tive for VHMS de pos its be cause they
formed in a subaerial, compressional en vi ron ment,
whereas the Pa leo zoic vol ca nic rocks formed in a sub ma -
rine set ting and an extensional tec tonic en vi ron ment fa -
vour able to VHMS for ma tion. Fur ther more, the Pa leo zoic
vol ca nic rocks are cor re la tive with the Stikine as sem blage
which is host to mul ti ple, significant VHMS deposits
within BC (Fig 2).

In or der to fully as sess the VHMS po ten tial of the pro -
spec tive area, known as the Ga zelle prop erty, 1:10 000
scale map ping de lim it ing al ter ation zones and min er al iza -
tion was con ducted, along with thin sec tion ex am i na tion,
geo chem i cal anal y sis and U-Pb dat ing. Re sults of sam ples
sent for whole-rock anal y sis are pend ing. The re sults of this 
in ves ti ga tion in di cate there is strong po ten tial for Kuroko-
type VHMS deposits in the area.

Min eral ex plo ra tion in the Ter race area has his tor i cally 
fo cused on cop per and gold vein, skarn and por phyry de -
pos its. The dis cov ery of Kuroko-type min er al iza tion

within the Pa leo zoic vol ca nic rocks is sig nif i cant as it
opens up a newly de fined ex po sure of the Stikine as sem -
blage to ex plo ra tion, in an area that was pre vi ously not con -
sid ered prospective for VHMS deposits.

Volcanic-Hosted Massive Sulphide
Deposits

Vol ca nic-hosted mas sive sul phide (VHMS) de pos its
are an im por tant source of cop per, zinc, lead and pre cious
met als in Can ada. A spe cific BC ex am ple is the cur rently-
pro duc ing Myra Falls mine on Van cou ver Is land. These de -
pos its are at trac tive ex plo ra tion tar gets since they are high-
grade, com monly con tain sig nif i cant amounts of pre cious
met als, and are polymetallic, which of fers pro tec tion
against fluctuating metal prices.

Vol ca nic-hosted mas sive sul phide de pos its form by fo -
cused dis charge of metal-rich hy dro ther mal flu ids on the
seafloor. This re sults in the for ma tion of sul phide lenses at,
or near, the seafloor, hosted in sub ma rine vol ca nic rocks
and deep basinal sed i men tary strata (Gal ley et al., 2007).
The de pos its vary con sid er ably in their metal con tents, al -
ter ation and min er al iza tion styles. There are, how ever, sev -
eral fea tures that char ac ter ize these de pos its: they gen er ally 
have con cor dant lenses of mas sive (>40%), polymetallic
sul phide min er als that stratigraphically over lie a cross cut -
ting dis cor dant zone of in tense al ter ation and min er al iza -
tion, of ten as stockwork vein ing.

Hoy (1991) pro vides a use ful sum mary of Kuroko-
type oc cur rences, which are the most com mon type of
VHMS oc cur rences in Brit ish Co lum bia. The polymetallic
lenses are rich in cop per, lead, zinc, sil ver and gold, and are
com monly com prised of mas sive py rite, sphalerite, ga lena
and chal co py rite. They are as so ci ated with bi modal, calc-
al ka line suites that typ i cally form dur ing a rift ing event dur -
ing con struc tive de vel op ment of an is land arc com plex.
The hostrocks are of ten fel sic vol ca nic rocks with well-de -
vel oped al ter ation zones be neath the sul phide lenses. The
stockwork zone and im me di ate de posit are char ac ter ized
by mag ne sium chlorite-seri cite al ter ation and lo cal sili ci fi -
ca tion. VHMS de pos its in BC are prin ci pally of Early Pa -
leo zoic, Devonian–Mississippian, Permian or Triassic ages 
(Massey, 1999).

VHMS Deposits within Stikinia

Stikinia, the larg est terrane of the Intermontane Belt,
(Fig 2) is com prised of is land arc vol ca nic, sed i men tary and 
plutonic rocks. Is land arc build ing be gan in Stikinia dur ing
the mid dle to late Pa leo zoic (Price and Mon ger, 2003). This 
fol lowed a shift from a pas sive an ces tral North Amer i can
mar gin to an extensional tec tonic en vi ron ment due to both
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the start of ac tive subduction dur ing the Late De vo nian (be -
tween 390 Ma and 360 Ma) and re treat of the arc away from
the west ern mar gin of the con ti nent (Price and Mon ger,
2003). Pa leo zoic arc and as so ci ated rocks, mainly ex posed
in north ern Stikinia, are re ferred to col lec tively as the
Stikine as sem blage. Youn ger over lap ping arc as sem blages
in clude the Tri as sic Takla Group and Ju ras sic Hazelton
Group. Stikinia is host to VHMS de pos its of mid-Pa leo -
zoic, Tri as sic and mid-Ju ras sic age (Hoy, 1991). The most
sig nif i cant VHMS de pos its in clude the Pa leo zoic
Tulsequah Chief de posit and Foremore pros pect as well as
the Mesozoic Granduc, Eskay, and Anyox mines (Fig 2;
Massey, 1999).

The Tulsequah Chief de posit, lo cated in far north west -
ern BC (Fig 2), is cur rently mov ing to wards pro duc tion
with in di cated re sources of 6 Mt grad ing 1.40% Cu, 1.24%
Pb, 6.41% Zn, 2.67 g/t Au and 99 g/t Ag (Arsenault et al.,
2007). The Tulsequah Chief and nearby Big Bull de posit
are hosted by a se quence of De vo nian to Mis sis sip pian fel -
sic and mafic volcaniclastic rocks and flows of the Stikine
as sem blage. The de pos its com prise sev eral lenses in which
the sulphides are mas sive and also banded to dis sem i nated
(Sebert et al., 1994). Quartz-seri cite al ter ation is well-de -
vel oped in footwall fel sic rock types, and cor di er ite is lo -
cally abun dant, prob a bly as a re sult of meta mor phic
recrystallization of hy dro ther mal clays (Sebert et al.,
1994). Rhy o lite in the im me di ate footwall of the Tulsequah
Chief de posit has been dated at ca. 327 Ma, Late Mis sis sip -
pian, by U-Pb meth ods on zir cons (Childe, 1997). The
mainly vol ca nic se quence that hosts it is over lain re gion ally 
by Pennsylvanian bioclastic limestone (Mihalynuk et al.,
1994).

The Foremore de posit (MINFILE 104G 148, 181, 182; 
MINFILE, 2007) is also hosted by the Stikine as sem blage
(Lo gan, 2003). It con sists of mul ti ple lenses of mas sive sul -
phide min er als that oc cur in at least two sep a rate strati -
graphic lev els, hosted in py ritic-quartz-seri cite phyllite and 

schist within a larger al ter ation zone of chloritic, hematitic
and car bo na ceous phyllite. The min eral ho ri zons oc cur
near the con tact be tween fel sic and over ly ing mafic vol ca -
nic rocks along a strike length of sev eral kilo metres. Grades 
and thick nesses vary con sid er ably, due in part to strong de -
for ma tion. In 2004, the best drill in ter sec tion was 3.1 m
with 14.6 g/t Au, 1114 g/t Ag, 0.2% Cu, 1.2% Pb and 6.6%
Zn (MINFILE 104G 148). One of the footwall rhy o lite
units has yielded a pre lim i nary De vo nian–Mis sis sip pian
U-Pb zircon date of ca. 359 Ma (J. Logan, pers comm,
2004).

The now-closed Granduc mine was de vel oped on a se -
ries of mas sive sul phide lenses as so ci ated with a banded
iron for ma tion. Granduc is hosted by an un usual Late Tri as -
sic se quence, com pared to the main Takla-Stuhini arc of
Stikinia. It is as so ci ated with very prim i tive tholeiitic ba salt 
that rep re sents ei ther a prim i tive arc or a back-arc set ting
(Childe, 1997). Ore re serves, be fore pro duc tion be gan in
1971, were nearly 40 Mt grad ing 1.73 % Cu (MINFILE
104B 021).

The Eskay Creek mine is now near ing clo sure af ter
pro duc tion of nearly a hun dred tonnes of gold be tween
1995 and 2008. It is hosted by a Lower to Mid dle Ju ras sic
se quence of bi modal ba salt and rhy o lite flows and
interbedded sed i men tary strata that were de pos ited within a 
north-trending rift graben af ter main Hazelton arc vol ca -
nism had ceased (Alldrick et al., 2005). The de pos its con -
sist of stratabound mas sive sul phide lay ers with un usu ally
high Ag-Au con tents (Hoy, 1991). The Anyox mine was
de vel oped on a cop per-rich mas sive sul phide de posit
hosted by prim i tive ba salt. It is thought to be the same age
as Eskay Creek, and to lie along the trend of the Eskay rift to 
the south (Fig 2; Evenchick and McNicoll, 2002).

The above ex am ples show that the most pro spec tive
hosts for VHMS min er al iza tion within Stikinia are the Pa -
leo zoic Stikine as sem blage, an un usual Tri as sic fa cies, and
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Fig ure 1. Lo ca tion map of the pro ject area south east of Ter race, Brit ish Co lum bia.



post-Hazelton rift fa cies. None of them are hosted by the
Lower Ju ras sic Telkwa For ma tion or its cor re la tives. This
is to be ex pected, be cause Telkwa vol ca nic se quences are
gen er ally de vel oped in shal low ma rine or subaerial set -
tings. In par tic u lar, the Howson fa cies be tween Ter race and
Smithers (see Tip per and Rich ards, 1976) formed in a
subaerial, compressional en vi ron ment that is not pro spec -
tive for VHMS de pos its. Thus, the rec og ni tion of Pa leo zoic 
volcanogenic strata in an area pre vi ously in cluded within
the Telkwa For ma tion is sig nif i cant as it opens up the po -
ten tial for the presence of deposits similar to, for instance,
Tulsequah Chief.

PREVIOUS WORK

Pre vi ous re gional geo log i cal map ping of the Ter race
area car ried out by Duffell and Souther (1964) and later by
Woodsworth et al. (1985) pro vides ex cel lent ground work
for later map ping. How ever, be cause so lit tle re gional map -
ping has been con ducted in the Ter race area, as for most of

north ern BC, many fas ci nat ing mys ter ies re main re gard ing
the com plex geo log i cal his tory of the area as well as its
mineral potential.

Min eral ex plo ra tion south of Wil liams Creek dates
back to at least 1922, with the dis cov ery of cop per, iron and
zinc show ings. Sev eral claims were staked in 1968; how -
ever, there are no as sess ment re ports on gov ern ment re cord
un til 1984, when the Ga zelle show ing was dis cov ered
(Hooper, 1984, 1985).The show ing con sists of mul ti ple
lenses of semi-mas sive to mas sive sulphides that were
iden ti fied by D. Hooper. He noted that the style of min er al -
iza tion and ex ten sive quartz-seri cite al ter ation of the
hostrocks are con sis tent with a VHMS sys tem. De spite the
po ten tial of the prop erty, there has been no follow-up to this 
work in over 20 years.

Stratigraphy

The re gional map area (NTS 103I/08) is un der lain by a
con form able se quence of pre-Perm ian to Perm ian sub ma -
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rine vol ca nic rocks and over ly ing lime stone of the Zymoetz 
Group. This in turn is un con form ably over lain by Lower
Ju ras sic, subaerial vol ca nic and clastic strata of the Telkwa
For ma tion. These units are in truded by the Early Ju ras sic
Kleanza pluton, un named Paleocene (?) plutons, and the
Eocene Wil liams Creek pluton. Struc tur ally, the Pa leo zoic
rocks oc cupy the core of a north east erly-trending, north-
plung ing, re gional anticline (Fig 3; Nelson et al., 2008).

The Zymoetz Group con sists of Mt Attree volcanics
over lain by lime stone of the Am bi tion For ma tion (Nel son
et al., 2008). The Mt Attree volcanics are a compositionally
vari able volcanogenic se quence that con sists largely of
dark green an de site flows, tuff and brec cia with lesser rhy o -
lite flows, tuff and brec cia. The unit con tains mi nor lime -
stone and bed ded calc-sil i cate. The Am bi tion For ma tion is
a thick unit of grey lime stone that is gen er ally well-bed ded,
with some highly fossiliferous beds. In some ar eas it con -
tains mi nor lay ers of green interbedded tuff and red si lici -
fied chert. The fos sil as sem blage in cludes horn and co lo -
nial cor als, bryo zoans, brachi o pods, gas tro pods, fusulinids
and sporifera. Brachi o pods are of Penn syl va nian–Perm ian
age, and fusulinids from one lo cal ity are spe cif i cally Early
to mid-Permian (Duffell and Souther, 1964).

The low est part of the Lower Ju ras sic Telkwa For ma -
tion is com posed pri mar ily of polymictic con glom er ate and 
brec cia. The basal Telkwa con glom er ate, where pres ent, is
dom i nated by lime stone and vol ca nic clasts. The con glom -
er ate passes upsection into an de site and dacite brec cia that
are over lain by co her ent and fragmental dacite and rhy o lite
of the lower fel sic marker (Nel son et al., 2008). Vent-prox i -
mal units are of ten brick-red and fea ture spectacular
pyroclastic textures.

Where the lime stone is not pres ent, hav ing been re -
moved by ero sion, Telkwa For ma tion con glom er ate, an de -
site tuff and brec cia di rectly over lie the an de site tuff of the
Mt Attree volcanics. Due to the compositional and tex tural
sim i lar i ties of the two units, past re gional maps have in -
cluded the Mt Attree volcanics within the Telkwa For ma -
tion (Woodsworth et al., 1985). An im por tant goal of this
pro ject was to dis tin guish be tween the two groups in or der
to de limit their bound aries within the map area. Pa leo zoic
age was established by referring to the fol low ing evidence:

• Strati graphic po si tion: The Pa leo zoic vol ca nic rocks
lie depositionally be low the Perm ian lime stone. This is 
ev i dent from:
– the sharp, unsheared con tacts be tween the high est

Mt Attree flow or tuff and the over ly ing lime stone
and

– the pres ence of fine, green tuff lay ers interbedded
with the lime stone unit in some ar eas, likely rep re -
sent ing the last throes of ex plo sive vol ca nism.

• Dis tinc tive vol ca nic se quences: The Pa leo zoic vol ca -
nic se quence is dis tin guished from the Telkwa For ma -
tion based on vol ca nic tex tures, com po si tions, meta -
mor phic grade and pres ence of fo li a tion. Pa leo zoic
an de site fea tures large, blocky augite, and smaller
anhedral plagioclase. Rhy o lite typ i cally con tains
large, embayed quartz pheno crysts. Lapilli tuff char ac -
ter is ti cally con tains abun dant un flat tened sco ria clasts. 
Rare mar ble-calcsilicate interbeds are im por tant in
that they in di cate sub ma rine de po si tion. Greenschist-
fa cies as sem blages and well-de vel oped fo li a tion also
dis tin guish these rocks. De fin ing char ac ter is tics of the
Telkwa an de site in clude abun dant, large, gen er ally ir -

reg u larly-shaped amygdules which in di cate subaerial
erup tion, and well-formed plagioclase pheno crysts
that range from 1 milli metre to over a centi metre in
length. Rhy o lite is best dis tin guished by the pres ence
of devitrification tex tures, in clud ing spheru lites and a
lav en der-col oured ma trix. They are plagioclase-
phyric and lack quartz pheno crysts, ex cept in rare
cases. Fo li a tion is never ob served in Lower Telkwa
rocks, and meta mor phic grades are mostly sub-
greenschist. In cip i ent actinolite de vel op ment un der
static con di tions is probably related to contact
metamorphism. Table 1 expands on the differences
between these two sequences.

GEOLOGY OF GAZELLE AREA

The Ga zelle prop erty is lo cated on a 1200 to 1500 m
high ridge be tween Wil liams Creek and Chist Creek, ap -
prox i mately 4.3 km east of Gunsight Peak (Fig 3). It is an
area of very strong al ter ation, with prom i nent gos sans, as
shown in Fig ure 4 and on the de tailed map (Fig 5).

All of the ground is cov ered by claims that are in good
stand ing, those in the south held by Paget Re sources and
those in the north, by J. Wang (claims 549673, 555399,
564134, 550358, 564181).

Stratigraphy

The cen tre of the map area is dom i nated by an ap par -
ently homoclinal se quence of lay ered Pa leo zoic fel sic to in -
ter me di ate volcaniclastic rocks with large zones of in tense
al ter ation. Perm ian lime stone of the Am bi tion For ma tion
un con form ably over lies the Mt Attree volcanics to the east.
It is in turn un con form ably over lain by Telkwa dacite brec -
cia at the east ern-most edge of the map sheet. There are
mul ti ple stages of in tru sions, in clud ing Tri as sic quartz-
feld spar-rhy o lite por phyry (Fig 5, 6, 7, Ta ble 2) and ex ten -
sive Eocene granodiorite of the Williams Creek pluton
(Fig 5).

Lithological Units

MOUNT ATTREE VOLCANICS

The vol ca nic rocks are well fo li ated, thor oughly al -
tered and recrystallized in greenschist fa cies; the re con -
struc tions of pri mary rock types, there fore, are based on
tex tural and min er al og i cal relicts. Rhy o lite protoliths are
dis tin guished by the pres ence of rel ict quartz pheno crysts
and lesser plagioclase and al kali feld spar, whereas an de site
protoliths con tain plagioclase pheno crysts and lack quartz
eyes. The vol ca nic se quence is dom i nated by dark green,
plagioclase-augite- phyric an de site tuff. Also abun dant are
white, quartz-phyric rhy o lite tuffs, brec cias and flows. The
rhy o lite crys tal-lapilli tuffs con tain heavily embayed quartz 
porphyroblasts and rare relict plagioclase.

An anom a lous 12 m wide zone of lime stone brec cia oc -
curs along East Creek, at the con tact be tween the quartz-
seri cite schist and an de site tuff units (Fig 5). The lime stone
clasts are en closed within a green, fine-grained,
plagioclase-phyric ma trix. The brec cia may have formed as 
a slump de posit. This lime stone unit was not seen at this
con tact anywhere else.
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Fig ure 3. Re gional geo log i cal map of the Chist Creek area (NTS 103I/08), based on 2007 map ping (Nel son et al., 2008). In set shows the lo ca tion of the de tailed Ga zelle geo -
log i cal map (Fig 5), fo cused on ex ten sive al ter ation zones within the Pa leo zoic Mt Attree volcanics.



AMBITION FORMATION

A white to grey lime stone unit con sist ing of well-bed -
ded, recrystallized mar ble with fossiliferous zones cor re -
lates with Am bi tion For ma tion lime stone in the head wa ters 
of Eight Mile Creek (Fig 3). In par tic u lar, it con tains red
chert lay ers and nod ules, si li ceous, net worked veins and si -
lici fied cri noid and brachi o pod fos sils. Interbedded, fine,
green tuffaceous laminae in di cate con ti nu ity with the Mt
Attree volcanics.

TRIASSIC INTRUSIONS

A small Late Tri as sic quartz-feld spar rhy o lite por -
phyry stock is ex posed in the cen tral map area, cut ting
actinolite schist of the Mt Attree volcanics. It is weakly fo li -
ated and rel a tively un al tered (Fig 5, 6c, d). U-Pb iso to pic
dat ing con ducted by R. Fried man of the Pa cific Cen tre for
Iso to pic and Geo chem i cal Re search at the Uni ver sity of
Brit ish Co lum bia, with as sis tance from H. Lin and Y. Feng,
has pro vided an age of 211.16 ±0.41 Ma (Fig 7, Ta ble 2).
Thin sec tion anal y sis re vealed embayed, euhedral quartz
pheno crysts and lesser plagioclase pheno crysts within a
ma trix dom i nated by fine-grained al kali feld spar,
recrysta l l ized  quar tz  and mi  nor  b i  o  t i te  in  f ine ,
discontinuous trains (Fig 6c, d).

LOWER JURASSIC TELKWA FORMATION
VOLCANIC ROCKS AND RELATED
INTRUSIONS

The Lower Telkwa For ma tion can be dis tin guished
from the Mt Attree volcanics by its lack of greenschist

meta mor phism and fo li a tion, as well as the pres ence of red
dacite clasts and crowded feld spar por phyry clasts. The
Telkwa For ma tion is lo cally dom i nated by a polymict
dacite brec cia interbedded with mi nor flows. The brec cia
con tains abun dant milli metre-scale anhedral plagioclase
clasts, lo cal con cen tra tions of lime stone clasts and rare,
subangular, red dacite clasts with fluidal bound aries, all
within an apha ni tic light grey to slightly ma roon ma trix.
To wards the south ern part of the map area there are lo cal -
ized zones con tain ing crowded feld spar por phyry clasts up
to 6 mm in di am e ter that con tain blocky mafic pheno crysts
and have a slight pur ple tinge, per haps due to hornfelsing.
These may have been de rived from the Mt Attree volcanics. 
There are also lo cal ized, patchy zones of glassy, flow-fo li -
ated dacite that contain carbonate veinlets.

EOCENE INTRUSION: WILLIAMS CREEK
PLUTON

The large in tru sive body dom i nates the north ern part of 
the map area. It en gulfs the north ern end of the Pa leo zoic
ex po sure and forms abun dant dykes and plugs through out
the prop erty. The in tru sion is a postkinematic, unfoliated,
white-weath er ing bi o tite-hornblende granodiorite.

Structure and Metamorphism

The pres ence of chlorite, actinolite and mi nor bi o tite in 
the meta vol can ic rocks in di cates meta mor phism in
greenschist fa cies. Meta mor phic grade in creases
downsection, to wards the south, where an abun dance of bi -
o tite and well-formed darker green am phi bole, as well as
calcic plagioclase show the rocks are in up per greenschist
to amphibolite facies.

The Mt Attree volcanics on the Ga zelle prop erty are
gen er ally well-fo li ated. There are two dom i nant foliations,
strik ing north erly and to the north east. The fel sic, al tered
rocks have a strong F1 schistosity par al lel to compositional
lay er ing. The fo li a tion is fairly con sis tent through out the
prop erty and the rocks show signs of mul ti ple iso cli nal
fold ing, per haps due to pro gres sive de for ma tion.  There is
small-scale fault ing with, how ever, very few documentable 
off sets. The shears are ori ented north east and north-north -
west erly. There is a ma jor shear ori ented north-north east
along East Creek and an other small-scale fault, ori ented
north-north west, ex posed along Nifty creek. A steeply-
plung ing fold oc curs along the ridge par al lel to Ice Bridge
Lake with a north-northeast fold axis plunging 45°.

The geo log i cal units of dif fer ent ages dis play vary ing
de grees of de for ma tion. The Pa leo zoic vol ca nic rocks have
un der gone in tense and likely mul ti ple stages of de for ma -
tion early in their his tory, while the Tri as sic stock is only
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Fig ure 4. Moun tain-scale gos san, quartz-seri cite schist, Ga zelle
area. View from the ridge look ing south east to wards Nifty creek
(Fig 5).

TABLE 1. COMPARISON OF DISTINGUISHING CHARACTERISTICS OF THE PALEOZOIC MT ATTREE VOLCANICS AND LOWER
JURASSIC TELKWA FORMATION VOLCANIC ROCKS.



slightly de formed (Fig 6c, d) and the Telkwa dacite does not 
ap pear de formed. Al though this likely in di cates mul ti ple
stages of de for ma tion, the vari able in ten sity of de for ma tion 
of the rock units may be in part a func tion of their po si tion
within the re gional-scale fold, with the highly de formed
Pa leo zoic vol ca nic rocks in the nose of the fold and the
undeformed Telkwa brec cia nearer the limb, and cer tainly a 
func tion of clastic versus coherent texture and intensity of
alteration.

Cross cut ting re la tion ships and the unfoliated, fresh
tex tures of the Eocene (?) Wil liams Creek pluton show that
it was in truded af ter all duc tile de for ma tion had ceased.
There is also ev i dence that the Pa leo zoic vol ca nic rocks
have un der gone ear lier de for ma tion, some likely shortly af -
ter de po si tion. On Mt Attree (Fig 3), clasts of fo li ated Pa -
leo zoic vol ca nic rocks oc cur as clasts within diorite as -
signed to the Ju ras sic Kleanza pluton (Nel son et al., 2008).
On the Ga zelle prop erty, the Pa leo zoic rocks have un der -
gone in tense prekinematic al ter ation whereas the Tri as sic
in tru sion is largely un al tered, which suggests two different
deformation events.

Alteration

The prop erty fea tures ex ten sive, in tense gos sans
(Fig 4, 5) that oc cur in the quartz-seri cite schist as well as in
the si lici fied, chlorite-py rite an de site tuff. In plan view,
they are prom i nent, lin ear al ter ation zones ori ented per pen -
dic u lar to each other in north east and north west directions
(Fig 5).

The two al ter ation types in the area are phyllic, con sist -
ing of quartz-seri cite-py rite (quartz-seri cite schist), and
propylitic, con sist ing of chlorite-epidote-actinolite±py rite. 
Feld spar pheno crysts in por phy ritic rocks have been com -
pletely al tered to seri cite, leav ing only quartz pheno crysts.
Propylitic al ter ation oc curs in the form of chlorite-al tered
ma trixes and quartz-epidote veins.

The an de site and rhy o lite vol ca nic rocks were likely
de pos ited at the same time (or the rhy o lite only slightly af -
ter) and have un der gone the same al ter ation and de for ma -
tion. The dif fer ence in al ter ation type is greatly in flu enced
by the com po si tion of the protolith. The feld spars in rhy o -
lite are pref er en tially al tered to seri cite, which in turn en -
ables de for ma tion. In an de site, pri mary phases such as the
clinopyroxene and hornblende are meta mor phosed to as -
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Fig ure 5. De tailed map of Ga zelle area. Field work done in 2007by M. McKeown and J. Nel son. Data also from Hooper (1984, 1985).
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TABLE 2. U-PB THERMAL IONIZATION MASS SPECTROMETRY ANALYTICAL DATA FOR ZIRCON.



sem blages of actinolite±epidote±chlorite. These rocks are
less prone to de for ma tion, since micas are not abun dant.
Clastic rocks of ei ther com po si tion are more readily al tered
than their coherent counterparts, due to increased
permeability.

Tex tural ev i dence shows that pri mary al ter ation
occured prior to de for ma tion. Seri cite and py rite are found
mostly along fo li a tion that, in turn, has been cut by quartz-
epidote veins show ing signs of fold ing and shear ing. Seri -
cite forms root less, iso cli nal folds and py rite is smeared
into the lineation in the most deformed rocks.

Mineralization

There are two un re lated types of min er al iza tion within
the Ga zelle prop erty: syngenetic, VHMS-re lated, and that
re lated to later in tru sions.

Vol ca nic-hosted mas sive sul phide – style min er -
al iza tion in cludes small lenses of semi-mas sive to
mas sive (>50%) chal co py rite and sphalerite that
were iden ti fied by pre vi ous as sess ment work in the
East Creek Fault Zone (Fig 5; Hooper, 1984, 1985).
Dur ing the 2007 field sea son, mi nor dis sem i nated
chal co py rite±ga lena was found within the sheared
quartz-seri cite schist, near the Ga zelle show ing along 
East Creek (Fig 5). More im por tantly, the Sub show -
ing, a new zone of sili ci fi ca tion with base-metal sul -
phide de pos its as well as bar ite, was dis cov ered dur -
ing 2007 map ping (see below).

Later min er al iza tion re lated to the Wil liams
Creek pluton in cludes small skarn and por phyry oc -
cur rences. There is a small skarn zone where Telkwa
dacite and Perm ian lime stone have been in truded by
granodiorite (Fig 5). It is marked by 0.5 metre-wide
zones of epidote al ter ation, mi nor dis sem i nated to
blebby mag ne tite and mal a chite stain ing. Quartz
veins con tain ing abun dant dis sem i nated py rite, chal -
co py rite and mi nor mo lyb de nite oc cur in the north ern 
map area (Fig 5). Three sets of the veins, up to 50 cm
in width, oc cur within bright or ange quartz-seri cite
schist in contact with granodiorite.

U-Pb Geochronology

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb ra dio met ric age pre sented here were con ducted us ing
the ther mal ion iza tion mass spec tros copy (TIMS) tech -
nique at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search, lo cated in the De part ment of Earth and Ocean
Sci ences of the Uni ver sity of Brit ish Co lum bia. De tails of
an a lyt i cal tech niques are pre sented in Lo gan et al. (2007).
U-Pb re sults are plot ted on a stan dard con cordia diagram
(Fig 7) and listed in Table 2.

Ura nium-lead sin gle-grain anal y ses were per formed
on air-abraded zir cons (Ta ble 2). All of the an a lyzed grains
gave sta tis ti cally con cor dant re sults but three yielded
slightly youn ger ages, likely due to mi nor Pb loss (Fig 7).
An age es ti mate of 211.2 ±0.4 Ma is based on a two-point
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Fig ure 6. Pho to mi cro graphs from Ga zelle prop erty: a) hypa bys sal quartz-feld spar por phyry in cross-po lar ized and b) plane-po lar ized light
(Sam ple 07MM12-03) with large recrystallized and embayed quartz porphyroblast (right), a heavily embayed ash frag ment (left), and a ma -
trix dom i nated by recrystallized quartz and seri cite; c) Palaeozoic an de site lapilli-tuff in con tact with Tri as sic quartz-feld spar rhy o lite por -
phyry in cross-po lar ized and d) plane-po lar ized light (Sam ple 07MM10-03) with vis i ble chlorite and seri cite in the fo li a tion.

Fig ure 7. U-Pb con cordia di a gram for sam ple 07MM-10-03 with data plot -
ted at the 2σ con fi dence level. Con cordia curve is shown as a band that in -
cludes de cay-con stant er rors. De tails of the con cordia age in ter pre ta tion
are listed on the di a gram and dis cussed in the text.



con cordia in ter pre ta tion (Lud wig, 2003) for older, con cor -
dant, and over lap ping grains A and D. Al though these
grains were air abraded, we can not rule out that they did not
also un dergo very mi nor Pb loss; how ever, this is con sid -
ered un likely to sig nif i cantly af fect the crystallization age
estimate.

SUB SHOWING

Min er al iza tion in dic a tive of a VHMS de posit has been
dis cov ered in an in tensely-al tered body within the Mt
Attree volcanics. The body is ap prox i mately 250 by 50 m,
trending north-south (Fig 5, 8) and is par tially en closed by
the Wil liams Creek pluton.

Stratigraphy

The min er al ized unit is part of a strati graphic se quence
dom i nated by rhy o lite tuffs, brec cias and flows. In tensely
al tered quartz-seri cite schist (Fig 8a) is over lain by rhy o lite
flows (Fig 8b, c), which in turn are over lain by a
heterolithic, plagioclase-phyric, (an de site?) brec cia that
con tains clasts of the un der ly ing rhy o lite (Fig 8c). The
brec cia grades into thinly- lay ered, fine- grained tuff and
welded tuff (Fig 8b). The se quence youngs to the east, con -
sis tent with fac ing di rec tions from the sur round ing area
(Nelson et al., 2008).

Mineralization and Alteration

There are two types of min er al iza tion in the Sub show -
ing, both hosted in sericitized rhy o lite tuff with in tense sil -
ica flood ing and py ritic al ter ation:

• A small, lo cal ized zone, 1 metre thick and 4 metres
long, of mas sive bar ite oc curs in an in tensely-al tered
quartz-seri cite schist.  Thin sec tions re veal a
protomylonitic tex ture, with bar ite porphyroblasts
within a fo li ated ma trix of finer-grained bar ite
neoblasts (Fig 8, 9a, b). The predeformational, coarse
grain sizes in di cate bar ite veins, rather than exhalite
(Sam ples from sta tions 07MM13-13 01A and
07MM13-13 01B; see Table 3).

• Mas sive to semi-mas sive ga lena is hosted within in -
tensely-si lici fied, py ritic rhy o lite in a zone 2 metres
thick and 10 metres long (Fig 5; Sam ple 07MM13-13
01C; see Ta ble 3). The min er al iza tion oc curs in a zone
sit u ated stratigraphically be low the bar ite. Dis sem i -
nated ga lena also oc curs over a larger zone within the
quartz-seri cite schist in the north ern area of the
showing.

Interpretation

The styles of min er al iza tion and al ter ation at the Sub
show ing, as through out the Ga zelle area, most likely rep re -
sent a VHMS feeder zone be low the seafloor. The in tense
sericitization and sili ci fi ca tion, in zones both par al lel to
bed ding and cross cut ting bed ding at a high an gle, sug gest
that low pH flu ids were chan nelled both along struc tures
and along per me able, fragmental lay ers in the vol ca nic pile. 
The orig i nally coarse-grained bar ite is more likely to have
crys tal lized in a vein, rather than as part of a bed ded se -
quence. In ad di tion to py rite, lo cal show ings of ga lena,
sphalerite and chal co py rite in di cate that the flu ids trans -
ported base met als. High sil ver val ues ac com pany high

lead val ues in the bar ite sam ple at the Sub show ing (Ta -
ble 3). The low cop per val ues, as well as the mod er ate zinc
and high lead val ues, in di cate the show ing is part of a dis tal
VHMS sys tem. Higher cop per val ues would likely oc cur
more prox i mal to the sys tem. The slightly high gold val ues
rep re sent the enrichment of precious metals which is
common for a VHMS deposit.

EXPLORATION POTENTIAL

Al ter ation and min er al iza tion dis cov ered in the Ga -
zelle map area likely rep re sent that of a dis tal VHMS sys -
tem. The Mt Attree volcanics cor re late with the pre-Perm -
ian vol ca nic hostrocks of the Stikine As sem blage, which
host the Tulsequah Chief de posit and Foremore prospect.

The ex tent of the al ter ation iden ti fied thus far is ap -
prox i mately 18 kilo metres along strike and up to 10 kilo -
metres in width. How ever, it is likely that more could be
iden ti fied with fur ther map ping and ex plo ra tion (see Nel -
son et al., 2008, Fig 3). An im me di ate tar get for ex plo ra tion
are the in tense gos sans and mal a chite stain ing in the south -
west cor ner of the map sheet, spot ted from a he li cop ter in
the cliffs south of Chist Creek (Fig 3). Their north east erly
strikes are par al lel to the trans posed lay er ing of the Mt
Attree volcanics in that area.

At some dis tance from there, it is pos si ble that the
north east erly strik ing Mt Attree volcanics in lower Chist
Creek could pro ject south west across the Kitimat val ley,
into an area of fo li ated meta vol can ic rocks that are cur -
rently in cluded in the Telkwa For ma tion (Woodsworth
et al., 1985). Within the fo li ated ba saltic to rhyolitic flows
and tuff are three show ings of prob a ble or pos si ble
volcanogenic char ac ter. Two of the show ings oc cur within
a coarse pyroclastic belt ap prox i mately 8 kilo metres long
and at least 1.5 kilo metres wide (Belik, 1987). The
Bowbyes show ing (MINFILE 103I 104) com prises two
mas sive sul phide/mag ne tite lenses, each about 1 metre
thick and 3 to 4 metres long, in chloritic schist. Min er al iza -
tion con sists of mas sive, crudely-banded chal co py rite, py -
rite and mag ne tite. Quartz-eye rhy o lite over lies and un der -
lies the min er al ized ho ri zon. A se lected sam ple as sayed
11.4 % Cu and 124.8 g/t Ag (Belik, 1987). At the Bar ite
show ing (MINFILE 103I 217), white to grey, dense to
thinly-lam i nated semi-mas sive bar ite oc curs in fo li ated, si -
lici fied and pyritized brec cia and tuff, which are con cor -
dantly un der lain by a coarse quartz-eye rhy o lite. (Belik,
1987). Close to the show ing, sev eral lenses of mas sive bar -
ite up to 1.1 metres thick and 15 metres long oc cur in al tered 
and recrystallized, in ter me di ate to fel sic pyroclastic vol ca -
nic rocks, that may be fa vour able for VHMS de pos its
(Gun ning, 1988). Chip sam ples from this show ing were
anom a lous in sil ver, gold, cop per and zinc. Quartz-seri cite
schists oc cur 1.5 km to the north east of this show ing. The
seri cite has a dis tinct north east fo li a tion, sim i lar to the Ga -
zelle prop erty schist. The J show ing (MINFILE 103I 221)
is con sid ered to be of ei ther Kuroko or Besshi type. Min er -
al iza tion is ex posed along a CNR rail way cut on the south
side of the Wedeene River. Stratiform py rite and py rite-
chal co py rite min er al iza tion oc curs within bed ded tuff, with 
a maximum exposed width of about 0.5 m. A grab sample
assayed 0.265 g/t Au, 13.3 g/t Ag, 1.978 % Cu and
11.069 % Fe (Raynor, 1987).
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Fig ure 8. Photomosaic of the Sub show ing units: a) quartz-seri cite schist; b) se quence of quartz-seri cite schist, rhy o lite flows and an de site brec cia grad ing into a welded tuff; c) rhy o -
lite flows over lain by graded an de site brec cia; d) highly si lici fied quartz-seri cite schist with wispy ga lena and also a mag ne tite-clinopyroxene-am phi bole skarn.



CONCLUSIONS

Through re gional and lo cal map ping, the stra tig ra phy
of Pa leo zoic and Ju ras sic vol ca nic rocks in the area south -
east of Ter race has been clar i fied and a new unit that is pro -
spec tive for VHMS de pos its has been iden ti fied. The
hostrock age, li thol ogy, al ter ation and min er al iza tion styles 
iden ti fied on the Ga zelle prop erty are char ac ter is tic of
other pre-Perm ian VHMS de pos its within Stikinia. The re -
sults of U-Pb, as say and whole-rock sam ples that are pend -
ing will fur ther test this cor re la tion. Pos si ble ex ten sions of

the fa vour able belt to the south west re quire fur ther study to
eval u ate their strati graphic age and potential for hosting
significant VHMS deposits.
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TABLE 3. GEOCHEMICAL DATA FROM SAMPLES COLLECTED DURING THE 2007 FIELD SEASON IN THE GAZELLE AREA.

Fig ure 9.  Pho to mi cro graph of bar ite vein in a) cross-po lar ized and b) plane-po lar ized light. Large (pretectonic) bar ite porphyroblast within
finer-grain bar ite (Sam ple 07MM13-13 01A).
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Regional Geology and Resource Potential of the Chezacut Map Area,
Central British Columbia (NTS 093C/08)

by M.G. Mihalynuk, C.R. Peat, K. Terhune and E.A. Orovan1

KEYWORDS: re gional ge ol ogy, struc ture, litho geo -
chemistry, min eral po ten tial, Chezacut, Chil cotin River,
moun tain pine bee tle

INTRODUCTION

Moun tain pine bee tles are a nat u ral part of west ern
North Amer i can for est eco sys tems. They range from Brit -
ish Co lum bia to north ern Mex ico. Hu man in ter ven tion in
the nat u ral cy cle of for est fires, which re ju ve nate for ests
and cre ate bar ri ers to the trans mis sion of dis ease and pests,
has re sulted in ma ture to overmature pine for ests through -
out in te rior Brit ish Co lum bia. These stands of trees are par -
tic u larly sus cep ti ble to wide spread moun tain pine bee tle in -
fes ta tion. A com bi na tion of en hanced bee tle sur vival
dur ing re cent mild win ters and re gion ally overmature for -
ests has re sulted in a bee tle-in fested area of his tor i cally un -
prec e dented size. In 2005, the area of con tig u ous in fes ta -
tion re corded by the 2004 For est Health Sur vey (BC
Min is try of For ests and Range, 2005a) was co ex ten sive
with the In te rior Pla teau (Fig 1). We re fer to this area as the
Bee tle In fested Zone (BIZ; Mihalynuk, 2007).

Sub stan tial in creases to the an nual al low able tim ber
har vest in most of the BIZ will help to cap ture eco nomic
value from the dead trees, speed up re gen er a tion and en -
hance econ o mies of for estry-de pend ent com mu ni ties in the 
BIZ (BC Min is try of For ests and Range, 2005b). How ever,
in ev i ta ble deg ra da tion of the avail able trees will lead to an
in dus try down turn. The pro vin cial gov ern ment is sup port -
ing eco nomic di ver si fi ca tion to help re duce the long-term
eco nomic im pact of the moun tain pine bee tle, in clud ing
geo log i cal map ping pro grams aimed at lo cat ing ar eas of
potential interest to the mining and petroleum industries.

The Chezacut area was tar geted for re vi sion map ping
be cause of rel a tively good log ging road ac cess and a his tor -
i cal lack of min eral ex plo ra tion that we be lieve is un de -
served. Herein we re port on re sults of geo log i cal map ping
and re source eval u a tion of the area in the 2007 field sea son
and con firm that fur ther min eral ex plo ra tion is war ranted.
Sig nif i cant min er al iza tion was dis cov ered within the first
two weeks of map ping (see ‘Min er al iza tion’ sec tion). Geo -
log i cal map ping also dem on strated that rock ex po sures are
more ex ten sive, and Chil cotin ba salt is less ex ten sive, than
pre vi ously rec og nized — additional incentives for future
mineral exploration in the area.

LOCATION AND ACCESS

The map area cov ers ap prox i mately 950 km2, and is lo -
cated about 200 km west of Wil liams Lake on the Fra ser
Pla teau (the In te rior Pla teau, Fig 1). It is im me di ately north
of the re sort com mu nity of Puntzi Lake, a for mer mil i tary
air base on the north side of High way 20 ap prox i mately
half way be tween Wil liams Lake and Bella Coola. Mid way
along the east ern edge of the map area is the tiny ranch ing
com mu nity of Chezacut, ser viced from the main Chezacut
for est ser vice road. A sec ond ma jor for est ser vice road, the
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Fig ure 1. Lo ca tion of the Chezacut map area, show ing ar eas men -
tioned in the text as well as the dis tri bu tion of rocks of the Chil cotin
Group (af ter Massey et al., 2005).



Puntzi Lake road, transects the south-cen tral and west ern
parts of the map area. Hun dreds of kilo metres of sec ond ary
log ging roads branch off the ma jor for estry trunk roads.
Many of these are de com mis sioned and best ac cessed by
moun tain bike or, where ex ten sively de graded or over -
grown, on foot. Many road beds are partly con structed on
glaciolacustrine de pos its, which are com mon at low el e va -
tions (see ‘Surficial De pos its’ sec tion). Dur ing dry spells
this ma te rial forms smooth, al beit dusty, road ways. When
soaked by rains, how ever, the clay-rich glaciolacustrine
materials turn greasy and travel can be treacherous.

Ma jor drainages in clude the Clusko and Chil cotin
rivers. Both have eroded through Neo gene vol ca nic rocks,
ex pos ing older Eocene and Me so zoic rocks. The paleo-
Chil cotin River val ley prob a bly chan nelled lava flows in
the Chezacut area: this is par tic u larly ev i dent along the
river’s lower stretches, as can be seen from the Bella Coola
High way (High way 20) at the spec tac u lar cliffs in Bull
Can yon Pro vin cial Park (Gordee et al., 2007). Trav el lers of
this route are left with the im pres sion that the Chil cotin bas -
alts are a thick, wide spread blan ket, and this im pres sion has 
neg a tively im pacted min eral exploration within the Interior 
Plateau.

REGIONAL GEOLOGICAL SETTING
AND PREVIOUS WORK

The Chezacut map area is lo cated in the west-cen tral
part of the In te rior Pla teau (Fig 1), in which Me so zoic vol -
ca nic-arc strata and their plutonic roots are ex posed in a
base ment high that is draped by Eocene, Mio cene and Qua -
ter nary vol ca nic rocks. Re sults of geo log i cal field work
pre sented here build upon the re gional geo log i cal frame -
work es tab lished by Tip per (1969), com piled by Massey et
al. (2005) and recompiled with re gional re vi sions by Rid -
dell (2006). To the im me di ate north east, in the Clisbako
area (NTS 093C/9), Metcalfe et al. (1997) fo cused on
volcanological stud ies, map ping and de ter mi na tion of po -
ten tial for epi ther mal min er al iza tion in the Eocene vol ca nic 
rocks. Surficial de pos its and gla cial phys i og ra phy have
been mapped re gion ally by Tip per (1971) and in more de -
tail by Kerr and Giles (1993), who also con ducted till geo -
chem i cal sur veys (cf. Levson and Giles, 1997). Our
1:50 000 scale map ping is avail able in hard copy or dig i tal
for mat (Mihalynuk et al., 2008).

FIELD TECHNIQUES

We re lied heavily upon 1:20 000 scale dig i tal
orthophotographs (0.5 m res o lu tion) for the iden ti fi ca tion
of ar eas of out crop and def i ni tion of geo log i cal lin ea ments.
Re motely sensed, multispectral ASTER im ag ery that was
cap tured from or bit mid-sea son was also utilized.

Rocks ex posed as a con se quence of road con struc tion
form only a small per cent age of those mapped within the
area (only 2.4% of out crops are within 15 m of roads;
Fig 2). Map ping re stricted to road ways leaves a neg a tive
im pres sion of the per cent age of out crop within the area,
prob a bly be cause rocky ar eas are avoided in or der to min i -
mize road con struc tion costs. Most out crops are ex posed
along gla cially scoured ridges and along the mar gins of gla -
cial melt wa ter chan nels: both ap pear as open ar eas on
orthophotographs and ASTER images.

Clast counts in basal till were used lo cally to help es -
tab lish geo log i cal con tacts be neath the till blan ket. How -
ever, large por tions of the west ern half of the map area are
cov ered by re worked or po ten tially far-trav elled
hummocky gla cial de pos its (Fig 2). In these ar eas, we have
re lied upon grav ity (Rid dell, 2006) and aero mag net ic sur -
vey data (Geo log i cal Sur vey of Can ada, 1994) to guide our
in ter pre ta tion of unit contacts.

LAYERED ROCKS

Rocks within the Chezacut map area can be as signed to 
one of four suc ces sions: Me so zoic, Eocene, Oligocene–
Pleis to cene or Pleis to cene–Ho lo cene (Fig 3). The pre -
sumed old est rocks are un dated, poorly fossiliferous strata
that cor re late with Late Tri as sic and Early Ju ras sic vol ca nic 
arc – re lated strata of the Stikine Terrane (Tip per, 1969;
Massey et al., 2005). These arc rocks and their high-level
plutonic roots were folded prior to the de po si tion of wide -
spread Eocene vol ca nic rocks. Eocene and/or sub se quent
de for ma tion pro duced broad folds in the Eocene vol ca nic
strata. Ero sion of the de formed ter rain dur ing the Mio cene
cre ated paleotopographic lows into which ef fu sive out -
pour ings of Mio cene and youn ger ba salt ponded. The
youn gest bed rock units prob a bly range from Qua ter nary to
Re cent in age, and be long to the al ka line Anahim vol ca nic
belt of pos si ble hot-spot or i gin (Bevier et al., 1979).

Mesozoic Strata 

Vol ca nic strata of pre sumed Ju ras sic age were mapped
by Tip per (1969) in three ar eas: Puntzi Ridge, on the slopes
north of Chil cotin Lake and in the Punkutlaenkut Creek
area (northwesternmost NTS 093C/08). Rocks north of
Chil cotin Lake more closely re sem ble Eocene strata (an
opin ion also ex pressed by Nebocat, 1983); how ever, we
have ex tended ar eas of Me so zoic strata in the other two ar -
eas on the ba sis of out crop found dur ing the 2007 map ping,
as well as aero mag net ic and grav ity data. We in ter pret part
of Tip per’s ‘Eocene (?), Oligocene (?)’ unit as be long ing to
the Me so zoic suc ces sion, which is ex posed in two belts that 
merge to wards Puntzi Ridge, in the south east ern part of the
map area (Fig 2).

VARIEGATED LAPILLI ASH TUFF

The most vo lu mi nous Me so zoic unit is green or var ie -
gated lapilli tuff, which may be more than 1000 m thick. It
typ i cally weath ers to green or or ange an gu lar blocks, with
tab u lar feld spar pheno crysts ≤3 mm in size com pris ing
15% of the rock. Lapilli are an gu lar to subrounded and tend
to be sup ported by an ash ma trix that can con tain up to 25%
feld spar crys tals. Less com monly, clasts are trachytic, with
up to 3% subhedral py rox enes that are <3 mm in di am e ter,
and are quartz-cal cite-chlorite amyg da loid al. The unit is of
dom i nantly basaltic andesite composition.

POLYMICTIC BOULDER CONGLOMERATE

Spec tac u lar polymictic boul der con glom er ate is ex -
posed on the west flank of Luck Moun tain. The most con -
spic u ous clasts are well-rounded boul ders of pink
monzonite in ex cess of 1.5 m in di am e ter. Other ma jor
source rock types in clude feld spar por phyry and lapilli tuff. 
No cal car e ous or fine-grained sed i men tary rock clasts were 
iden ti fied, sug gest ing that only the up per parts of the Me so -
zoic sec tion were ex posed to ero sion at the time of for ma -
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Fig ure 2. A) Gen er al ized ge ol ogy of the Chezacut map area. in clud ing work by Tip per (1969) and Nebocat (1983). B) Al ter na tive in ter pre ta -
tion for the Eocene ge ol ogy of the map area.



tion of this con glom er ate. This unit ap par ently sits above,
and grades up wards into, lapilli tuff and tuffite. On this ba -
sis, we in ter pret it as an intraformational conglomerate.

CALCAREOUS FOSSILIFEROUS
SANDSTONE

Tan to yel low and rusty-weath er ing, cal car e ous vol ca -
nic sand stone crops out at one lo cal ity on the north ern flank
of Arc Moun tain. Only about 5 m is ex posed, and max i mum 
thick ness can not be more than about 50 m. In ter nal and ex -
ter nal moulds of fos sil belemnoids (?) and cor als are poorly
pre served within the coarse-grained feldspathic sand stone.
They are best ex posed on weath ered sur faces, pre sum ably
through dis so lu tion of the cal car e ous fos sil. Pyrrhotite,
lesser py rite (up to 4% com bined) and traces of chal co py -
rite/cubanite and pos si bly bornite can be ob served in hand
sam ples (all sulphides ex cept bornite have been confirmed
by petrographic analysis; Fig 4).

Some grains in the sand stone may have a chert
protolith, sup port ing cor re la tion of this unit with the cal car -
e ous chert peb ble con glom er ate unit de scribed below.

CALCAREOUS CHERT PEBBLE
CONGLOMERATE

Well-rounded peb bles and gran ules of white rhy o lite
typ i cally form white and black con glom er ate beds,

1 to 30 cm thick. To gether with sand stone interbeds, they
form a unit ap prox i mately 25 m thick. Other interbeds in -
clude siltstone, si l i ceous vol ca nic mudstone and
hyaloclastite. Con glom er ate beds are clast-sup ported with
a re ces sive, sandy, car bon ate-rich ma trix. Clasts are up to
4 cm in di am e ter and well sorted. On the south flank of Arc
Moun tain, the ma trix ma te rial of the con glom er ate is re -
placed by mats of tour ma line (Fig 5), per haps due to a
subjacent  mass of aplite  that  forms much of the
southwestern flank of Arc Mountain.

HYALOCLASTITE

Bright green hyaloclastite forms a layer ap prox i mately 
200 m thick near Arc Moun tain and in the Puntzi Ridge
area. Hyaloclastite typ i cally con sists of monomict apha ni -
tic ba salt frag ments, but may con tain fine-grained
pyroxene pheno crysts. Clasts are most com monly lapilli
sized, rang ing up to small blocks. The ma trix is sparry cal -
cite, which may lo cally con tain up to 1% py rite cubes. Near
Arc Moun tain and in the west ern Cope land Hills,
hyaloclastite passes lat er ally into mas sive ba salt, possibly
pillowed.

BASALT

Dark green, mas sive, blocky weath er ing pyroxene ba -
salt is ap prox i mately 100 m thick and grades into the
hyaloclastite unit. Car bon ate-chlorite amygdules up to
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Fig ure 3. Sche matic strati graphic col umns for the north west ern and south east ern parts of the Chezacut map area.
Each col umn shows fa cies changes from west to east.



1 cm form ≤10% of the rock. Con cen tric zones with more
abun dant amygdules are in ter preted to par al lel pil low mar -
gins. Tab u lar to xenomorphic plagioclase and euhedral
pyroxene form ~15% and ~5% of the rock, re spec tively.
Epidote and chlorite-coated joint sur faces are ubiquitous.

VOLCANIC SILTSTONE/SANDSTONE

Green to brown or rust-col oured, com monly re ces sive, 
vol ca nic siltstone and mudstone form a unit ap prox i mately
80 m thick. The unit weath ers into small (1–5 cm) an gu lar
frag ments. Rusty zones may con tain up to 3% py rite and/or
pyrrhotite. The sed i men tary rocks are typ i cally lam i nated
to thinly bed ded (1–2 cm). Rip ple cross-strat i fi ca tion,
scours and flutes, and graded bed ding are locally
preserved.

Ootsa Lake Group

Vol ca nic strata of the Eocene Ootsa Lake Group were
de fined in the Whitesail Lake area (NTS 093E) by Duffell
(1959), ap prox i mately 200 km north west of the Quesnel
and Anahim Lake ar eas (NTS 093B, C; Fig 1) where they
were mapped be tween 1954 and 1957 by Tip per (1959,

1969). Metcalfe et al. (1997) con ducted re vi sion map ping
in NTS area 093C/09 and 16, and 093B/12and 13, which
are widely un der lain by cor re la tive strata. The south west -
ern cor ner of this four-sheet block is the Clisbako sheet
(NTS 093C/09), lo cated im me di ately north of the Chezacut 
sheet (NTS 093C/08). Metcalfe et al. (1997) re named the
Ootsa Lake Group in this area to ‘Clisbako volcanics’ and
pub lished iso to pic age de ter mi na tions rang ing from
ca. 53.4 ±0.6 Ma to ca. 44.2 ±0.4 Ma, in agree ment with
palynological age data. Map units iden ti fied as part of the
Chezacut pro ject do not eas ily fit with the as sem blages de -
fined across the map bound ary by Metcalfe et al. (1997),
prob a bly be cause of the pau city of data ob ser va tion points
that Metcalfe et al. (1997) had upon which to base their in -
ter pre ta tions. We have there fore re tained the broader
‘Group’ des ig na tion of Tip per (1969). We have found it ad -
van ta geous to map units based upon phenocryst con tent
and tex ture, rather than on broader unit as sem blages. For
ex am ple, we sep a rate a re gion ally sig nif i cant hornblende-
phyric unit, which is in cluded by Metcalfe et al. (1997)
within their ‘pyroxene-bear ing as sem blage’. This has al -
lowed us to map out units that could be outlining broad
folds in the Eocene volcanic rocks.

A min i mum com pos ite thick ness for the Ootsa Lake
Group in the Chezacut map area is shown in Fig ure 3 as ap -
prox i mately 1.5 km. How ever, at a lo ca tion just 20 km
north of the map area, the pe tro leum ex plo ra tion well
CanHunter b22/093-C-09 pen e trated Eocene strata from
sur face to nearly 3800 m (Rid dell et al., 2007). Four de tri tal
zir con age de ter mi na tions on well cut tings con firm Eocene
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Fig ure 4. Pho to mi cro graphs of ther mally meta mor phosed cal car e -
ous vol ca nic sand stone on the north east flank of Arc Moun tain: A)
cal cite (Cal) and intergrown sec ond ary tremolite are con spic u ous
in trans mit ted cross-po lar ized light; B) re flected light shows skel e -
tal pyrrhotite (Po) and cubanite (Cb). Width of rect an gle in A rep re -
sents ap prox i mately 1 mm and shows the ex tent of pho to graph B. 

Fig ure 5. Tour ma line and sil ica re plac ing the ma trix within rhy o lite
peb ble con glom er ate.



ages down to 3745 m; all dates are equiv a lent within the
lim its of er ror (ca. 52 ±2 Ma; Rid dell et al., 2007).

DISTINGUISHING FEATURES

The Ootsa Lake Group vol ca nic rocks can be dif fi cult
to dis tin guish from Me so zoic vol ca nic rocks; how ever,
they are typ i cally less al tered, lack ing the per va sive
epidote-chlorite al ter ation typ i cal of the Me so zoic strata.
Some mafic units, es pe cially an ol iv ine-phyric unit near the 
base of the Ootsa Lake Group, can be mis taken for Chil -
cotin Group ba salt; how ever, the lat ter is gen er ally un al -
tered, with vit re ous feld spars, and tends to be highly ve sic -
u lar. Ootsa Lake Group vol ca nic rocks, on the other hand,
have cloudy feld spars, are clay-chlorite altered, and are
amygdaloidal (Table 1).

Basal por tions of the Ootsa Lake Group lie with an gu -
lar un con formity atop Me so zoic rocks. De tails of the stra -
tig ra phy vary from place to place, but the fol low ing gen er -
al ized suc ces sion can be de scribed for the five most
im por tant units:

• poorly ex posed basal con glom er ate

• re ces sive, ma roon-brown flows and brec cias, herein
termed the Peaty unit

• acicular hornblende por phyry flows (through to all but
the very high est lev els)

• ‘ma roon and grey flow-banded’ and ‘vit re ous black’
units (both interlayered with the acicular hornblende
por phyry unit)

BASAL CONGLOMERATE

Bi o tite-rich basal con glom er ate is a re ces sive unit at
the base of the Ootsa Lake Group. It is typ i cally yel low to
white weath er ing, poorly indurated, feldspathic and clast
sup ported (Fig 6). It lo cally grades into coarse-grained
sand stone. Euhedral bi o tite book lets up to 0.5 cm in di am e -
ter are char ac ter is tic of this unit, com monly form ing up to
10% of the rock, ei ther as sin gle crys tals within the sandy
ma trix or as pheno crysts in dacitic clasts. Sandy beds may
dis play re verse grad ing (in ter preted as a wa ter-laid
tuffaceous com po nent), scour ing and crossbedding. Green
clasts, prob a bly de rived from the un der ly ing Me so zoic
units, are conspicuous and may form up to 30% of the rock.

PEATY BASALT

The Peaty ba salt unit is com posed of flows and re lated
brec cias. Weath ered sur faces are a peat-brown col our.
Fresh sur faces are dark grey and may dis play coarse, black,
subidiomorphic ol iv ine and idiomorphic, ochre-weath er -
ing sanidine (?), each form ing up to 2% of the rock. Very
fine-grained car bon ate is per va sive within the ma trix but is
not vis i ble as dis crete veins or patches, ex cept as
amygdules that are oth er wise com posed of green and am -
ber, chalcedonic quartz. Amygdules are pres ent in ve sic u -
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Fig ure 6. Basal con glom er ate of the Ootsa Lake Group. Some of
the dark green clasts may be de rived from the un der ly ing Me so zoic 
vol ca nic strata. Bi o tite crys tals are abun dant within the ma trix and
in Eocene (?) clasts.

TABLE 1. CHARACTERISTICS FOR DISTINGUISHING BETWEEN VOLCANIC-DOMINATED SUCCESSIONS WITHIN THE
CHEZACUT MAP AREA.



lar flow tops, which are de vel oped in the top 1.5 m of the
ap prox i mately 10 to 70 m thick se quence of flows and
breccia that forms this unit.

ACICULAR HORNBLENDE DACITE

North east of Arc Moun tain, acicular hornblende dacite 
flows are prob a bly de pos ited di rectly atop the Tri as sic–Ju -
ras sic suc ces sion. Acicular hornblende por phyry is the
dom i nant ex posed rock type in the east ern parts of the map
area. It is re sis tant, com monly un der ly ing ridges.
Hornblende dis plays trachytic align ment within well-de -
vel oped lay ers, which are in ter preted as flow band ing. Part -
ing along flow band sur faces causes the out crops to break
into thin plates that are typ i cal of this unit. Slopes ad ja cent
to out crops are cov ered by tan to pink or rusty, an gu lar,
poker-chip scree. Fresh sur faces are pink ish tan to grey and
dis play black hornblende nee dles that are gen er ally less
than 4 mm long and form less than 3% of the rock. Typ i -
cally, hornblende is less than 1%, al tered to a punky brown
and best dis played on weath ered part ing sur faces. Salmon-
col oured idiomorphic crys tals of sanidine (?) locally form
up to 2% of the unit.

Two vari ants of this unit oc cur lo cally. One con tains
coarse hornblende com pris ing about 5% of the rock. It may
dis play var ie gated flow bands and flat tened pum ice lapilli.
The other is strongly rusty weath er ing and li mo nite and
jarosite (?) stained, and is best ex posed on the east ern
slopes of Redtop Mountain.

Where well ex posed, dense flow and ve sic u lar flow-
top fa cies can be iden ti fied (Fig 7). Flows range from a cou -
ple of metres to per haps ten metres in thick ness, with the
top 0.5 to 2 m highly ve sic u lar and re ces sive weath er ing.
Interflow and autobreccia are well de vel oped in some
localities.

AMYGDALOIDAL PYROXENE-PHYRIC
BASALT

Brown-green, rubbly weath er ing, highly ve sic u lar,
sparse pyroxene (~2 mm, <3%) and fine plagioclase por -
phyry is com monly brecciated and forms ir reg u lar lay ers
and lenses. Green and am ber amygdules of chalcedonic
quartz are char ac ter is tic. Amygdules are com monly elon -
gate and can be more than 10 cm long. Ir reg u lar cav i ties
more than 30 cm in di am e ter are lined with ter mi nated
quartz crys tals or filled with geopetal lay ers of vari col -
oured (mainly white or am ber) chal ce dony. This unit is in -
ter preted as a suc ces sion of gas-rich ba salt flows infilling
an irregular topography.

OCHRE BRECCIA AND FLOW LOBES

Ochre-weath er ing brec cia can form lay ers more than
10 m thick. Dom i nant clast types are black or ma roon,
scoriaceous to nonvesicular, apha ni tic to rare crowded tab -
u lar feld spar por phy ries. Pyroxene crys tals are a com mon
but mi nor con stit u ent. Ochre stain ing and clay al ter ation
may be de vel oped within en échelon tab u lar zones in ter -
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Fig ure 7. Platy-weath er ing dacitic acicular hornblende-phyric flow
unit with char ac ter is tic pink ish col our. Photo shows an ex am ple of
a ve sic u lar flow top, which are not com monly ex posed.

Fig ure 8. Flat tened pum ice blocks and pos si ble weak weld ing pro -
duc ing flame-like tex tures (F) in chlorite-al tered (Chl) hornblende-
bi o tite dacite (quartz, hornblende and bi o tite pheno crysts fall out -
side the field of view). Di am e ter of cir cle around the cross hairs is
~200 µm.



preted as fumarole fis sures. These may be filled with sec -
ond ary brec cias. At one lo cal ity in the north east ern part of
the map area, ag glu ti nated, flat tened blocks of black ob sid -
ian are in ter preted as part of a spat ter brec cia. Dense, brown 
to black lobes are in ter preted as fin gers of basalt flows
within the breccia-dominated unit.

DACITE ASH-FLOW TUFF

White, blocky-weath er ing hornblende-bi o tite dacite
forms a layer up to ap prox i mately 100 m thick. Idiomorphic 
hornblende and bi o tite form up to 15% of the unit in
subequal amounts. Flat tened blocks in ter preted as col -
lapsed pum ice may dis play lo cal weak weld ing (Fig 8) and
are sug ges tive of an ash flow or i gin. This unit crops out at
four lo cal i ties be tween the north east ern cor ner of the map
area and west of Redtop Moun tain (two are large enough to
be shown on Fig 2). These iso lated ash-flow tuff lay ers are
in ter preted as penecontemporaneous, or de pos ited dur ing
one ignimbritic erup tive ep i sode. Two other oc cur rences of
this unit are lo cated within dif fer ent strati graphic in ter vals
and are un likely to have been deposited during the same
eruptive episode.

MAROON AND GREY BANDED RHYOLITE

A ridge-form ing rhyolitic unit com posed of al ter nat -
ing, milli metre-thick, ma roon and grey flow bands (Fig 9)
is an at trac tive and eas ily dis tin guished rock type within the 
north-cen tral part of the map area. It is interlayered with
flow top/bot tom brec cias of the same com po si tion. Most
com monly it is apha ni tic, but feld spar pheno crysts lo cally

form up to 1% of the rock. The unit is in ter preted as a se ries
of low-re lief dacitic flow domes.

VITREOUS BLACK DACITE

Vit re ous, black, sparse pyroxene por phy ritic dacite flows
and brec cia dis play a dis tinc tive yel low-tan pelagonite rind
where weath ered sur faces are well de vel oped (Fig 10),
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Fig ure 9. Typical out crop of ma roon and grey flow-banded unit.

Fig ure 10. A) Typ i cal pelagonite al ter ation within vit re ous black ba -
salt. (B) Perlitic frac tur ing and pelagonite al ter ation along joint sur -
faces. (C) Plagioclase microlites in glassy ma trix sur round ing
orthopyroxene (? orthoferrosilite) pheno crysts. Cir cle at cross hairs 
in pho to mi cro graphs is ~200 µm in di am e ter.



such as among the roots of ubiq ui tous dead and blown-
down pine trees. Pheno crysts in clude <1% fine, bright
green orthopyroxene as anhedral and gran u lar ag gre gates
less than 2 mm in size, and <1% trans par ent, lath-shaped
plagioclase up to 4 mm in size (Fig 9). Euhedral black py -
rox enes (up to 1 cm and 1%) were iden ti fied within a sin gle
flow of this unit. Flow tops are com monly ve sic u lar (less
than 5 mm thick, 30% ir reg u larly shaped ves i cles), with
ves i cles lined by yel low-or ange to tan min eral ag gre gates.
Interflow brec cia facies are less commonly developed.

Neogene Volcanic Rocks

Neo gene vol ca nic rocks en com pass two broad rock
pack ages: the Late Oligocene to early Pleis to cene Chil cotin 
Group, which ex tends over 50 000 km2 of the In te rior Pla -
teau of Brit ish Co lum bia be tween the Coast Moun tains and
the Quesnel High lands (Bevier, 1983b), and the Pleis to -
cene to Ho lo cene Anahim vol ca nic belt (Mathews, 1989).
The Chil cotin Group is com posed of sub ma rine and
subaerial bas alts and as so ci ated pyroclastic and sed i men -
tary rocks de pos ited in a back-arc ba sin (Bevier, 1983a;
An der son et al., 2001), whereas the Anahim belt rocks are
at trib uted by Bevier (1989) to a hot spot that tracked east -
ward, with the east ern most vol ca nic man i fes ta tions in the
Wells Grey area (Fig 1). How ever, a swarm of earth quakes
in a for merly aseismic re gion near Nazko cone (Fig 1) may
be caused by the move ment of magma at depths of ap prox i -
mately 20 km (Pynn, 2007), calling into question simple
passage of the hotspot.

CHILCOTIN GROUP

The Chil cotin Group was first de scribed in south-cen -
tral Brit ish Co lum bia by Tip per (1971) and later re de fined
by Bevier (1983b) and Mathews (1989). The lava pla teau
formed from a se ries of top o graph i cally low shield vol ca -
noes that amal gam ated into a sin gle, flat ter rain. Vents for
Chil cotin ba salt flows ap pear to be rep re sented by six ba -
saltic and gabbroic plugs in truded into the flows (Bevier,
1983a), none of which oc cur within the map area. The Chil -
cotin Group post dates most tectonism within the area, al -
though re gional tilt ing is re ported along the south west
flank of the Interior Plateau (Parrish, 1983).

Chil cotin Group ba salt flows rest un con form ably on
all older rock units. They con sist mainly of thin (2–15 m
thick), flat-ly ing, dark brown to grey, co lum nar-jointed
pahoehoe flows. Out crops in the Chezacut map area are
mainly mas sive or co lum nar-jointed flows, lo cally dis play -
ing flow-par al lel lay ers of ves i cles, or ves i cle pipes
(Fig 11). These ves i cle pipes are a com mon fea ture re ported 
by Bevier (1983a), sug gest ing that the ex truded lavas were
rich in volatiles.

The av er age com pos ite thick ness of the Chil cotin
Group, ac cord ing to Bevier (1983a), is 67 m, with a max i -
mum known thick ness of 141 m. How ever, 500 m of ‘mafic
volcanics’ were pen e trated by pe tro leum ex plo ra tion well
CanHunter b-16-J/93-B-11 in the Nazko River area, about
60 km east-north east of the Chezacut map area (Rid dell et
al., 2007). A pre lim i nary thick ness model for the Chil cotin
Group in di cated that it is less than 25 m thick across ap -
prox i mately 80% of its ex tent, and more than a third may be
less than 5 m in thick ness (Mihalynuk, 2006; read ers in ter -
ested in more re fined thick ness mod els are re ferred to An -
drews and Rus sell (2007) and sub se quent pub li ca tions by
those and af fil i ated au thors). De spite its lim i ta tions, the

pre lim i nary thick ness model is con sis tent with the ba salt
ob served in the Chezacut map area, where only six ar eas
with Chil cotin out crop were found (Fig 2), even though the
Chezacut map area is lo cated near the cen tre of the ap prox i -
mately 50 000 km2 ex tent of the Chil cotin Group (Massey
et al., 2005).

Anahim Volcanic Belt

Nor th  west  of  the  Chezacut  map area ,  re l  ic t
stratovolcanos of the Rain bow, Itcha and Ilgatchuz ranges
are prod ucts of the compositionally di verse Anahim vol ca -
nic belt. Vol ca nic units in clude al ka line bas alts like
hawaiite and basanite, and peralkaline rhy o lite and
phonolite (Souther and Souther, 1994) of mainly Plio cene
and Pleis to cene age (Bevier, 1989). Pre vi ous petro gen etic
stud ies have fo cused pri mar ily on the hawaiites (Stout and
Nicholls, 1983; Charland et al., 1995), which ap pear to be
de rived from the man tle at the base of the crust.

Rocks of the Anahim vol ca nic belt are spo rad i cally ex -
posed along the west ern mar gin of the Chezacut map area.
A hill in the south west ern part of the area is un der lain by
shal lowly east-dip ping black or pink ish grey, fine to me -
d ium-gra ined ,  c rys  t a l - r i ch  t rachybasa l t  f lows .
Petrographic anal y ses of the lat ter show them to con tain
con spic u ous skel e tal ol iv ine with in clu sions of devitrified
melt (Fig 12A).

Bro ken out crops on an iso lated knob along the west ern 
bor der of the map area at the head wa ter of Palmer Creek are 
com posed of light green and grey-weath er ing ba salt. The
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Fig ure 11. Ves i cle pipes, like those shown here, form within and be -
tween metre-thick col umns of the Chil cotin Group ba salt flows.



light green col our is im parted by an ap prox i mately 10%
aegirine con tent and a pre dom i nance of al kali feld spars
(Fig 12B).

A knob 7 km west-north west of Arc Moun tain is un -
der lain by well-de vel oped al ter nat ing lay ers of sco ria and
flows (Fig 13). Ex po sures at the low est el e va tions are pink

tuff with sparse euhedral quartz eyes. Above a cov ered con -
tact is an ap prox i mately 10 m thick ness of crowded,
coarsely bladed feld spar por phyry flows. On the in cised
west ern flank of the knob are beau ti fully ex posed sco ria
lay ers (Fig 13) con tain ing lapilli to brec cia-sized feld spar
crys tals (Fig 13, in set) and interlayered, dark grey, sparsely
feld spar-phyric flows. These strata dip west, in di cat ing that 
an el e vated magma source was located to the east prior to
glaciation.

All ex po sures of Anahim vol ca nic belt rocks are man -
tled by a thin ve neer of fluvially mod i fied gla cial de pos its.
There fore, they pre date the lat est gla ci ation. Gla cial er rat -
ics of Anahim vol ca nic belt rocks are com monly more than
a metre in di am e ter. One of the most con spic u ous rock
types that forms these er rat ics is coarse-grained K-feld spar
por phyry with quartz ‘eyes’ up to 3 cm in size.

SURFICIAL DEPOSITS

Till, glaciofluvial and glaciolacustrine de pos its are
wide spread within the Chezacut map area. These de pos its
have been dis cussed as part of a study by Levson and Giles
(1997), and were mapped by Kerr and Giles (1993). Read -
ers in ter ested in surficial ge ol ogy should re fer to these pub -
li ca tions, as we dis cuss rel a tively few sa lient points here.

Un dis turbed basal till is not abun dant within the
Chezacut map area. The most wide spread unit is
hummocky mo raine, in ter preted to have been de pos ited
mainly dur ing ice re treat. Where pres ent, how ever, basal
till is a rea son able proxy for the lo cal bed rock ge ol ogy
through geo chem i cal anal y sis of the silt frac tion and com -
po si tion of the en trained clasts. Geo chem i cal anal y ses are
re ported in Peat et al. (2008). One no ta ble sam ple is
MMI07-20-4 (52.4609°N, 124.0849°W), which contains
significant Ag (6 ppm).

Glaciolacustrine de pos its are wide spread within the
Chezacut map area. They ex tend up to a con sis tent el e va -
tion of ap prox i mately 1150 m across the area (Fig 14), and
are in ter preted to have been de pos ited from a late gla cial
lake that in un dated ap prox i mately 65% of the map area at
its peak level.
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Fig ure 12. Pho to mi cro graphs of A) skel e tal ol iv ine that has trapped 
melt (now devitrified) dur ing rapid growth (cross-po lar ized light);
and B) and C) aegirine (Agt) and Baveno-twinned sanidine (Sa)
within a phonolite flow (?) of the alkalic Anahim vol ca nic belt in
plane po lar ized light (B) and cross-po lar ized light (C). Cir cle at
cross hairs in pho to mi cro graphs is 200 µm in di am e ter.

Fig ure 13. Eroded flank of an Anahim vol ca nic belt stratovolcano.
In set photo dem on strates the very coarse size at tained by the feld -
spars within these units.



INTRUSIVE ROCKS

Three in tru sive bod ies, each ap prox i mately 1 km in di -
am e ter, crop out in a north west-trending belt in the map
area. From south to north, these are the Puntzi Ridge quartz
monzonite, the Chili dacite, and the ‘Sweetwater Lake’
monzonite. The lat ter in for mal name is taken from a kilo -
metre-long, deep lake 3 km south east of Arc Moun tain
(Fig 2).

Puntzi Ridge Quartz Monzonite

Pink to grey quartz monzonite crops out on the south -
east ern flank of Puntzi Ridge and ‘Sweetwater Lake’.
Com po si tion var ies from quartz diorite to monzodiorite
and grain size var ies from me dium to coarse. Mafic min er -
als in clude bi o tite and sub or di nate hornblende. Late frac -
tures in the monzonite at Puntzi Ridge are com monly an -
nealed with K-feld spar and dis play pink ha los that are 2 cm
or more wide (Fig 15A). Chlorite±epidote al ter ation and
coat ings on late joint sur faces af fect most parts of the in tru -
sions to some degree.

Dikes of monzodiorite ex tend from the main body at
‘Sweetwater Lake’, and a varitextured diorite apophysis is
lo cally fo li ated. Ther mal meta mor phic ha los af fect Me so -
zoic coun try rocks for at least 30 m from the in tru sive con -
tacts, but some of the Me so zoic units may post date in tru -
sion of the bod ies. For ex am ple, a bi o tite-bear ing
dacite/latite tuff at Puntzi Ridge is, in places, al most in dis -

tin guish able from the in tru sion (Fig 15B) and, on this ba sis, 
is in ter preted as a co eval ex tru sive equiv a lent. How ever,
lat est phases of the in tru sion may cut vol ca nic units at
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Fig ure 14. Dis tri bu tion of glaciolacustrine de pos its within the
Chezacut map area is con sis tent with an enor mous gla cial lake
hav ing a sur face el e va tion of 1153 m, which would have in un dated
ap prox i mately 65% of the map area.

Fig ure 15. A) K-feld spar al ter ation ha los on par al lel frac tures within
Puntzi Ridge quartz monzonite. B) Quartz monzonite tuff in ter -
preted as comagmatic with the Puntzi Ridge quartz monzonite.



strati graphic lev els higher than the dacite/latite tuff. Sam -
ples of the plutons were col lected for iso to pic age de ter mi -
na tion. The ex ten sively al tered ‘Sweetwater Lake’ pluton
was sam pled for U-Pb zir con/ti tan ite de ter mi na tion(s), and
one of the rare zones of fresh bi o tite and K-feld spar in the
Puntzi pluton was sam pled for 40Ar/39Ar age determination.

Chili Dacite

Por phy ritic dacite crops out spo rad i cally across an ap -
prox i mately 200 m by 1000 m area, about 3 km north west
of Puntzi Ridge. It is white to grey-weath er ing and me -
dium-grained, com posed of ~2% euhedral hornblende and
~15% bi o tite book lets, as well as equant white feld spar,
pos si bly sanidine. In one of the high est ex po sures, an
~100 m long zone con tains quartz-lined miarolitic cav i ties
up to 2 cm across, knots of coarse bi o tite and abun dant xe -
no liths (probably autoliths).

The Chili dacite is lithologically sim i lar to dikes and
ash-flow tuff units within the Ootsa Lake Group, and is
there fore con sid ered as a po ten tial subvolcanic feeder. To
test this cor re la tion, a sam ple con tain ing fresh bi o tite was
col lected for 40Ar/39Ar age determination.

STRUCTURE AND DEFORMATION

Ev i dence of de for ma tion can be found in rocks of all
ages within the Chezacut map area. De for ma tion is most in -
tense in the old est rocks — folded strata of pre sumed Me so -
zoic age. How ever, even rocks that may be as young as
Qua ter nary dis play ev i dence of contractional de for ma tion.
Me so zoic rocks are dom i nated by mas sive vol ca nic strata
that do not readily re veal deformational fab rics, but tight
folds and over turned beds can be ob served where these
rocks are interbedded with sed i men tary strata. In some ar -
eas, a spaced cleav age or weak phyllitic fabric is
developed.

De for ma tion of strata of the Ootsa Lake Group is
mainly dis played by vari ably dip ping strata, lo cally ver ti -
cal, which are in ter preted to out line kilo metre-scale folds.
An open, north-plung ing antiformal cul mi na tion is in ter -
preted in the north east ern part of the Chezacut map area. It
has a wave length of at least 15 km and ex poses Me so zoic
strata in its core. Op pressed limbs have re sulted in es cape
struc tures, such as sinistral shear zones on the east ern limb
and thrust fault ing within the fold core. Pen e tra tive, closely
spaced cleav age and weak phyllitic fab rics are best de vel -
oped north of Me rid i o nal Hill (Fig 16A) and in the Cope -
land Hills where they extend across 50 to 200 m.

Our in ter pre ta tion of large-scale folds is a de par ture
from the more clas sic view of wide spread block-fault ing
and ex ten sion dur ing Eocene magmatism. In fact, no where
can we con clu sively dem on strate a fold clo sure by walk ing
vol ca nic stra tig ra phy through a fold hinge. The out crop dis -
tri bu tion of the Ootsa Lake Group is suf fi ciently sparse to
eas ily ac com mo date a more clas sic in ter pre ta tion. For ex -
am ple, Fig ure 2B pres ents one of many pos si ble al ter na tive
in ter pre ta tions of the Eocene ge ol ogy, but it does not ex -
plain the spaced cleav age and weak phyllitic fab rics that are 
exposed in most areas with abundant outcrop.

Within the north west ern part of the map area, Neo gene
Anahim vol ca nic rocks dis play ev i dence of high-an gle re -
verse fault ing (Fig 16B). In ex pli ca bly, the dis crete fault
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Fig ure 16. A) Spaced cleav age (ori ented par al lel to length of
photo) per va sively over prints a ba salt flow con tain ing elon -
gated amygdules (with pen cil aligned). B) Steeply plung ing
striae on fault sur faces com monly oc cur within flow units of the
Anahim vol ca nic belt at this lo cal ity. Pos si ble causes of the
fault ing in clude load ing by ice or vol ca nic de pos its, or pre vi -
ously un doc u mented tectonism.



planes are fo cused in dense flows, not in the ad ja cent, less
com pe tent scoriaceous layers.

Be cause of the very low re lief and ex ten sive
hummocky mo raine within the south west ern part of the
map area, con tacts be tween the Me so zoic, Eocene and
Neo gene units are based largely on grav ity and aero mag -
net ic lineaments.

Deformation Age and Significance

The age of pre-Mio cene de for ma tion can not be well
con strained within the map area. Pos si ble cor re la tions with
deformational events de fined out side of the map area are as
fol lows:

• Paleocene–Mid dle Eocene: Ki ne matic link age with
110 km of dextral off set on the crustal-scale Yalakom
Fault sys tem (Umhoefer and Schiarizza, 1996), and/or
Eocene unroofing of the Tatla Lake meta mor phic com -
plex (Fried man and Armstrong, 1988; Fried man,
1992), lo cated 30 km south of the Chezacut map area.
Eocene ex ten sion is con sis tent with rapid Early
Eocene cool ing (55–50 Ma), as de ter mined from ap a -
tite fis sion track stud ies in the re gion (Rid dell et al.,
2007).

• Mid dle Ju ras sic (Bajocian): Em place ment of the
Cache Creek Terrane (Ricketts et al., 1992; Mihalynuk
et al., 2004). Cache Creek rocks are jux ta posed with
Me so zoic strata about 80 km to the east.

A sub-Eocene struc tural dis con ti nu ity is in ter preted
be cause the youn ger strata are not ob served to be
isoclinally folded (al though flow fab rics dis play ing all
man ner of fold ing are com mon within Ter tiary units of
dacitic and rhyolitic com po si tion, they are not tec tonic in
or i gin). In ad di tion, a sand stone and con glom er ate unit
con tain ing clasts of the Me so zoic unit is in ter preted as a
sub-Eocene basal con glom er ate. It also con tains vit re ous,
euhedral, bi o tite book lets and ‘dacitic’ clasts con tain ing bi -
o tite, prob a bly at trib ut able to syndepositional vol ca nism.
Sam ples of this bi o tite were col lected for iso to pic age de -
ter mi na tion. The oc cur rence of bi o tite may mark the on set
of vol ca nism of the Ootsa Lake Group in this area,
constraining the age of the angular unconformity to early
Eocene.

MINERALIZATION

Prior to 2007, only a sin gle MINFILE oc cur rence was
r e  p o r t e d  f o r  t h e  C h e z a c u t  a r e a .  I d e n  t i  f i e d  a s
MINFILE 093C  011 (MINFILE, 2007), the Chili (for -
merly Punt) oc cur rence is a shear-re lated quartz stockwork
with ar gen ti fer ous and au rif er ous chal co py rite (Nebocat,
1983; see also new anal y sis 1.5 ppm Au and 69 ppm Ag in
Ta ble 2b) within prob a ble Me so zoic vol ca nic strata (Fig 2).
The quartz stockwork cuts epidote-chlorite-al tered feld -
spar-pyroxene por phyry and lapilli tuff. The quartz is
greasy grey in places, prob a bly re lated to its elevated Ag
content.

Dur ing the course of our work, five new min eral oc cur -
rences were dis cov ered. From north to south these are the
Pyro, Orovain, Punky, Vam pire and Gumbo show ings.
Coarse-grained pyrolusite-rich brec cias dom i nate iso lated
out crops at the Pyro show ing. Both the Punky and Orovain
oc cur rences are cop per sul phide and na tive cop per – bear -
ing veins. Min er al iza tion at the Vam pire and Gumbo show -

ings is dis sem i nated cop per sulphides in altered igneous
rocks.

Pyro Showing

The Pyro show ing is lo cated at the south west ern base
of Arc Moun tain (Fig 2). This area is part of a ther mally
meta mor phosed zone char ac ter ized by sili ci fi ca tion and
sec ond ary tour ma line in out crops ex posed for more than
350 m along a gla cial out flow chan nel. Tour ma line grains
pro vide a nu cle ation site for nonpleochroic hex ag o nal crys -
tals that grow in op ti cal con ti nu ity with the tour ma line and
re place up to 50% of the rock ma trix (Fig 17). Min er al iza -
tion at the Pyro show ing is not well ex posed but, over a
10 m by 25 m area, it con sists of sooty, rust-col oured,
coarse-grained brec cia with he ma tite-goethite-pyrolusite-
rich ce ment (>1% Mn, the an a lyt i cal up per con cen tra tion
limit for de ter mi na tion of this el e ment by the ICP-MS
method; see Ta ble 2a) and vein-like bod ies up to 35 cm
thick. A low-an gle fault zone that cuts the min er al iza tion is
tentatively interpreted as a top-to-the-southeast thrust fault.

Anal y sis (Ta ble 2a, b; re sults to two sig nif i cant fig ures
for INAA and ICP-MS val ues, re spec tively) of two sam ples 
of sooty min er al iza tion, in clud ing a chip sam ple at 20 cm
in ter vals across 4 m (sam ple MMI07-48-4B), re veal el e -
vated val ues for Au (90, 160 ppb), As (530, 1200 ppm), Sb
(34, 6 ppm) and Zn (840, 3000 ppm); and, for ICP-MS anal -
y ses only, 11 ppm Ag, 30 ppm Bi, 2.3 ppm Tl and 13 ppm
Te. Most sur pris ing is Te en rich ment, which is more than
4000 times the av er age crustal abun dance in anal o gous vol -
ca nic-arc rocks (Yi et al., 2000). Con clu sive clas si fi ca tion
of this de posit is not pos si ble given the cur sory na ture of
our ob ser va tions; how ever, in con sid er ation of the tour ma -
line and sil ica al ter ation and induration, a skarn or i gin is
pos si ble. If so, the aplite body that forms much of the south -
west ern flanks of Arc Moun tain is the likely cause of the
ther mal-meta mor phism. Sil ver-zinc-lead skarns are com -
monly en riched in Mn and have el e vated Bi and Au (Ray,
1995); how ever, the Te en rich ment is un usual for a skarn.
On the ba sis of elevated Au and Ag values alone, this
occurrence warrants further investigation.

Punky and Orovain Showings

Both the Orovain and Punky show ings are cop per-
bear ing vein oc cur rences lo cated near the peak and on the
south west ern flank of Luck Moun tain, re spec tively (Fig 2). 
Min er al iza tion at the Orovain oc cur rence is within a set of
0.5 to 8 cm thick quartz-epidote-prehnite veins. Veins cut
feld spar-phyric lapilli tuff and are gen er ally subparallel and 
west trending, with a spac ing of ap prox i mately 1 m, and ex -
posed over a 50 by 75 m area. Min er al iza tion oc curs as dis -
sem i na tions of na tive cop per man tled by chalcocite
(Fig 18). Cop per min er al iza tion is most abun dant within
the vein ma te rial, but spo rad i cally oc curs within the al ter -
ation en ve lope ad ja cent to the vein. Al ter ation min er al ogy
of the en ve lopes is sim i lar to that of the veins, and to tal en -
ve lope thick ness is about equal to that of the veins. Anal y sis 
of the veins re veals between 1026 ppm and >1% Cu
(Table 2a, samples MMI07-37-7, 8 and 9).

Vein ing at the Punky oc cur rence is more spo radic with
a less well de vel oped vein set than at the Orovain oc cur -
rence. Quartz-car bon ate veins up to 12 cm thick are cop per
stained. Pre lim i nary petrographic anal y sis of the veins re -
veals no pri mary cop per min er al iza tion; how ever, cal cite-
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TABLE 2. SELECTED ANALYTICAL RESULTS FROM MINERALIZED SAMPLES WITHIN THE CHEZACUT MAP AREA: A) SELECTED ICP-MS RESULTS, B) SELECTED INAA
RESULTS. A DIGITAL REPORT AND DATABASE OF ALL SAMPLES ANALYZED AS PART OF THE CHEZACUT MAPPING PROJECT ARE AVAILABLE IN PEAT ET AL. (2008).



epidote al ter ation patches within the tuffaceous host rocks
do con tain na tive cop per man tled by chalcocite and he ma -
tite. These ob ser va tions sug gest that sam pling that was bi -

ased to wards cop per-stained vein ma te rial may have
underrepresented the cop per con tent of the out crop, and fu -
ture in ves ti ga tors should look care fully at the tuffaceous
host rocks for signs of min er al iza tion. Anal y sis of the vein
ma te rial yielded Cu values of between 1925 and 1100 ppm
(Table 2a).

Gold and sil ver val ues at both oc cur rences are neg li gi -
ble.

Vampire Showing

Dis sem i nated chal co py rite oc curs within a belt of out -
crops of mainly in ter me di ate vol ca nic brec cia, lo cated be -
tween the old home stead ac cess road and the Chil cotin
River, about 5 km above its con flu ence with the Clusko
River (Fig 2). At this lo cal ity, epidote-quartz-chlorite-py -
rite al ter ation (propylitization) is wide spread in feld spar-
phyric vol ca nic brec cia and sparse white, dacitic (?) tuff
lay ers (Fig 19), pro duc ing green and rust out crops that ex -
tend spo rad i cally for ap prox i mately 110 m along the river
val ley. Anal y sis of sam ples with vis i ble chal co py rite re -
turned val ues of be tween 0.12% and 0.28% Cu, in clud ing a
1.1 m chip sam ple across one well-min er al ized out crop that 
re turned 0.21% Cu. No sig nif i cant Au or Ag en rich ment
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Fig ure 17. Pho to mi cro graphs of min er al iza tion at the Pyro oc cur -
rence: A) plane-po lar ized light shows nu cleus of ol ive-blue
pleochroic tour ma line (Tur) over grown by ra di at ing mat of
nonpleochroic tour ma line; B) and C) opaque and semi-opaque
min er als are ten ta tively iden ti fied in re flected light (B) as goethite
(Gt, red in ter nal re flec tions), he ma tite and pyrolusite (Pru) and/or
other Fe-Mn ox ides) that, in partly un crossed po lar ized light (C),
dis play bot ry oi dal and/or geopetal tex tures. Cir cle at cross hairs in
pho to mi cro graphs is 200 µm in di am e ter.

Fig ure 18. Re flected light pho to mi cro graphs of sam ples of min er al -
iza tion at the Orovain oc cur rence show ing: A) dis sem i nated na tive
cop per within a well-min er al ized vein, and B) close-up of a typ i cal
na tive cop per (Cu) grain show ing a man tle of chalcocite (Cc). Cir -
cle at cross hairs in pho to mi cro graphs is 200 µm in di am e ter.



was de tected. Of the chal co py rite-bear ing sam ples an a -
lyzed, the high est Au value returned is 9 ppb and the highest 
Ag value is 0.5 ppm (Table 2a).

Gumbo Showing

Min er al iza tion at the Gumbo show ing oc curs as lo cal
ac cu mu la tions of dis sem i nated chal co py rite and pyrrhotite
(Fig 20A) in an al tered, por phy ritic, mafic ig ne ous unit
(Fig 20B). Rel ict pheno crysts are prob a bly plagioclase and
pyroxene. Spo radic low out crops of this unit are dark
green-grey with rust patches (ox i dized pyrrhotite), and
well indurated with an gu lar, blocky joint ing. Sam ples from
the show ing re turned el e vated lev els of Cr (518 ppm, pos si -
ble con tam i na tion from mill), Ni (150 ppm) and Zn
(180 ppm) relative to other samples analyzed.
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Fig ure 19. Pho to graphs of the Vam pire oc cur rence, show ing: A) an 
out crop of in ter me di ate tuff min er al ized with chal co py rite (re ces -
sive rusty) and sparsely cop per-stained, fresh frac ture sur faces;
and (B) a thin interbed of fel sic tuff.

Fig ure 20. Pho to mi cro graphs of al tered pyroxene-phyric vol ca nic
or in tru sive rock at the Gumbo oc cur rence, show ing A) pink ish
pyrrhotite (Po) and yel low chal co py rite (Cpy) as ir reg u lar clots (in
places intergrown) and as dust ings in the rock ma trix (re flected
light); and; B) sulphides re plac ing the cores of al tered pheno crysts, 
pos si bly pyroxene (plane-po lar ized trans mit ted light); pale green
actinolite (Act), and chlorite also re place pyroxene (?). Cir cle at
cross hairs in pho to mi cro graphs is 200 µm in di am e ter. Re main der
of the rock is hornblende diorite.



SUMMARY

Geo log i cal field in ves ti ga tions within the Chezacut
map area dem on strated the fol low ing:

• Ru mours of a rel a tively un bro ken blan ket of gla cial
cover are ill-founded. Bed rock ex po sure is more ex -
ten sive than is gen er ally per ceived.

• With the aid of de tailed dig i tal orthophotos and
multispectral im ag ery, strat e gies were suc cess fully de -
vised to max i mize the chances of en coun ter ing out -
crops.

• The ex tent of the Chil cotin Group is much less than an -
tic i pated: a 96% de crease in the area orig i nally in -
cluded in Massey et al. (2005). If the Anahim vol ca nic
belt is in cluded with the Chil cotin Group, there is still a 
62% de crease in young vol ca nic cover.

• Me so zoic strata are more abun dant and more ex ten -
sively in truded than pre vi ously thought. If our in ter -
pre ta tion is cor rect, Me so zoic units now ac count for
nearly 240% of the dis tri bu tion shown in Massey et al.
(2005).

• Eocene strata are prob a bly de formed by broad fold ing,
not solely by block fault ing. If this in ter pre ta tion is
cor rect, it ap pears that Me so zoic strata are ex posed in
the core of a broad anticline.

• Neo gene vol ca nic rocks are com monly highly ve sic u -
lar (25%), re sult ing in lower than ex pected den sity
(pos si ble grav ity lows, not the highs nor mally an tic i -
pated from ba salt).

• Sig nif i cant new min eral oc cur rences can still be dis -
cov ered at sur face within the Chezacut map area (in
our case, within 1.5 weeks of com menc ing the map -
ping pro ject).

• Dis cov ery of four new min eral oc cur rences dur ing the
course of the Chezacut re gional map ping pro ject is a
dem on stra tion of the underexplored sta tus of this area.
The re gion clearly de serves much more ex plo ra tion at -
ten tion than it has re ceived in the past.
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Geochronological Results from Reconnaissance Investigations in the
Beetle Infested Zone, South-Central British Columbia

by M.G. Mihalynuk, R.M. Friedman1 and T.D. Ullrich1
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INTRODUCTION

For estry is the prin ci pal eco nomic en gine for many
com mu ni ties within the in te rior of Brit ish Co lum bia. In fes -
ta tions of moun tain pine bee tle have af fected most for ests
in this part of the prov ince (Fig 1) and, as a re sult of wide -
spread pine tree mor tal ity, a down turn within the for estry
sec tor is an tic i pated. The BC gov ern ment is work ing to
stim u late eco nomic di ver si fi ca tion within the Bee tle In -
fested Zone (BIZ) to soften these negative economic
impacts.

Min eral ex plo ra tion and min eral re source de vel op -
ment within the BIZ have lagged be hind other pro spec tive
parts of the prov ince (Mihalynuk, 2007a). Low lev els of
his tor i cal ex plo ra tion mean more op por tu nity for fu ture
min eral dis cov er ies and, as such, these in dus tries could
bring eco nomic di ver si fi ca tion to the BIZ. To help the min -
eral ex plo ra tion in dus try jus tify in vest ments in the BIZ, the
BC Geo log i cal Sur vey has re fo cused most of its field pro -
grams into the area (see 'Fore word', page iii). We re port
here on geo chron ol ogi cal data aris ing from a 2006 re con -
nais sance field pro gram that in ves ti gated meth ods to en -
hance the ef fi cacy of geo log i cal field work within the BIZ
(e.g., Mihalynuk, 2007b; Mihalynuk et al., 2008).

LOCATION

Data re ported here are from sam ples col lected in three
wide spread ar eas within the BIZ — east of south ern Babine 
Lake, near Riske Creek and west of the Iron Mask batholith
(Fig 1).

Sam ples were col lected from three sites east of south -
ern Babine Lake — two sites are along the main log ging
haul road (named ‘Phan tom Road’) be tween 4 and 6 km
north west of Boling Point on Babine Lake (sam ples
MMI06-7-12 and MMI06-24-4, Ta ble 1), and the third site
is a re cently ac tive bor row pit ap prox i mately 1 km south -
west of Cunningham Lake (sam ple MMI06-5-1, Ta ble 1).

All three sites are within an area most re cently mapped at
1:100 000 scale by Mac In tyre and Schiarizza (1999).

Sam ples from the Riske Creek area were col lected
from a site 27 km south west of Wil liams Lake, lo cated be -
tween Cot ton Road and the vil lage of Toosey (sam ple
MMI06-34-8, Ta ble 1). This area has been most re cently
mapped at 1:50 000 scale by Mihalynuk and Harker (2007;
see also Mihalynuk et al., 2007), who in cluded the sam ple
lo ca tion and age (with out data) on their map.

Sam ple col lec tion in the Iron Mask batholith area was
from west of the batholith, ap prox i mately 2 km south of
Jacko Lake and 15 km south west of Kamloops (sam ple
MMI04-11-7b, Ta ble 1). A re cent re gional map ping and
data com pi la tion that cov ered this area (Lo gan and
Mihalynuk, 2006) in cluded the sam ple site within the
‘Cherry Creek tectonic zone’.

METHODS

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb and 40Ar/39Ar iso to pic ages pre sented here was con -
ducted at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search (PCIGR) at the De part ment of Earth and Ocean
Sci ences, The Uni ver sity of British Columbia.

The U-Pb iso to pic age de ter mi na tions re ported here
were by Ther mal Ion iza tion Mass Spec tros copy (U-Pb
TIMS). The 40Ar/39Ar iso to pic age de ter mi na tions were by
the la ser-in duced step-heat ing tech nique. De tails of the
both an a lyt i cal tech niques are pre sented in Lo gan et al.
(2007).

ISOTOPIC AGE DETERMINATIONS

A syn op tic de scrip tion of the sam ple set and geo chron -
ol ogi cal re sults are pre sented in Ta ble 1. Re sults of U-Pb
iso to pic anal y ses are re ported in Ta ble 2, and sum mary data
for 40Ar/39Ar plots are re ported in Ta ble 3. Com plete dig i tal
data sets are avail able in Ullrich et al. (2008).

Ura nium-lead anal y ses were per formed on zir cons re -
cov ered from sam ples MMI06-5-1 and MMI06-24-11. Zir -
cons from the pop u la tions an a lyzed are pic tured in Fig -
ure 2, both be fore and af ter air abra sion treat ment. Four
sin gle zir con grains an a lyzed from sam ple MMI06-5-1 pro -
duced good qual ity data with four con cor dant and over lap -
ping 2σ er ror el lip ses con trib ut ing to a best es ti mate con -
cordia age of 171.44 ±0.39 Ma (Fig 3A) at 95% con fi dence
(2σ de cay con stant er rors in cluded). The mean square of
weighted de vi ates (MSWD) of con cor dance is 1.3 and the
probability of concordance is 0.25.

Three sin gle zir con grains an a lyzed from sam ple
MMI06-24-11 also pro duced good-qual ity data with con -
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Fig ure 1. Lo ca tion of the sam ples an a lyzed. Geo log i cal maps are mod i fied af ter Massey et al. (2005) and
Mihalynuk and Harker (2007).



cor dant and over lap ping 2σ er ror el lip ses con trib ut ing to a
best es ti mate con cordia age of 218.74 ±0.44 Ma (Fig 3B) at
95% con fi dence (2σ de cay con stant er rors in cluded). The
MSWD of con cor dance is 2.0 and the prob a bil ity of con -
cor dance is 0.19.

Ar gon-40/ar gon-39 anal y ses were per formed on three
sam ples: MMI04-11-7b (whole rock con tain ing white
mica) ,  MMI06-24-4  (b i  o  t i t e )  and  MMI06-34-8
(hornblende).

Whole rock sam ple MMI04-11-7b pro duced a good
53.39 ±0.45 Ma pla teau age (2σ, in clud ing J-er ror of 0.5%)
rep re sent ing 82.7% of the 39Ar gas re leased (Fig 4A). The
MSWD of con cor dance is 0.76 and the prob a bil ity of con -
cor dance is 0.55. The in verse isochron has an ini tial
40Ar/36Ar in ter cept of 311 ±19 Ma, within er ror of the ac -
cepted at mo spheric value, and yielded an age of
52.82 ±0.83 Ma (MSWD = 0.115).

The bi o tite sep a rate (sam ple MMI06-24-4) pro duced a 
con vinc ing pla teau for in ter me di ate heat ing steps only
(Fig 4B). Ac count ing for 51.7% of the 39Ar gas re leased,
the pla teau age is 134.65 ±0.74 Ma (2σ, in clud ing J-er ror of 
0.5%). The MSWD of con cor dance is 1.00 and the prob a -
bil ity of con cor dance is 0.41. The in verse isochron is
poorly con strained due to ra dio genic ar gon dom i nat ing the
heat ing steps, yield ing an ini tial 40Ar/39Ar in ter cept of
290 ±98 Ma, an age of 134.9 ±4.3 Ma, and a MSWD = 1.3,
but nonetheless supports the plateau age.

The hornblende sep a rate (sam ple MMI06-34-8) pro -
duced a 51.65 ±0.58 Ma pla teau age (2σ, in clud ing J-er ror
of 0.5%) rep re sent ing 90% of the 39Ar gas re leased

(Fig 4C). The MSWD is 0.49 and the prob a bil ity of con cor -
dance is 0.61. Again, the in verse isochron is dom i nated by
ra dio genic ar gon, yield ing a poorly con strained but sup -
port ive ini tial 40Ar/36Ar in ter cept of 275 ±64 Ma and age of
51.8 ±2.1 Ma (MSWD = 0.71).

GEOLOGICAL IMPLICATIONS OF
GEOCHRONOLOGICAL RESULTS

Babine Lake

Geo log i cal field work was con ducted in the south ern
Babine Lake area as a con se quence of prov ince-wide Re -
gional Geo chem i cal Stream sed i ment com pi la tions that
showed cor re la tions be tween phos pho rous and cop per
(Mihalynuk et al., 2007; cf., Lett et al., 2008). These el e -
ments show strong cor re la tion in alkalic cop per-gold por -
phyry camps such as the Iron Mask batholith and Mount
Polley. Min er al iza tion at most alkalic cop per-gold por -
phyry de pos its within the prov ince is be tween 205 and
200 Ma (Lo gan et al., 2007). One ob jec tive of the work in
the Babine Lake area was to de ter mine if any in tru sive
rocks of this critical age are present.

BOLING POINT AREA: SYNKINEMATIC
DIKE, SAMPLE MMI06-24-11

Be tween ap prox i mately 1 km and 7 km north west of
Boling Point on Babine Lake (Fig 1), ex po sures are dom i -
nated by fo li ated mafic vol ca nic rocks. These are mainly
coarse-grained pyroxene-por phy ritic brec cias in which

Geo log i cal Field work 2007, Pa per 2008-1 137

TABLE 1. SUMMARY INFORMATION FOR GEOCHRONOLOGICAL SAMPLES.
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TABLE 2. U-PB TIMS ANALYTICAL DATA FOR ZIRCON.
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TABLE 3. 40AR/39AR STEP HEATING GAS RELEASE DATA.



pyroxene crys tals have acted as strain mark ers and dis play
flat ten ing and orogen-par al lel elon ga tion within the fo li a -
tion planes. Elon ga tion strain av er ages about 3 but can ex -
ceed 10 (Fig 5). Fo li a tion and lineation fab rics are cut by a
granodioritic pluton 6 km in length and by smaller stocks
less than a kilo metre in length (Mac In tyre and Schiarizza,
1999). All are elon gated in a north west di rec tion, par al lel
with the min eral elon ga tion di rec tion which av er ages ap -
prox i mately 335°.

Hornblende dacite dikes gen er ally cut the fo li a tion of
the de formed vol ca nic coun try rocks (Fig 6). The dikes are

1 to 5 m thick and have an av er age strike/dip of ap prox i -
mately 145°/60°. They all dis play protomylonitic tex tures.
Lo cally, the dikes are trans posed by the 335° duc tile fab ric.
These re la tion ships are taken to in di cate late synkinematic
em place ment of the dikes.

The U-Pb zir con age de ter mi na tion of 218.7 ±0.4 Ma
for sam ple MMI06-24-11, col lected from one of the
synkinematic dacite dikes, is slightly youn ger than the
crys tal li za tion age of 226 ±3 Ma es ti mated from a stock
2 km to the south east by Mac In tyre et al. (2001). This stock
dis plays a decimetre thick ultramylonite zone (approx.
205°/40°) that is over printed by later dilational brecciation
textures (Fig 7).

The new age is iden ti cal, within the lim its of er ror, to
the old est parts of the Endako Batholith (the Stern Creek
phase) where dated, ap prox i mately 65 km to the south east.
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Fig ure 2. Pho to mi cro graphs of zir cons an a lyzed from
sam ple MMI06-5-1 be fore (A) and af ter (B) air abra sion,
and from sam ple MMI06-24-11 be fore (C) and af ter (D)
air abra sion. Hor i zon tal di men sion of pho tos rep re sents 
ap prox i mately 1 mm.

Fig ure 3. Con cordia plots for U-Pb TIMS data for: A) sam ple
MMI06-5-1, and (B) sam ple MMI06-24-11. 2σ er ror el lip ses for in di -
vid ual an a lyt i cal frac tions are shown in red. These data are com -
bined to pro duce the best es ti mate age shown by the grey el lipse.
Con cordia bands in clude 2σ er rors on U de cay con stants.
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Fig ure 4. Step heat ing Ar gas re lease spec tra for: A) sam ple
MMI04-11-7b, B) sam ple MMI06-24-4, and C) sam ple MMI06-34-
8. Pla teau steps are filled, re jected steps are open. Box heights at
each step are 2σ.

Fig ure 5. Coarse augite crys tals char ac ter ize the por phy ritic vol ca -
nic rocks near Boling Point. They are good strain mark ers and com -
monly dis play a strong lineation. Strain av er ages about 3, but is lo -
cally 10 or more.

Fig ure 6. Dacite dike con tact shows weakly to non-fo li ated dike
mar gin in con tact with fo li ated tuffaceous coun try rocks.



Villeneuve et al. (2001) re port an age for this phase of
219.3 ±0.4 Ma.

CUNNINGHAM LAKE: FOLIATED TUFF
WITH DACITIC CLASTS, SAMPLE MMI06-5-
1

Sam ple MMI06-5-1 was col lected from a unit mapped
as Sitlika as sem blage, which is de scribed by Mac In tyre and 
Schiarizza (1999) as mainly metabasalt with lesser
amounts of fel sic vol ca nic and sed i men tary units. At the
sam ple lo cal ity, white, flow-banded and quartz-phyric,
coarse lapilli-sized clasts con sti tute about 5% of a dark
brown tuffaceous unit. The clasts dis play elon ga tion with
gen tle north west plunges within a steep, north-north west-
strik ing foliation (Fig 8).

Age de ter mi na tion was sought to help test the cor re la -
tion with the Sitlika as sem blage be cause such a cor re la tion
points to an en vi ron ment with po ten tial for volcanogenic
mas sive sul phide min er al iza tion, sim i lar to that seen at the
Kutcho Creek de posit (MINFILE 104I  060). Un for tu -
nately, the cor re la tion is not borne out by the new U-Pb age
de ter mi na tion of ca. 171 Ma (ver sus the ex pected age of
ca. 250 Ma for Sitlika strata). How ever, these vol ca nic
rocks may be ex tru sive equiv a lents to a belt of in tru sive

rocks that in cludes the Spike Peak in tru sive suite, dated at
171.8 ±0.6 Ma (U-Pb zir con; Mac In tyre et al., 2001) about
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Fig ure 7. a) Dacite dikes are lo cally infolded with augite por phyry
brec cia. Fold axes are ori ented 345°/20°. b) Close-up view of
dacite out crop show ing fo li a tion at this lo cal ity plus cataclastically
re duced quartz eyes. c) Strong fab ric de vel op ment in augite por -
phyry coun try rocks.



75 km along strike to the north west and the Sugarloaf phase 
of the Endako Batholith, dated at 171 ±1.7 Ma (40Ar/39Ar;
Villeneuve et al., 2001) about 90 km to the south east. The
de for ma tion event that pro duced the strong lineation dis -
played by these pyroclastic strata must be younger than
ca. 171 Ma.

BOLING POINT: BIOTITE GRADE
METATUFF, SAMPLE MMI06-24-4

Late Tri as sic augite por phy ritic vol ca nic and re lated
sed i  men tary rocks are in pre sumed con tact  with
serpentinized ultra mafic rocks along their east ern mar gin
(Mac In tyre and Schiarizza, 1999) in the Boling Point area,
but the con tact is ob scured by surficial de pos its. At the sam -
ple lo cal ity, augite por phyry brec cia con tains sparse, pos si -
bly andesitic, clasts con tain ing euhedral bi o tite book lets.
Bi o tite was ex tracted from one of these clasts for geo chron -
ol ogi cal age de ter mi na tion and yielded a cooling age of
134.65 ±0.74 Ma (Table 3).

Elon ga tion fab rics at the sam ple lo cal ity are sim i lar to
other parts of the Late Tri as sic pack age near Boling Point
and the Mid dle Ju ras sic sec tion at Cunningham Lake. To
the im me di ate east, how ever, polydeformed, fine-grained
tuffaceous sed i men tary rocks may have been de formed into 
sheath folds (Fig 9). In con sid er ation of the protolith age of
the sam ple from Cunningham Lake (ca. 171 Ma), the strong 
meta mor phic fab ric was prob a bly im parted on this belt of
rocks between ca. 171 and ca. 135 Ma.

Riske Creek area

Two K-Ar whole rock ages are re ported from un named 
Eocene vol ca nic rocks in the Riske Creek area. They are
52.2 ±2 Ma and 50 ±1.4 Ma (Hunt and Roddick, 1994). A
clean fresh sam ple of hornblende-por phy ritic tuff was col -
lected to ob tain a more ro bust 40Ar/39Ar age. The aim was to 
test the chronostratigraphic cor re la tion of these rocks with
lithologically sim i lar rocks more than 100 km to the west-
north west, now the sub ject of geo log i cal in ves ti ga tion
(Mihalynuk et al., 2008), and a grow ing body of ra dio met -
ric age data that points to a vo lu mi nous ca. 52 Ma erup tive
ep och (Rid dell et al., 2007).

RISKE CREEK: IGNIMBRITIC TUFF,
SAMPLE MMI06-34-8

Slab by-weath er ing, cream-col oured dacitic ignimbrite 
cool ing units are stacked more than 100 m thick near the
sam ple site. Lahar lay ers up to 5 m thick lo cally sep a rate the 
dacite flows. Lapilli com pac tion and flow fab rics dip shal -
lowly east-north east, de fined partly by the align ment of
oxyhornblende (10%) and bi o tite (1%, not pres ent in dated
sam ple), to gether with trails of feld spar (40%) and quartz
(15%), in a fine-grained, cream-col oured ma trix. These
rocks are jux ta posed across a steeply dip ping, north-
trending fault with Pa leo zoic chert and argillite of the
Cache Creek com plex (Mihalynuk and Harker, 2007).

Hornblende sep a rated from a sam ple of the fresh est
a n d  d e n s  e s t  d a c i t e  y i e l d e d  a  4 0 A r / 3 9 A r  a g e  o f
51.65 ±0.58 Ma. Pre vi ously re ported K-Ar age de ter mi na -
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Fig ure 8. Lineation of fel sic clasts within ex po sures near
Cunningham Lake.

Fig ure 9. Pos si ble sheath folds within epidote-chlorite-al tered
tuffaceous siltstone and fine-grained sand stone are out lined in
black marker.



tions (Hunt and Roddick, 1994) were from sam ples of ba -
saltic an de site and dacite tuff col lected ap prox i mately
0.75 km west and ap prox i mately 5 km south west of sam ple
site MMI06-34-8. The dacite tuff sam pled and re ported on
by Hunt and Roddick (1994) is likely the same unit that is
re ported on here. The two ages are iden ti cal within lim its of
er ror. The rocks are equiv a lent in age to the Ootsa Lake
Group to the north west and the Kamloops Group to the
southeast.

Iron Mask batholith

The Iron Mask batholith is an im por tant cop per-gold
re source as it con tains at least eight sep a rate alkalic, por -
phyry-style cop per-gold-sil ver de pos its; five of which are
sig nif i cant past pro duc ers. Phyllitic fab rics and mi nor folds 
are lo cally de vel oped in parts of the batholith (Lo gan et al.,
2007). Fab rics with sim i lar ori en ta tion are well de vel oped
within the Late Tri as sic arc strata out side the west ern mar -
gin of the batholith. This de for ma tion could af fect the dis -
tri bu tion of min er al iza tion within the batholith; there fore, it 
is im por tant to un der stand its tim ing as a first step to
determining the cause of the deformation.

CHERRY CREEK TECTONIC ZONE
PHYLLITE, SAMPLE MMI04-11-7B

In the most coarsely crys tal line sam ples of the phyllite
unit, in di vid ual mica crys tals can be dis cerned in hand sam -
ple. A sam ple of this cal car e ous quartz-mica schist was col -
lected from a low, white-weath er ing out crop ap prox i -
mately 2 km south of Jacko Lake. Un for tu nately, the
sam ple was not suf fi ciently coarse-grained to per mit sep a -
ra tion of white mica, so a whole rock de ter mi na tion was
per formed. It yielded an Eocene 40Ar/39Ar age of
53.39 ±0.45 Ma.

Nu mer ous sam ples col lected from within 20 km north
and south of Jacko Lake dis play early Ter tiary cool ing ages
(Matthews, 1964; Preto et al., 1979; Breitsprecher and
Mortensen, 2004), but none are from the Me so zoic vol ca -
nic sec tion. Two cool ing ages for sam ples of por phy ritic
granodiorite of the Nicola batholith (Preto et al., 1979) col -
lected from sites ap prox i mately 6 and 8 km to the south-
south east of sam ple site MMI04-11-7b were in ter preted on
later com pi la tions as hav ing a crys tal li za tion age of Late
Tri as sic–Early Ju ras sic (Kwong, 1987; Massey et al.,
2005). The ages are 50.3 ±0.4 Ma (40Ar/39Ar, Ghosh, 2003)
and 51.8 ±2 Ma (K-Ar, Preto et al., 1979). Vol ca nic strata of 
the Kamloops Group, sam pled ap prox i mately 18 km to the
north (approx. 1 km north of Kamloops Lake, Fig 1), have
pro duced a cool ing age of 50 ±4 Ma (Matthews, 1964).
This sam ple site is within 100 m of an Eocene pluton that is
part of the Bat tle Bluff plutonic com plex (Massey et al.,
2005), and the age may partly reflect cooling of that body.

Duc tile Eocene de for ma tion may be re lated to em -
place ment of an Eocene com po nent of the Nicola batholith,
rec og nized by Preto et al. (1979) but not rep re sented in sub -
se quent com pi la tions. De for ma tion of this age has not been
widely ac knowl edged in this re gion. Such de for ma tion
may have sig nif i cant im pli ca tions for min eral ex plo ra tion,
par tic u larly as deeper struc tural lev els of the Iron Mask
batholith are targeted.
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Origin of the Kootenay Lake Metamorphic High,
Southeastern British Columbia

by D.P. Moynihan1 and D.R.M. Pattison1
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mor phism, struc tural ge ol ogy, Ter tiary ex ten sion, nor mal
fault ing, dif fer en tial exhumation

INTRODUCTION

A nar row, elon gate re gion of an oma lously high meta -
mor phic grade runs par al lel to Kootenay Lake, in the cen -
tral part of the Kootenay Arc, south east ern Brit ish Co lum -
bia. Meta mor phic grade ranges from the chlorite/bi o tite
zones on the flanks to the sillimanite+K-feld spar zone in
the cen tre of the high. In this pa per, we pres ent a sum mary
of struc tural, meta mor phic and geo chron ol ogi cal data and
dis cuss the or i gin of this pat tern. It is sug gested that the
meta mor phic high re sults from dif fer en tial ex hu ma tion
dur ing early Tertiary extensional deformation.

Background Geology

The Kootenay Arc is a nar row, curvilinear, meta mor -
phosed and polydeformed re gion strad dling the bound ary
be tween rocks formed on the North Amer i can con ti nen tal
mar gin and those de vel oped in an oce anic set ting to the
west (Klepacki, 1985; Colpron and Price, 1995; Thomp son
et al., 2007). It ex tends in an east ward-con vex arch from
north ern Wash ing ton State to Revelstoke, BC, and lies on
the west ern flank of the Purcell Anticlinorium, an area
char ac ter ized by open folds of Mesoproterozoic to
Neoproterozoic strata. The tran si tion from the Purcell
Anticlinorium into the Kootenay Arc is char ac ter ized by an
in crease in meta mor phic grade and com plex ity of de for ma -
tion, and a de crease in stratigraphic age (Warren, 1997).

Neoproterozoic to Tri as sic metasedimentary and
meta vol can ic rocks host nu mer ous Mid dle Ju ras sic (ca.
165 Ma) and mid-Cre ta ceous (ca. 115–100 Ma) gra nitic
plutons and mi nor in tru sive bod ies (Fig 1). The old est units
are the quartz ite-dom i nated Hamill Group and the car bon -
ate Badshot-Mohican For ma tion. These are sim i lar to co -
eval strata in the Purcell and Rocky moun tains, whereas the
over ly ing Lardeau Group dif fers from rocks of sim i lar age
far ther east (Colpron and Price, 1995). The Lardeau Group
com prises black, grey and green schist,  argillite,
calcsilicate and quartzofeldspathic gneiss, mar ble, quartz -
ite, metaconglomerate and metabasite (Fyles, 1967; Hoy,

1980). It is un con form ably over lain by the Milford Group,
which in cludes mar ble, si li ceous argillite, schist and chert.
This is fol lowed by the Kaslo Group, a pack age of mafic
vol ca nic and volcaniclastic rocks. The youn gest unit, the
Slocan Group, is dom i nated by argillite and lime stone. A
sum mary of rock types and their ages is included in
Figure 1.

There is a gen eral west ward-younging trend in the
rock units across the Kootenay Arc. This is partly due to a
se ries of subparallel nor mal faults mapped by Fyles (1967)
on the west side of Kootenay Lake. Three ma jor west-dip -
ping faults were rec og nized. From east to west, these are
the Lakeshore, Jo se phine and Gallagher faults (Fig 1, 2).
The Schroeder fault is prob a bly a con tin u a tion of the
Lakeshore fault north of Kaslo (Klepacki, 1985).

The Mid dle Ju ras sic plutonic suite is rep re sented by
the calcalkaline Nel son batholith and as so ci ated mi nor
bod ies. The Nel son batholith is an 1800 km2 body in truded
dur ing the in ter val 173 to 159 Ma (Ghosh, 1995). It ranges
in com po si tion from diorite to gran ite, but is dom i nated by
por phy ritic hornblende granodiorite. The Nel son batholith
is un af fected by duc tile de for ma tion, ex cept for nar row
zones along its east ern mar gin and south ern tail. It is trun -
cated on its west ern mar gin by the Eocene Slocan Lake
(nor mal) fault (Carr et al., 1987), but an in tru sive mar gin is
pre served along much of its east ern bound ary. A con tact
meta mor phic au re ole is lo cally well de vel oped around its
intrusive margins (Pattison and Vogl, 2005).

The sec ond ma jor plutonic suite was in truded dur ing
the in ter val 117 to 100 Ma. Rock types in clude hornblende
and bi o tite granodiorite, bi o tite gran ite and two-mica gran -
ite, which are in ter preted to have been de rived from crustal
anatexis (Brandon and Lam bert, 1993). The larg est bod ies
of this age in the area are the Fry Creek and Bayonne
batholiths, which are for the most part undeformed. De -
formed equiv a lents in clude the Baldy pluton and nu mer ous
mi nor sheet-like bod ies in higher grade ar eas. Lo cally, ig -
ne ous sheets make up a high per cent age of the coun try rock, 
re sult ing in gradational mar gins to parts of the Baldy
pluton, the Proc tor pluton and the Shoreline stock.

STRUCTURAL RELATIONS

Deformations D1 and D2

The out crop pat tern in the cen tral Kootenay Arc is
dom i nated by two gen er a tions of re gion ally de vel oped
folds (Fig 1, 2; Fyles, 1964, 1967; Hoy, 1980; Leclair,
1988). The ear li est folds are a se ries of high-am pli tude
isoclines with an ax ial-pla nar schistosity con tain ing a
gently plung ing stretch ing lineation. The most clearly de -
fined F1 folds are west ward-clos ing re cum bent anticlines
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Fig ure 1. Ge ol ogy of the cen tral Kootenay Arc, com piled from Fyles (1964) and Reesor (1996). The lines of cross-sec tions
shown in Fig ure 2 are dis played.
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Fig ure 2. Ver ti cal cross-sec tions across the cen tral Kootenay Arc from Fyles (1964; A–A’), Klepacki (1985; B–B’), Brown et al. (1981; C–
C’) and Leclair (1988; D–D’). No ver ti cal ex ag ger a tion. The lines of sec tion are shown in Fig ure 1.



cored by the Hamill Group. The larg est of these, the
Riondel nappe (equiv a lent to the Meadow Creek anticline
in the Duncan Lake area), has a 20 km long over turned
lower limb (Fig 2a, c). Folds with sim i lar ge om e try and
char ac ter is tics are also de vel oped in the Me so zoic strata
ex posed west of Kootenay Lake, but their full def i ni tion is
hin dered by a lack of con tin u ous marker ho ri zons. The
main body of the Nel son batholith is undeformed, but fo li -
ated mi nor bod ies of ap prox i mately the same age in di cate
the age of D1 is Middle Jurassic (Warren, 1997).

The F1 isoclines were co ax i ally re folded around gently
plung ing F2 axes, giv ing rise to a type 3 in ter fer ence pat tern
(Ramsay, 1967). Sec ond-gen er a tion (F2) ax ial planes gen -
er ally dip gently to mod er ately steeply to the west, but
steepen to wards higher struc tural lev els in the Purcell
Anticlinorium (Hoy, 1980). The F2 axes plunge gently
north over most of the area, as do L2 stretch ing (min eral and
elon ga tion) lineations, re sult ing in ex po sure of pro gres -
sively lower struc tural levels towards the south.

There is spa tial vari a tion in the in ten sity of D2 de for -
ma tion. In the north ern part of the area, and west of the
Gallagher fault (i.e., at higher struc tural lev els), F2 folds are 
open to close, and are out lined by S1 and trans posed S0. Sec -
ond-phase schistosity (S2) com monly forms a cross cut ting
spaced or crenulation cleav age, but rarely forms the dom i -
nant schistosity in the rock. Mi nor F2 folds have curvilinear
hinges, which lo cally di verge slightly from the trend of the
L2 stretch ing lineation. East of the Gallagher fault in the
south ern part of the area (lower struc tural lev els), D2 folds
are tight to iso cli nal and S2 forms a con tin u ous schistosity;
S1 is un rec og niz able out side of the hinge zones of com pe -
tent lay ers. Sec ond-gen er a tion (F2) fold hinges are rec ti lin -
ear and are in vari ably par al lel to the well-de vel oped L2

stretch ing lineation. Low-an gle cut offs and dis con tin u ous
lithological se quences in di cate lo cal trans po si tion of pri -
mary compositional lay er ing par al lel to S2. The tighter
folds, straight en ing of fold hinges, and par al lel ism be tween 
fold axes and the stretch ing lineation are man i fes ta tions of
higher D2 strain. There is, there fore, a broad cor re spon -
dence be tween struc tural level and in ten sity of D2. This
vari a tion is ev i dent across the nor mal faults (par tic u larly
the Gallagher and Schroeder faults) on the west side of
Kootenay Lake (Fig 2). In the hangingwall of the Gallagher
fault, S1 is the dom i nant pla nar fab ric and it is folded by
open F2 folds; S1 is trun cated against the fault. In the
footwall, F2 folds are tighter and S2 is well developed.

The 115 Ma Fry Creek batholith (Brandon and Lam -
bert, 1993) trun cates D2 folds and fab rics in the east ern part
of the Riondel area. How ever, the north ern part of the
117 Ma Baldy pluton is de formed by D2 struc tures (Leclair,
1988). Al though D2 is os ten si bly mid-Cre ta ceous, the pos -
si bil ity that D2 is diachronous and/or com pos ite can not be
ruled out.

Deformation D3

First (D1) and sec ond-gen er a tion (D2) struc tures share
com mon char ac ter is tics for great lengths along strike, and
have been ten ta tively cor re lated along much of the arc,
from Salmo to the cen tral Lardeau area (Fyles, 1967). This
along-strike con ti nu ity con trasts with the dis tri bu tion of
later (D3) struc tures. There is a change in the na ture of D3

de for ma tion around the lat i tude of the West Arm (Fig 1),
where the trend of Kootenay Lake changes from south to
south-south east. Two dis tinct styles of later (D3) de for ma -

tion are ev i dent; these are re ferred to as D3N and D3S (sub -
scripts ‘N’ and ‘S’ stand for north and south, re spec tively).
Al though de scribed in se quence here, no age relationship
between the two is implied.

DEFORMATION D3N

In the cen tral and north ern parts of the area, east of the
Gallagher and Schroeder faults, shear bands are vari ably
but ubiq ui tously de vel oped in micaceous ho ri zons (Fig 3a,
b). Shear bands cut down to the west more steeply than S2

fo li a tion, and bound lenses of rock that dis play sigmoidal
de flec tions of S2 fo li a tion into the shear bands. The L2

stretch ing lineation is folded around the open (F3N) hinges.
The shear bands range from sharp (com monly chlorite-
rich) cleav age-form ing sur faces with dis crete off sets, to
broader, more dif fuse, in clined shear zones. These fab rics
are re ferred to as S-C’ fab ric, extensional crenulation cleav -
age or shear band fo li a tion (Platt and Vissers, 1980; Ponce
de Leon and Chouckroune, 1980; White et al., 1980), and
re cord ex ten sion of S2 dur ing west-side-down duc tile
shear ing (Wil liams and Price, 1990). Shear bands merge
with S2 and are lat er ally dis con tin u ous. The shear bands
and their as so ci ated folds/extensional crenulations im part
an ir reg u lar, un du la tory char ac ter to the S2 sur face; F3N

hinges have a pre ferred ori en ta tion, but they are dis con tin u -
ous and non-cy lin dri cal. Shear bands and as so ci ated folds
are de vel oped on a centi metre scale in pelitic lay ers, but
metre-scale folds with the same ge om e try are also ev i dent
on the east shore line of Kootenay Lake in the Riondel area
(the F3 warps of Living stone, 1968 and Hoy, 1980). Hinges
of F3N folds and in dis tinct shear band — S2 in ter sec tions
plunge gently to mod er ately steeply south west through out
the af fected area. Third-gen er a tion de for ma tion (D3N) fab -
rics are re stricted to the footwall of the Gallagher and
Schroeder faults. They ex tend east ward from the fault a
hor i zon tal dis tance of >10 km (>5 km struc tural thick ness),
but much of the most in tensely de vel oped shear band fo li a -
tion is found in the im me di ate footwall of the Gallagher
fault.

The north west mar gin of the mid-Cre ta ceous Fry
Creek batholith is also af fected by west-side-down duc tile
shear ing (Fig 3d). Al though the re main der of the batholith
is undeformed, this zone dis plays S-C fab rics (Berthé et al.,
1979). The af fected area is along strike from a nor mal fault
that trun cates the Meadow Creek anticline, which it self lies
within the re gion of dif fuse west-side-down duc tile
shearing (Fig 2).

The Gallagher fault (and Schroeder fault fur ther north) 
marks the up per (west ern) bound ary of D3N de for ma tion;
west-side-down S-C’ fab rics are not de vel oped in the
hangingwall to any sig nif i cant de gree. A broad re gion in
the footwall is char ac ter ized by wide spread, vari ably in -
tense, duc tile nor mal-sense fab rics ac com pa nied by dis -
crete nor mal faults. Al though there is no di rect ev i dence,
the duc tile fab rics and dis crete faults are in ter preted as hav -
ing formed ap prox i mately syn chro nously, based on spa tial
distribution and kinematic compatibility.

DEFORMATION D3S

Whereas D3N re sulted in ex ten sion of S2, S2 was short -
ened in the area af fected by D3S. Short en ing is man i fested in 
buckle folds and crenulations of S2, with L2 folded around
hinges (Fig 3e, f). Third-gen er a tion (F3S) buck les range
from open to tight, and lo cally an ax ial-pla nar S3 schistosity 
is de vel oped. Third-gen er a tion (F3S) folds plunge ei ther
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Fig ure 3. a) An ex am ple of S-C’ fab ric in Milford Group schist in the footwall of the Gallagher fault. b) Pho to mi cro graph of S-C’ fab ric in
Hamill Group schist, east side of Kootenay Lake. c) Subhorizontal stretch ing on S1 is in di cated by quartz-filled strain shad ows on py rite from 
the Slocan Group west of the Schroeder fault (width of photo is 5 cm). d) An ex am ple of S-C fab ric in di cat ing west-side-down shear ing on
the north west mar gin of the Fry Creek batholith. e) Discontinuous F3S hinges in the Hamill Group, Crawford Pen in sula. f) South west-plung -
ing F3S folds show ing steeply plung ing L2 pass ing around hinges.



south west or north west; over most of the Crawford Pen in -
sula, F3 folds plunge gently to the south west (Fig 4). Ax ial
planes dip mod er ately steeply north west or south east, de -
pend ing on the ori en ta tion of the S2–S0 en vel op ing sur face.
Hinge lines of F3S folds are curvilinear and dis con tin u ous,
un like F2 folds, which have cy lin dri cal axes par al lel to L2.
Third-gen er a tion (F3S) folds range from centi metre-scale
crenulations of micaceous lay ers and buck les of thin lay ers, 
up to folds with wave lengths >100 m. De for ma tion D3S cor -
re lates with the D3 of Leclair (1988) in the north ern part of
the Midge Creek area (south of the West Arm), and may
con tinue fur ther south.

RELATIONSHIP BETWEEN D3N AND D3S,
AND TIMING OF D3

The ar eas af fected by D3N and D3S are ap prox i mately
out lined in Fig ure 5. A ques tion arises as to the tim ing re la -
tion ship be tween D3N and D3S, and the rea son for the
change in the na ture of D3 around the bend in Kootenay
Lake. De for ma tions D3N and D3S af fect the same rock units.
There is no dif fer ence in the na ture of the lay er ing that
could lead to pref er en tial de vel op ment of buck les/shear
bands in one area over the other. There is also no sys tem atic
dif fer ence in the ori en ta tion of the lay er ing be tween the two 
ar eas. It is there fore con cluded that there was spa tial vari a -
tion in the ki ne mat ics of D3 de for ma tion.

The lo ca tion of the change be tween D3N and D3S — the
bend in Kootenay Lake — co in cides with the tip zone of the 
Purcell Trench fault, an Eocene extensional struc ture
(Archibald et al., 1984; Doughty and Price, 1999). There is
no rea son why D3S should be re stricted to the tip zone of the
fault, or that the change from D3N to D3S should oc cur at this
lo ca tion, un less the duc tile D3S de for ma tion is ge net i cally
linked to the de vel op ment of the Purcell Trench fault. As
the age of the fault is known (Eocene), so is the age of D3S.
Given the re la tion ship of D3N to the early Ter tiary
Gallagher fault and the lack of over print ing re la tion ships
be tween D3N and D3S, this is most likely also the age of D3N.

METAMORPHIC
CONSIDERATIONS

The con fig u ra tion of isograds based
on the dis tri bu tion of in dex min er als in
pelitic rocks is shown in Fig ure 5. Pelitic
lay ers are widely dis trib uted, but they are
com monly thin and dis con tin u ous, and
make up a small per cent age of the rock
vol ume. Their sparse oc cur rence in some
ar eas in tro duces un cer tainty into the ex act 
po si tion of isograds, but their wide dis tri -
bu tion fa cil i tates the rec og ni tion of trends
in meta mor phic grade. While fu ture iden -
ti fi ca tion of im por tant as sem blages may
lo cally shift the po si tion of some isograds, 
the re gional pat tern is well es tab lished.
Isograds south of the study area (in the
southernmost part of Fig 5) are more
poorly constrained.

Isograds run ap prox i mately par al lel
to  s tr ike a long the  cen t ral  part  of
Kootenay Lake, but di verge from strike
and con verge in the north ern Kootenay
Lake – Duncan Lake area. South of the
bend in Kootenay Lake, isograds also

transect strike; they run ap prox i mately par al lel to the
Purcell Trench fault (PTF), which marks the east ern bound -
ary of the Priest River com plex (Doughty and Price, 1999).
The am phi bo lite fa cies belt of cen tral and north ern
Kootenay Lake is con tin u ous with the Priest River com -
plex. At the lat i tude of Creston, to the south, there is a grad -
ual de crease in grade west ward from the PTF, a pat tern that
likely con tin ues north ward to wards the bend in the lake.
North of here, the west ern bound ary of the am phi bo lite-fa -
cies belt is for the most part fault-bounded, whereas there is
a monotonic de crease in meta mor phic grade on its east side, 
from the sillimanite+K-feld spar zone in the cen tre of the
high to the bi o tite zone in the Purcell Anticlinorium. The
high est grade rocks are >5 km east of the fault, around the
shoreline of Kootenay Lake.

The Gallagher fault marks the west ern bound ary of the
Barrovian meta mor phic high along the cen tral part of
Kootenay Lake, and it jux ta poses two con trast ing meta -
mor phic field gra di ents. Pelite in the footwall di rectly east
of the fault con tains gar net and staurolite, with kyan ite in
con tem po ra ne ous quartz-rich veins (Fig 6a). The fault
marks the gar net and staurolite ‘isograds’. East ward from
here, the grade in creases, with pelitic rocks con tain ing the
as sem blages gar net-staurolite-kyan ite, gar net-kyan ite,
gar net-kyan ite-sillimanite, gar net-sillimanite and gar net-
sillimanite-K-feld spar (all with mus co vite, bi o tite, quartz,
plagioclase and ac ces sory min er als). Porphyroblasts are
wrapped by S2, and elon gate porphyroblasts (staurolite,
kyan ite, sillimanite) are aligned (L2) par al lel to D2 fold
axes. De for ma tion D2 is mid-Cre ta ceous, and Leclair et al.
(1993) also in ter preted this as the age of peak meta mor -
phism.

 Rocks in the hangingwall of the fault re cord a dif fer ent 
meta mor phic his tory. At the lat i tude of Fig ure 2c, rocks in
the hangingwall dis play a Buchan (low pres sure) con tact
au re ole se quence (Pattison and Vogl, 2005). Rocks im me -
di ately west of the fault are low-grade chlorite-mus co vite-
bear ing phyllite; meta mor phic grade in creases to wards the
Nel son batholith, with hornfelsic bi o tite-staurolite-an da lu -
site (±gar net) and bi o tite-sillimanite-gar net as sem blages
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Fig ure 4. Struc tural data from the south west-fac ing shore line of the Crawford Pen in -
sula, show ing the fold ing of D2 struc tures around F3S axes.



de vel oped close to its mar gin (Fig 6b). South ward from the
lat i tude of Fig ure 2c, this low-pres sure car a pace (com pris -
ing the con tact au re ole and low-grade phyllite out side it) is
pro gres sively cut out by the Gallagher fault. It is ab sent
from the east ern most part of the Nel son batholith, where
the Gallagher fault sep a rates de formed por phy ritic
granodiorite from Barrovian gar net-staurolite (+ vein
kyan ite)-bear ing pelite.

An ap pre ci a tion for the sig nif i cance of the meta mor -
phic con trast across the Gallagher fault is gained by con sid -
er ing the pres sure-tem per a ture con di tions un der which as -
sem blages on ei ther side of the fault formed. Fig ure 7
dis plays the sta ble min eral as sem blage as a func tion of
pres sure and tem per a ture for a rock with the com po si tion of 
an av er age pelite. The tem per a ture ranges of the two sets of
as sem blages over lap, but there is a dif fer ence in pres sure.
Rocks in the con tact au re ole (hangingwall) were meta mor -
phosed dur ing the in tru sion of the Nel son batholith at 3.5 to
4 kb, which is equiv a lent to ap prox i mately 12 to 14 km (for
a crustal den sity of 2900 kg/m3). Kyan ite-bear ing
Barrovian rocks in the footwall were meta mor phosed at ap -
prox i mately 7 kb, or a depth of around 25 km.

4 0ARGON- 3 9ARGON GEOCHRONOLOGY

Archibald et al. (1984) car ried out an ex ten sive
40Ar/39Ar study con cen trated on the south ern-cen tral part
of the Kootenay Arc. They doc u mented a trend whereby
am phi bo lite-fa cies rocks in the cen tre of the meta mor phic
high yield early Ter tiary mica cool ing ages, whereas rocks
in lower grade ar eas cooled ear lier. North of the bend in
Kootenay Lake, there is a monotonic rise in bi o tite cool ing
ages, from <55 Ma in the cen tre of the meta mor phic high to
>90 Ma in the cen tral Purcell Anticlinorium (Fig 8). The
west ern mar gin of the am phi bo lite-fa cies belt was not stud -
ied, but bi o tite from the main (mid-Ju ras sic) body of the
Nel son batholith yielded Ju ras sic to early Cre ta ceous cool -
ing ages, con sis tent with ear lier stud ies.

Mathews (1983) dated sam ples along an east-west
transect around the lat i tude of Fig ure 2c (Fig 9). Sam ples
from the footwall of the Gallagher fault yielded 40Ar/39Ar
ages of 59 Ma (mus co vite) and 53 Ma (whole rock),
whereas the lone hangingwall sam ple yielded a whole-rock
cool ing age of 131 Ma (early Cre ta ceous). The Purcell
Trench fault also marks the lo cus of a dis crete change in
40Ar/39Ar cool ing ages. The dif fer ence in cool ing ages
across the Purcell Trench de creases from south to north,
lead ing Archibald et al. (1984) to con clude that the fault
dies out in the cen tral Kootenay Lake re gion, around the in -
flec tion point in the lake.

DISCUSSION

The struc tural, meta mor phic and geo chron ol ogi cal ev -
i dence pre sented above re veals con trasts in the ther mal and
tec tonic his to ries of rocks now ex posed around cen tral and
north ern Kootenay Lake. There is a sys tem atic vari a tion in
struc tural, meta mor phic and iso to pic char ac ter is tics with
struc tural level. Rocks from low struc tural lev els, in the
cen tre of the meta mor phic high, ap par ently reached peak
meta mor phic con di tions in the mid-Cre ta ceous and did not
cool be low 350°C (the clo sure tem per a ture of mus co vite)
un til the early Ter tiary, when they were ex humed by D3

extensional de for ma tion. They re cord con sid er able D2

strain, and ex pe ri enced fur ther duc tile de for ma tion dur ing
ex hu ma tion. Lower grade rocks at high struc tural lev els
were meta mor phosed and cooled ear lier, un der went mild
D2 de for ma tion and did not ex pe ri ence D3. The area west of
the Gallagher fault was de formed and meta mor phosed in
the mid-Ju ras sic and cooled through the bi o tite clo sure
tem per a ture (~250°C) by the early Cre ta ceous. It has re -
mained at high crustal lev els since then, be hav ing as a
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Fig ure 5. Isograd map of the cen tral Kootenay Arc, com piled from
Fyles (1964, 1967), Reesor (1973), Hoy (1980), Klepacki (1985),
Leclair (1988) and new data. Ticks are on the high-grade side of the 
lines. Ma jor nor mal faults are shown. The ar eas af fected by D3N

and D3S are ap prox i mately out lined, as are nor mal faults dis cussed 
in the text. De for ma tion D3S cor re lates with the D3 of Leclair (1988)
in the north ern part of the Midge Creek area (south of the West
Arm), and may con tinue fur ther south.



relatively unmodified ‘lid’, while rocks at lower levels
were metamorphosed and intensely deformed.

These dif fer ent struc tural lev els are jux ta posed across
the Gallagher fault on the west flank of the am phi bo lite-fa -
cies belt. There is a dis crete change in struc tural ge ol ogy, in
meta mor phic grade and in 40Ar/39Ar cool ing ages. This
con trasts with the east ern mar gin, where there is a
monotonic de crease in meta mor phic grade and rise in cool -
ing ages. This east-west asym me try is a first-or der char ac -
ter is tic of the meta mor phic high and is in ter preted to re flect
the con trol of the Gallagher fault and re lated extensional
s t r u c  t u r es  o n  i t s  s t r u c  t u r a l ,  me t a  mo r  p h i c  an d
thermochronological ar chi tec ture. In the Creston area,

where the PTF marks the east ern mar gin of the Priest River
com plex, there is a sim i lar, but re versed, east-west asym -
me try in grade and cool ing ages. The area south of the West
Arm is a horst sit u ated in the trans fer zone be tween the two
ma jor faults. Early Ter tiary ex ten sion did not just in volve
nor mal fault ing; there was also wide spread extensional
shearing and folding around the tip zone of the PTF.

Given the sig nif i cance of the Gallagher fault just north
of the West Arm, and the close prox im ity of Barrovian and
Buchan rocks along strike to the south (west of the Baldy
pluton), the fault prob a bly con tin ues across the West Arm.
One pos si bil ity is that it is rep re sented by the Midge Creek
fault, which sep a rates the Lardeau and Milford groups and
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Fig ure 6. a) Staurolite porphyroblasts in gar net-staurolite schist di rectly east of the Gallagher fault (footwall). Kyan ite is pres ent in veins at
this lo cal ity. Veins are synmetamorphic, as there is an in crease in the abun dance and size of porphyroblasts ad ja cent to vein bound aries.
The kyan ite is boudinaged, with a subhorizontal ex ten sion di rec tion. b) Staurolite and an da lu site porphyroblasts in con tact meta mor -
phosed pelite from the hangingwall of the Gallagher fault. This as sem blage in di cates meta mor phism un der sig nif i cantly lower pres sure
con di tions than the rock shown in a). c) Asym met ric strain shad ows on gar net porphyroblast in gar net-sillimanite schist from the Rionde l
area. Ev i dence for west-side-down shear ing such as this is re stricted to the Barrovian rocks in the footwall of the Gallagher fault.



lies be tween the con tact au re ole of the Nel son batholith and 
re gional sillimanite zone rocks (Fig 2d). To the north, the
staurolite isograd di verges from the trace of the Gallagher
fault as the con trast in meta mor phic grade across the fault
de creases. Around Kaslo, staurolite and kyan ite are re -
stricted to the footwall of the Lakeshore-Schroeder fault, as 
are D3N struc tures (Fig 5). As is the case with the Gallagher
fault fur ther south, the hangingwall con tains low-grade
phyllite, un af fected by D3N. It ap pears, there fore, that as the
Gallagher fault dies out, the Schroeder fault be comes the
ma jor struc ture mark ing the west ern bound ary of the meta -
mor phic high. The re la tion ship be tween isograds and faults 
can not be doc u mented in the Duncan Lake area due to the
north ward de crease in grade and the rel a tive scarcity of
indicative mineral assemblages.

Al though there is a ~3 kb pres sure dif fer ence be tween
the con tact au re ole and kyan ite-bear ing rocks (equiv a lent
to ap prox i mately 10 km), this can not be trans lated into an
es ti mate of ver ti cal off set across the Gallagher fault. As -
sess ment of dis place ment is com pli cated by un cer tainty in

the pres sure dif fer ence across the fault it self, in the age(s)
of Barrovian meta mor phism and in the spac ing of isobars in 
the footwall rocks.

There is a west to east in crease in meta mor phic grade
in the im me di ate footwall of the Gallagher fault, and pos si -
bly also in the pres sure of peak meta mor phism. Rocks di -
rectly east of the fault (gar net-staurolite (+ vein kyan ite)-
bear ing pelite) were meta mor phosed in the kyan ite field,
but the pres sure may not have been as high as in slightly
higher grade rocks fur ther east. This is sue will be clar i fied
with fu ture de tailed pet ro log i cal study. Low-grade phyllite
out side the con tact au re ole of the Nel son batholith was re -
gion ally meta mor phosed prior to the in tru sion of the
batholith. If the am phi bo lite-fa cies Barrovian meta mor -
phism is a sim i lar age, ex hu ma tion prior to the in tru sion of
the Nel son batholith could ac count for much of the ob -
served pres sure dif fer ence. How ever, Leclair et al. (1993)
pre sented ev i dence for a mid-Cre ta ceous age for Barrovian
meta mor phism in the sillimanite zone. If Barrovian meta -
mor phism is mid-Cre ta ceous di rectly east of the fault, this
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Fig ure 7. Min eral as sem blage sta bil ity di a gram for an av er age pelite com po si tion from Tinkham and Pattison (pers comm, 2007). The lower
shaded band in di cates the pres sure dur ing con tact meta mor phism in the hangingwall of the Gallagher fault. The up per shaded ar eas are
the gar net-staurolite-kyan ite and gar net-kyan ite fields (each with quartz, mus co vite, bi o tite, plagioclase and il men ite). These as sem blages
are de vel oped in the footwall of the Gallagher fault and in di cate pres sures ap prox i mately 3 kb higher than those in the hangingwall. This is
equiv a lent to a dif fer ence in burial depth of ~10 km. Also shown is a Thermocalc (Powell and Hol land, 1988) av er age P-T es ti mate (with 2σ
er ror el lipse) from a gar net-staurolite-kyan ite schist col lected close to the Lakeshore fault north west of the Riondel nappe. Con tact meta -
mor phism ac com pa nied the in tru sion of the Nel son batholith around 170 Ma, whereas Barrovian meta mor phism prob a bly took place in the
mid-Cre ta ceous.



rules out pre-Nel son batholith ex hu ma tion, and ap pears to
re quire a much larger off set on the fault. Planned U-Pb dat -
ing will clarify the age(s) of peak metamorphism
throughout the Barrovian sequence.

Aside from un cer tain ties in the peak meta mor phic
pres sure pro file and age(s) of Barrovian meta mor phism,
the use of meta mor phic pres sure con trasts to in fer dis place -
ment is po ten tially prob lem atic. An other com pli cat ing fac -
tor that must be con sid ered is the pos si bil ity of late-D2 de -
for ma tion of iso bars and isograds. As iso bars and isograds
be have as pas sive mark ers in the rock af ter peak meta mor -
phic quench ing, post-peak meta mor phic (late D2) thin ning
could have re sulted in tele scop ing of iso bars, thereby re -
duc ing the amount of off set re quired on the Gallagher fault
to ac count for the ob served pres sure dif fer ence. Al though
the Gallagher fault rep re sents a ma jor geo log i cal dis con ti -
nu ity, the fact that isograds di verge from the fault trace
south of Kaslo provides support for a relatively
conservative estimate.

CONCLUSIONS

The meta mor phic high in the cen tral Kootenay Arc re -
sults from dif fer en tial ex hu ma tion dur ing early Ter tiary
extensional de for ma tion. De for ma tion in volved dis crete
fault ing and duc tile footwall strain. North of the bend in
Kootenay Lake, the am phi bo lite-fa cies belt is fault-
bounded on its west side; south of the bend it is fault-
bounded on the east side. The bend in the lake marks the
area where extensional strain was trans ferred from the
Purcell Trench fault to the Gallagher-Schroeder fault sys -
tem. Nor mal fault ing was ac com pa nied by west-side-down
shear ing and ex ten sion of S2 in the footwall north of the
bend, whereas S2 was si mul ta neously buck led around the
tip zone of the Purcell Trench fault. Nor mal fault ing and re -
lated shear ing has jux ta posed rocks with different
structural and P-T-t histories.
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Fig ure 9. Cross-sec tion across the cen tral part of the Kootenay Arc, show ing the data of Mathews (1983) in re la tion to the Gallagher fault,
and em pha siz ing the asym me try in the dis tri bu tion of meta mor phic grade and cool ing ages. There is a sharp break in grade, struc tures and
cool ing ages across the fault, whereas the east side of the high is char ac ter ized by gradational changes in grade and cool ing ages.
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INTRODUCTION

Now in its third year, the Ter race re gional map ping and 
min eral po ten tial eval u a tion pro ject fo cuses on bring ing
mod ern geo log i cal con cepts to bear on the re gion around
Ter race, BC — an area that has seen com par a tively lit tle re -
cent ex plo ra tion-ori ented re gional geo log i cal work (Fig 1;
see Nel son et al., 2006a; Nelson and Kennedy, 2007a).

Geo log i cal map ping in the sum mer of 2007 has now
ex tended cov er age into the Christ Creek map area, 103I/08, 
con tin u ing south from the Usk (103I/09) area to the north
com pleted in 2005 (Nel son et al., 2006b). Two and a half
months were spent in the area, with tra verses by four-wheel
drive along main roads; on foot, bi cy cle and horse on de -
com mis sioned and over grown for est roads; and out of he li -
cop ter-ac cessed re mote camps on foot and ski, the last
made nec es sary due to ex cep tional snow lev els from the
winter of 2006–2007.

The most im por tant new geo log i cal and ex plo ra tion-
re lated ob ser va tions include

• rec og ni tion of an ex ten sive Pa leo zoic meta vol can ic
unit that stratigraphically un der lies Lower Perm ian
lime stone over a strike length of 25 km, from Zymoetz
River to Chist Creek and prob a bly beyond;

• rec og ni tion of the ex plo ra tion po ten tial of the Pa leo -
zoic vol ca nic unit, in that it con tains broad zones of
syngenetic al ter ation (quartz-seri cite schist) ac com pa -
nied by lo cal oc cur rences of volcanogenic sul phide
occurrences;

• def i ni tion of re gional north east-trending folds within
the com bined Pa leo zoic to Early Me so zoic stra tig ra -
phy;

• de lin ea tion of two fel sic marker units that serve as a
ba sis for stra tig ra phy within the Telkwa For ma tion;

• prob a bly con tin u a tion of the Eocene Skeena River de -
tach ment fault sys tem into the low est el e va tions along
Wil liams Creek, Chist Creek and the Kitimat River.

PREVIOUS WORK

The first mod ern geo log i cal map ping in the Ter race
area is by G. Woodsworth and col leagues (Woodsworth et
al., 1985; Gareau et al., 1997a, b; G. Woodsworth, un pub -
lished 1:100 000 scale maps), which has pro vided an in -
valu able frame work for sub se quent study. As part of that
pro ject, M. Mihalynuk com pleted a MSc the sis, which in -
volved map ping of ridges south of the Zymoetz (Cop per)
River (Mihalynuk, 1987); this, along with his un pub lished
field maps, gave us a much-ap pre ci ated in tro duc tion to
stra tig ra phy and struc ture in the Chist Creek map area.

GEOLOGY

Overview

Strat i fied units in the Chist Creek map area range in
age from pre-Early Perm ian to Early Ju ras sic (Fig 2, 3).
They in clude vol ca nic, volcaniclastic and over ly ing car -
bon ate strata of the Perm ian and older Zymoetz Group
(Nel son et al., 2006a), over lain by ex ten sive ex po sures of
the mainly subaerial vol ca nic Howson fa cies of the Early
Ju ras sic Telkwa For ma tion (see Tip per and Rich ards,
1976). The se quence is de formed into a broad, re gional
north east erly plung ing anticline cored by the pre-Perm ian
vol ca nic unit. On the limbs, faulted pan els of Telkwa For -
ma tion strata dip to the east and north-north east (Fig 2, 3).
This folded Pa leo zoic to Early Me so zoic strati graphic se -
quence, along with Early Ju ras sic granitoid rocks of the
Kleanza pluton, lies in the hangingwall of the Skeena River
fault sys tem. The Skeena River fault sys tem is a zone of re -
gional de tach ment lo cated within the Skeena River val ley,
with in ter preted early thrust and later, Eocene nor mal, top-
to-the-north east sense of mo tion (Gareau et al., 1997a, b;
Nel son and Ken nedy, 2007a, b). A few out crops of
ductilely de formed meta vol can ic and plutonic rocks in the
Wil liams Creek, Chist Creek and Kitimat River val leys
prob a bly con sti tute a con tin u a tion of the de tach ment sur -
face. Undeformed gran ite and granodiorite of the Wil liams
Creek pluton cuts both the hangingwall panel and the
ductilely de formed zones. This pluton is as sumed to be of
Eocene age, in that it closely resembles the Carpenter Creek 
pluton in the Usk map area to the northwest.

Stratified Units

ZYMOETZ GROUP

The name Zymoetz Group was pro posed by Nel son el
al. (2006a) for a sec tion of Perm ian volcanogenic and ma -
rine sed i men tary strata over lain by lime stone that out crops
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within and south of the lower Zymoetz River val ley in the
Usk map area. These strata have now been traced over
25 km to the south in the lower reaches of Chist Creek, and
may well ex tend far ther south and west. The Zymoetz
Group is di vided into two units: a lower, volcanogenic unit
named the Mount Attree volcanics, over lain by Lower
Perm ian lime stone that is age-equiv a lent to, and cor re la tive 
with, the Am bi tion For ma tion of Gunning et al. (1994).

Mount Attree Volcanics

This unit is named for Mt Attree, a prom i nent sum mit
on the ridge be tween the Zymoetz River and Wil liams
Creek. Its dom i nant com po si tion is andesitic and it is seen
as flows, pyroclastic and epiclastic beds (Fig 4).

On Mt Attree and along the ridge to the east, dark green 
plagioclase and augite-phyric an de site and ba salt flows are
interbedded with vol ca nic brec cia and lapilli tuff, with mi -
nor mar ble and calcsilicate lay ers. At two lo cal i ties 7 km
east of Mt Attree, the up per part of the unit is an un usual
suc ces sion of rhy o lite, quartz-seri cite schist, grey cor di er -
ite-bear ing gra phitic phyllite and con glom er ate (Fig 2; Nel -
son et al., 2008). The lower con glom er ate beds interfinger
with black argillite, phyllite and greywacke; they grade up
into fossiliferous calcirudite with si li ceous, tuffaceous
laminae. Clasts tend to be very well rounded, in con trast to
the more subrounded to an gu lar clasts in the basal Telkwa
con glom er ate rocks. They are dom i nantly of si li ceous com -
po si tion, a fur ther sug ges tion of ma tu rity and sig nif i cant re -
work ing. Clasts in clude recrystallized chert and argillite,
plagioclase-rich dacite, and large, embayed sin gle quartz
pheno crysts, en closed in a vari ably fo li ated ma trix of seri -
cite, quartz, bi o tite, actinolite and in some cases,
postkinematic an da lu site. The high de gree of fo li a tion
within this se quence con trasts with the lime stone above it,
and sug gests that an ep i sode of de for ma tion af fected the
unit prior to the de po si tion of the over ly ing lime stone.
North of the pres ent area, tuff within the up per part of the
volcanogenic unit have yielded a ca. 285 Ma, Early
Permian, U-Pb age (Gareau et al., 1997a).

South of Wil liams Creek, well-bed ded volcaniclastic
units — fine-grained an de site, dacite and rhy o lite tuff and
lesser coarse plagioclase and augite-phyric vol ca nic brec -
cia — are more abun dant than flows. The de gree of fo li a -
tion and meta mor phic grade in creases to wards the south
and west. The dark green phyllite that out crops along Chist
Creek was prob a bly the source of its name, as lo cals pro -
nounce it ‘Schist Creek’. The suc ces sion south of Wil liams
Creek con tains an up per marker unit com posed of thinly
bed ded epiclastic sand stone, mudstone and tuff; and a
lower unit of thin calcsilicate and mar ble interlayered with
tuffaceous phyllite. These units de fine a gently warped
trend (Fig 2). Fac ing di rec tions along it are to the north east
and south east, and no struc tural rep e ti tion is in di cated. On
the ridge be tween Wil liams and Chist Creek, a broad area of 
quartz-seri cite schist al ter ation and strong gos san de vel op -
ment occurs within the Mt Attree volcanics (Fig 5).

Al though heavily masked by al ter ation, fel sic in tru -
sive and ex tru sive phases form an in te gral part of this sys -
tem, which is de scribed in a sep a rate pa per (McKeown et
al., 2008). Within the quartz-seri cite schist, there are small,
wide spread ar eas of base-metal sulphides; and a new show -
ing, the Sub, con tains bar ite as well sil ica-fa cies al ter ation
zones that to gether de fine a small syngenetic exhalitive
sys tem (McKeown et al., 2008).

The Mt Attree volcanics are a newly de fined unit that
oc cu pies an area as signed to the Ju ras sic Telkwa For ma tion 
on ear lier re gional maps (cf. Woodsworth et al., 1985). Al -
though some rock types within it, such as plagioclase and
augite-phyric an de site brec cia, re sem ble the lower Telkwa,
it dif fers crit i cally from the Telkwa in a num ber of im por -
tant respects:

• It is depositionally, prob a bly un con form ably, over lain
by Perm ian lime stone, which forms a con tin u ous band
from the ridge east of Mt Attree, to the ridge west of
Flat Top Moun tain.

• It con tains mar ble, calcsilicate and black phyllitic units 
that are in com pat i ble with the ter res trial or i gin of the
Telkwa For ma tion in this area.
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Fig ure 1. Lo ca tion of the Chist Creek map area near Ter race, BC.
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Fig ure 2. Ge ol ogy of the Chist Creek map area, com piled from 1:20 000 field maps com pleted in 2007 (Nel son et al., 2008).



162 Brit ish Co lum bia Geo log i cal Sur vey

484848

103I/15103I/15 103I/16103I/16

103I/10103I/10 103I/09103I/09

103I/15 103I/16

103I/10 103I/09

103I/08103I/08103I/08

555565

555535 555535

505040

505050

505060

505040

505050

505070

808080

757575

606060

555555

404040

505050

404040

505050

555555

555555

707070

404040

656565

757565

757575

303030

656565

505050

808080

757575858585

858585

757575

505050

505050

252525

101010

252525 353535

101010

555555

757575

656565

5555

6060

5050

5050

5050

5555

8080

5050

4040

2525

5555

2525

5050 5050

45454040

2525
3030

3030 3030

1515

3030

5050

4545

4040

5050

3535

2525

55

50

60

50

50

50

55

80

50

40

25

55

25

50 50

4540

25
30

30 30

15

30

50

45

40

50

35

25

2020

2525

3535

5555

4040

3535

8585

3535

3030

2020

2525

4040

1515

5050 7575

5555

6565

3030

2525

20

25

35

55

40

35

85

35

30

20

25

40

15

50 75

55

65

30

25

303030

GitausGitaus

UskUsk

Kleanza Creek

Kleanza Creek

iver

 R
tz

eomyZ

iver

 R
tz

eomyZ

demash

im

 C

hC

reek

demash

im

 C

hC

reek

Legate Creek

Legate Creek

S
k

e

r

e
n

v
e

a 
R

i

S
k

e

r

e
n

v
e

a 
R

i

Treasure
Mountain
Treasure
Mountain

Mt.
Pardek

Mt.
Pardek

E RANGE

ITNROB

E RANGE

ITNROB

Kleanza
Mountain
Kleanza

Mountain

Bornite
Mountain
Bornite

Mountain

Terrace
Mtn.

Terrace
Mtn.Kitsumkalum

Mtn.
Kitsumkalum

Mtn.

KitselasKitselas

t
w

o
e

N
w

n
 C

.r

t
w

o
e

N
w

n
 C

.r

K
it

s
u

m
k
a
lu

m
 L

a
k
e

K
it

s
u

m
k
a
lu

m
 L

a
k
e

K
itsum

kalum
 R

iver

K
itsum

kalum
 R

iver

Fiddler 
Lk.

Fiddler 
Lk.

RosswoodRosswood

Maroon
Mountain
Maroon

Mountain

Mt. KnaussMt. Knauss

DoreenDoreen

Mt. Sir RobertMt. Sir Robert

Mt. QuinlanMt. Quinlan

Maroon Creek
Maroon Creek

Mt. 
Vanarsdoll

Mt. 
Vanarsdoll

Glacier 
Peak

Glacier 
Peak

Mt. 
Garland

Mt. 
Garland

Lean-to
Mountain
Lean-to

Mountain

Lean-to
 C

r.

Lean-to
 C

r.

Glacier C
r.

Glacier C
r.

F
id

d
le

r 
C

r.
F

id
d

le
r 

C
r.

Goat Cr.
Goat Cr.

Carpenter Cr.Carpenter Cr.

B
ig

 O
liv

e
r C

r.

B
ig

 O
liv

e
r C

r.

Little Oliver Cr.

Little Oliver Cr.

UskUsk

GitausGitaus

Mount
O’Brien
Mount

O’Brien

Hardscrabble Creek
Hardscrabble Creek

Shannon Creek
Shannon Creek

nkin C

a

r

H

eek

nkin C

a

r

H

eek
Kitselas

Mountain
Kitselas

Mountain

TERRACETERRACE

Sand Creek

Sand Creek

St. Croix Creek

St. Croix Creek

O.K. RANGE

O.K. RANGE

K
n

a
u

s
s
 C

r.
K

n
a
u

s
s
 C

r.

GitausGitaus

UskUsk

Kleanza Creek

iver

 R
tz

eomyZ

demash

im

 C

hC

reek

Legate Creek

S
k

e

r

e
n

v
e

a 
R

i

Treasure
Mountain

Mt.
Pardek

E RANGE

ITNROB

Kleanza
Mountain

Bornite
Mountain

Terrace
Mtn.Kitsumkalum

Mtn.

Kitselas

t
w

o
e

N
w

n
 C

.r

K
it

s
u

m
k
a
lu

m
 L

a
k
e

K
itsum

kalum
 R

iver

Fiddler 
Lk.

Rosswood

Maroon
Mountain

Mt. Knauss

Doreen

Mt. Sir Robert

Mt. Quinlan

Maroon Creek

Mt. 
Vanarsdoll

Glacier 
Peak

Mt. 
Garland

Lean-to
Mountain

Lean-to
 C

r.

Glacier C
r.

F
id

d
le

r 
C

r.

K
n

a
u

s
s
 C

r.

Goat Cr.

Carpenter Cr.

B
ig

 O
liv

e
r C

r.

Little Oliver Cr.

Usk

Gitaus

Mount
O’Brien

Hardscrabble Creek

Shannon Creek

nkin C

a

r

H

eek
Kitselas

Mountain

TERRACE

Sand Creek

St. Croix Creek

O.K. RANGE

54  3054  30
OO

‘‘

54  4554  45OO

‘‘

1
2

8
  
0

0
1

2
8

  
0

0
OO

‘‘

1
2

8
  
3

0
1

2
8

  
3

0
OO

‘‘

54  30
O

‘

1
2

8
  
0

0
O

‘

1
2

8
  
3

0
O

‘

54  45O

‘

CARPENTER
CREEK
PLUTON

CARPENTER
CREEK
PLUTON

NEWTOWN
CREEK
PLUTON

NEWTOWN
CREEK
PLUTON

Tumbling
Cr. fault
Tumbling
Cr. fault

Borden Gl.

Shan

Usk fault

Tumbling
Cr. fault

CARPENTER
CREEK
PLUTON

NEWTOWN
CREEK
PLUTON

Molybdenite Cr.

A’’

A’

A

S
h
am

es R
iver fau

lt

SCALESCALE

KilometresKilometres

00 55 1010
SCALE

kilometres

0 5 10

BCGS OF 2007-4

BCGS OF 
2007-4

BCGS OF 
2007-4

BCGS OF 2006-3

BCGS OF 2008-
Woodsworth
et al. (1985);
Heah (1984);
limited new
observations

103I/15 103I/16

103I/09

103I/08

103I/10

103I/07

Sources of
mapping

Zymoetz (Copper) R.
Zymoetz (Copper) R.

W
illiams Creek

W
illiams Creek

Chist C
reek

Chist C
reek

Kitimat River

Kitimat River

Mt.
Attree

Mt.
Attree

Mt.
Henderson

Mt.
Henderson

Mt.
Chlore

Mt.
Chlore

Andesite
Peak

Andesite
Peak

M
attson C

r. fault

M
attson C

r. fault

Thomas Cr. fault

Thomas Cr. fault

C
h

lo
re

 R
. fa

u
lt

C
h

lo
re

 R
. fa

u
lt

C
hlore R

iver

C
hlore R

iver
Traplin

e Cr.

Traplin
e Cr.

WILLIAMS

CREEK 
PLUTON

WILLIAMS

CREEK 
PLUTON

KLEANZA
PLUTON

KLEANZA
PLUTON

S
h
am

es R
iver fau

lt

S
h
am

es R
iver fau

lt

Shames River
mylonite zone
Shames River
mylonite zone

Lakelse
Lake

Lakelse
Lake

OLD
REMO
OLD

REMO

S
k e

r

e n

v
e

a 
R

i

S
k e

r

e n

v
e

a 
R

i

Zymoetz (Copper) R.

W
illiams Creek

Chist C
reek

Kitimat River

WILLIAMS

CREEK 
PLUTON

KLEANZA
PLUTON

Mt.
Attree

Mt.
Henderson

Mt.
Chlore

Andesite
Peak

M
attson C

r. fault

Thomas Cr. fault

C
h

lo
re

 R
. fa

u
lt

C
hlore R

iver
Traplin

e Cr.

Lakelse
Lake

S
k e

r

e n

v
e

a 
R

i

OLD
REMO

S
h
am

es R
iver fau

lt

Shames River
mylonite zone

Fig ure 3. Ge ol ogy of the Ter race area, com piled from field map ping at 1:20 000 scale in 2005 to 2007 (Nel son et al., 2006b; Nel son
and Ken nedy, 2007b), with ad di tional data from Woodsworth et al. (1985) and Heah (1991) via the BC Geo log i cal Sur vey com pi la -
tion on the MapPlace.
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Fig ure 4. An de site vol ca nic vari a tions in the Mt Attree
volcanics: a) pyroclastic brec cia of augite-plagioclase-
phyric an de site clasts, Chist Creek; sta tion 07JK16-1; b)
typ i cal plagioclase-phyric co her ent an de site, flow on ridge
east of Mt Attree; sta t ion 07MM18-02; c) augite-
plagioclase-phyric co her ent an de site, flow on ridge east of
Mt Attree; sta tion 07JN17-04; d) bed ded andesitic tuff and
epiclastic greywacke and mudstone, Chist Creek; sta tion
07JK16-12.
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Leg end for Fig ure 3.



• It con tains sig nif i cant ar eas of quartz-seri cite schist,
which are ab sent in the Telkwa.

• It con tains rhy o lite that is typ i cally quartz-phyric, un -
like the dom i nantly plagioclase-phyric rhy o lite of the
Telkwa. More si li ceous com po si tions are sug gested.
The char ac ter is tic coarse, polymictic welded tuff of
the Telkwa For ma tion is not present.

• An de site flows in it con tain only small amygdules, if
any, in con trast to the large, ir reg u lar amygdules that
are com mon in the Telkwa For ma tion.

• Char ac ter is tic stubby, rag ged shapes of plagioclase
grains in the an de site are un like the lath-shaped pheno -
crysts in Telkwa an de site (com pare Fig 4b with
Fig 7e).

• The de gree of fo li a tion within it stands in strong con -
trast to over ly ing Telkwa vol ca nic units, which are
com pletely unfoliated.

• Greenschist to lower-am phi bo lite grade, synkinematic 
meta mor phic as sem blages con trast with the nearby
basal Telkwa, which lo cally con tains epidote-
actinolite con tact-re lated as sem blages but is re gion -
ally meta mor phosed in ze o lite fa cies (Mihalynuk,
1987).

It should be noted that some con glom er atic units that
were in cluded within the Pa leo zoic sec tion north of the
Zymoetz River by Nel son et al. (2006a, b) have been re as -
signed to the basal Telkwa in cur rent map ping (com pare
Fig 3, this pa per, with Fig 4, Nel son et al., 2006a). Work in
2007 has en hanced our ap pre ci a tion of the vari abil ity
within the basal Ju ras sic con glom er ate rocks and re in -
forced their strati graphic po si tion above the Permian
limestone.

Am bi tion For ma tion

A unit of thick, in part richly fossiliferous, lime stone
out crops from the Zymoetz River through the ridge east of
Mt Attree, across Wil liams Creek and south to the ridge
west of Flat Top Moun tain (Fig 6a, b).

Macrofossil iden ti fi ca tions by pre vi ous work ers have
iden ti fied the lime stone as of Perm ian age (Duffell and
Souther, 1964; Woodsworth et al., 1985; Gareau et al.,
1997b). It is cor re la tive with the Am bi tion For ma tion in the
Iskut area of north ern Stikinia (Gun ning et al., 1994).
White and red sec ond ary chert re place beds in some ar eas
and thin tuff beds are pres ent lo cally, par tic u larly near the
base of the unit. North of the Zymoetz River, a mixed car -
bon ate-volcaniclastic fa cies con sists of calcarenite
interbedded with limy volcanic sandstone.

The base of the Am bi tion For ma tion on top of the Mt
Attree volcanics is sharp, with small-scale ir reg u lar re lief.
Pods of lime stone within the top few decimetres of the vol -
ca nic pile may at test to slump ing and the for ma tion of
olistostrome de pos its, and/or to the de po si tion of limy ma -
te rial within open spaces in its substrate.

TELKWA FORMATION (HAZELTON GROUP)

Basal Un con formity

The Telkwa For ma tion lies above an un con form able
sur face. Bed ding-par al lel re la tion ships be tween strata
above and be low it, for in stance be tween Perm ian lime -
stone and greywacke in the basal Telkwa, are con sis tent
with a paraconformable con tact. Re gion ally, how ever, the
un con formity bev els through the thin Up per Tri as sic unit
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Fig ure 5. a) Rusty, py ritic quartz-seri cite schist in Mt Attree
volcanics south of Wil liams Creek. The protolith is a quartz-phyric
rhy o lite lapilli tuff. b) Gos sa nous, py ritic quartz-seri cite schist; dark
ar eas are highly si lici fied. c) Apha ni tic rhy o lite brec cia with chlorite
in fill ings.



north of the Zymoetz River and in part through the Perm ian
lime stone. At a num ber of lo cal i ties on the ridge east of Mt
Attree, Telkwa con glom er ate di rectly over lies the Mt
Attree volcanics (Fig 2). In the head wa ters of 8 Mile Creek
and near Flat Peak, lo cal re lief on the un con formity is
shown by channels cut into the limestone (Fig 6c).

Lower Telkwa For ma tion

The low est unit of the Telkwa For ma tion, di rectly
above the un con formity, in cludes both polymictic con -
glom er ate and brec cia with sparse thin interbeds of
greywacke and, in a few ar eas, pyroclastic brec cia. It
grades up into, and interfingers with, polymictic and mono -
lithic vol ca nic brec cia sourced wholly from within the
lower Telkwa. The con glom er ate is over all polymictic, but
in many ex po sures tends to be dom i nated by one or a few
clast types that re flect lo cal sources. For in stance, lime -
stone clasts con cen trate di rectly above the Am bi tion For -
ma tion (Fig 7a), whereas augite and plagioclase-phyric an -
de site clasts con cen trate above the Mt Attree volcanics.

In some clasts, vol ca nic tex tures are iden ti cal to those
in the im me di ately un der ly ing Pa leo zoic unit, which iden ti -
fies them as ex ter nally rather than in ter nally de rived. Vol -
ca nic cen tres within the lower Telkwa also strongly in flu -
ence the clastic com po si tion of the con glom er ate and
brec cia, with con cen tra tions of fel sic clasts in some ar eas
(Fig 7b), and plagioclase-phyric or plagioclase-
hornblende-augite-phyric clasts in oth ers. The brec cia in
Fig ure 7c is re lated to a small dioritic cen tre at the base of
the Telkwa For ma tion near Wil liams Creek. Early Telkwa
vol ca nism seems to have been sourced from a se ries of
small, ex plo sive cen tres, the products of which mixed with
clastic deposits.

North of the Zymoetz River and west of Dardanelle
Creek, lime stone olistrostromes oc cur, con tain ing blocks
up to sev eral metres across. Also pres ent in these con glom -
er ate rocks are black argillite clasts, prob a bly de rived from
the Tri as sic beds, and densely plagioclase-phyric an de site
clasts with tex tures sim i lar to those seen in vol ca nic brec cia
through out the lower Telkwa. These ex po sures are con tin u -
ous with rocks that were in ter preted as Pa leo zoic (Nel son et 
al., 2006a, b); how ever, the con glom er ate passes tran si tion -
ally up wards into typ i cal lower Telkwa pyroclastic units, so 
they are redefined here as basal Telkwa.

Fel sic Marker Units and the Up per Telkwa For -
ma tion

As in the Usk map area to the north, the mainly clastic
and volcaniclastic lower Telkwa For ma tion is over lain by
an up per, flow-dom i nated unit. In the Usk map area, the
con tact is marked by a dis con tin u ous, thinly bed ded sed i -
men tary unit of vol ca nic greywacke and mudstone (Nel son
et al., 2006a, b). Here, it is marked in stead by a dacite-rhy o -
lite unit of re gional ex tent, the ‘lower fel sic marker’. There
is a higher rhy o lite unit within the up per flow se quence, the
‘intraflow felsic marker’.

The lower fel sic marker is ex posed as part of con tin u -
ous sec tions along the Mattson Creek log ging road and on
the road to the re peater tower east of Mattson Creek, on
Trea sure Moun tain, and on re mote ridges in the east ern part 
of the map area. It var ies from a few hun dred metres to
nearly 1 km in thick ness. Highly vari able vol ca nic tex tures
(Fig 8a–c) doc u ment a wide spread fel sic vol ca nic event.
There are co her ent rhy o lite and dacite units with lo cal
strong flow band ing and even folded flow bands; welded
rhy o lite tuff; bed ded rhy o lite and dacite lapilli tuff; and
interbedded polymictic andesitic brec cia, pos si bly de rived
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Fig ure 6. a) Am bi tion For ma tion at the head wa ters of 8 Mile Creek. Here the well-bed ded, fossiliferous lime stone is over lain by con glom er -
ate and brec cia at the base of the Telkwa For ma tion. b) Sil ica-he ma tite-re placed cri noid seg ments in lime stone. Note the cri noid ca lyx at the 
far left; sta tion 07JK24-11. c) De tail of basal Telkwa un con formity. Note the strong re lief on con tact and the pen e tra tion of con glom er ate
along bed ding planes. Over all both lime stone and con glom er ate dip steeply north east: this part of the basal con tact was orig i nally steep
and pos si bly karst con trolled.



from up lifted parts of the un der ly ing sec tion or from more
dis tant penecontemporaneous volcanic centres.

In the far south ern part of the map area, be tween Chist
Creek and the Kitimat River, the lower volcaniclastic

Telkwa thins, and an de site flows oc cupy the sec tion be low
the lower fel sic marker.

Al though a few an de site flows oc cur within the lower
Telkwa, above the lower fel sic marker, an de site and lesser
dacite flows are dom i nant. These subaerial flows typ ify the
ter res trial Howson fa cies of the Telkwa For ma tion, which
ex tends from this area eastwards into the Howson Range to
Smithers (see Tip per and Rich ards, 1976). They are gen er -
ally plagioclase-phyric, with pheno crysts rang ing from
milli metre to centi metre scale (Fig 8e). They are also char -
ac ter is ti cally amyg da loid al (Fig 8d). Amygdules tend to be
large and ir reg u lar, filled with quartz, cal cite, epidote,
chlorite, ze o lite and rarely piedmontite. In places, zones of
them de fine flow cen tres and flow tops. Flow brec cia is also 
pres ent, and mi nor ma roon polymictic vol ca nic brec cia is
identical to those in the lower Telkwa.

The re mote mas sif of Mt Clore, Mt Henderson and An -
de site Peak was un mapped prior to this pro ject (see
Woodsworth et al., 1985). Through work in 2007, we now
as sign it to the up per Telkwa For ma tion. It is un der lain by a
thick sec tion of mod er ately to gently dip ping an de site,
dacite, ba salt and rhy o lite flows and rhyolitic ash flow de -
pos its, with mi nor ma roon polymictic andesitic brec cia and
tuff (Fig 8f), in truded by prob a bly comagmatic in ter me di -
ate plutons (see In tru sive Rocks, be low). It is a likely can di -
date for the remains of a major volcanic centre.

Intraflow Fel sic Marker

A sec ond fel sic unit of re gional ex tent oc curs within
the up per, flow-dom i nated part of the Telkwa For ma tion,
be tween a few hun dred metres to 2 km stratigraphically
above its base. It out crops along strike from the re peater
tower road in the north, to near the Kitimat River in the
south. Its max i mum strati graphic sep a ra tion from the lower 
fel sic marker is near the Kitimat River, lead ing to the in fer -
ence that a vol ca nic cen tre was lo cated near there, per haps
in the Clore-Henderson-An de site mas sif. This intraflow
fel sic marker is dis tin guished from the lower fel sic marker
only by its po si tion above and be low iden ti cal, mainly an -
de site flows. It com prises co her ent rhy o lite and dacite
flows, welded tuff with strong eutaxitic fab rics, and
rhyolite and dacite tuff and breccia.

The up per flow-dom i nated unit of the Telkwa For ma -
tion is the high est strati graphic unit ex posed in the Chist
Creek map area. Youn ger units, such as the brick-red tuff of
the up per most Telkwa or Nilkitkwa for ma tions, or the
over ly ing ‘py jama beds’ and Bow ser Lake Group, are only
seen far to the north (Nel son and Ken nedy, 2007a, b) near
Mt Quinlan, and to the east in the Smithers map area.

Intrusive Rocks

Within the Chist Creek map area, there are at least four
in ferred gen er a tions of plutonic rocks. As there are no mod -
ern U-Pb dates from the area, cor re la tions are based on re la -
tion ships to supracrustal units, and con ti nu ity with or sim i -
lar ity to well-dated bod ies far ther to the north (see Gareau
et al., 1997a). Rep re sen ta tive sam ples have been col lected
for U-Pb dat ing. In or der of in ferred geo log i cal age, the
plutonic suites are

• small hypa bys sal in tru sions re lated to the Pa leo zoic Mt 
Attree volcanics;

• Early Ju ras sic in tru sions, in clud ing the large Kleanza
pluton and scat tered smaller bod ies that are prob a bly
comagmatic with the Telkwa For ma tion;
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Fig ure 7. Compositional vari a tions in the low er most Telkwa con -
glom er ate and brec cia: a) lime stone brec cia, 10 m above Perm ian
lime stone, head wa ters of 8 Mile Creek; b) brec cia dom i nated by
Telkwa fel sic frag ments, 20 m above Perm ian lime stone, from a
ridge north east of Mt Attree; sta tion 07JN20-3; c) plagioclase-
augite-phyric pyroclastic brec cia in the low er most Telkwa For ma -
tion south of Wil liams Creek; note the flat tened bombs.
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Fig ure 8. a) Flow-banded plagioclase-phyric dacite, near the base of up per Telkwa For ma tion, west of Mattson Creek; sta tion 07JK03-04. b) Rhy o lite-dacite polymictic lapilli tuff with fine-
grained tuff interbeds, lower fel sic marker at the base of the up per Telkwa For ma tion, Mattson Creek re peater road; sta tion 07JK08-07. c) Eutaxitic tex ture in a welded rhy o lite lapilli tuff, in the
intraflow fel sic marker unit, up per Telkwa For ma tion; sta tion 07JK44-3. d) Zone of large, ir reg u lar amygdules in an de site flow, up per Telkwa For ma tion; sta tion 07MM05-07. e) Plagioclase
megacrystic an de site flow, up per Telkwa For ma tion; sta tion 07MM05-07. f) Polymictic brec cia with sec ond-cy cle clasts, up per Telkwa For ma tion near Mt Clore; sta tion 07JN24-04.



• Cre ta ceous to Paleocene (?), ductilely de formed,
mainly gra nitic bod ies that out crop at low el e va tions in 
the val leys of Wil liams Creek, Chist Creek and the
Kitimat River;

• a large bul bous gra nitic to granodioritic body of prob a -
ble Eocene age, the Wil liams Creek pluton.

PALEOZOIC INTRUSIONS

These are of lim ited ex tent, but of an im por tance that is
dis pro por tion ate to their size. The rhyolitic vol ca nic cen tre
that is as so ci ated with syngenetic quartz-seri cite al ter ation
and base-metal sul phide min er al iza tion in the Mt Attree
volcanics south of Wil liams Creek is partly de fined by the
pres ence of white, apha ni tic rhy o lite dikes and sills, and
small, ap par ently cross-cut ting bod ies of fo li ated quartz-
feld spar por phyry. One of the lat ter has been col lected for
U-Pb dat ing, and re sults are anticipated within the next few
months.

EARLY JURASSIC INTRUSIVE SUITE

The larg est in tru sion of this suite is the south ern ex ten -
sion of the Kleanza pluton, dated by Gareau et al. (1997a)
as ca. 200 Ma, which sprawls along the Zymoetz River and
Kleanza Creek to the north (Fig 3). It ex tends onto Mt
Thornhill and the area around 8 Mile Creek. Its south ern
bound ary lies on the slopes north of Wil liams Creek, where
it is cut off by the Wil liams Creek pluton. As else where, this 
pluton con sists of a va ri ety of phases that range from
microdiorite, gab bro and mi nor clinopyroxene-bear ing
ultramafite, through coarse-grained tonalite and
granodiorite, to quartz-rich gran ite. Hypa bys sal phases that 
form part of the Kleanza pluton and ex hibit tran si tional re -
la tion ships to up per Telkwa an de site flows have been doc u -
mented far ther north (Nel son et al., 2006). In the pres ent
map area, deeper lev els of the Kleanza pluton are exposed.

A num ber of smaller plutons show more di rect ties to
Early Ju ras sic arc-re lated vol ca nism in the Telkwa For ma -
tion. A small mafic pluton in trudes the base of the for ma -
tion on the ridge east of Mt Attree. It is tex tur ally highly
vari able, rang ing from gab bro to microdiorite. In tru sive
brec cia is well de vel oped near its mar gins (Fig 7c). It is sur -
rounded by andesitic brec cia, which grades out wards from
mono lithic bomb and pyroclastic brec cia to more
heterolithic brec cia with an de site and diorite clasts, and
lastly, an up per most unit of thinly bed ded andesitic
turbidite over lain by welded tuff of the lower fel sic marker.
Clearly de picted here is a high-level in tru sion and its apron
of pyroclastic to re worked epiclastic prod ucts. Sim i lar re la -
tion ships are shown be tween a small body of microdiorite
and por phy ritic an de site east of ‘Slide Creek’, and nearby
an de site brec cia that contains clasts with identical igneous
textures.

There are two small ultra mafic to mafic in tru sions that
in trude the up per Telkwa flow-dom i nated unit in the east -
ern part of the map area. The best ex posed of the two, lo -
cated south east of Mo raine Creek, is roughly 1.5 km in di -
am e ter. It con sists of a thick outer rim of gab bro, diorite and
clinopyroxene-rich ultramafite, and a core of plagioclase-
rich leucogabbro. The other in tru sion is a body of
clinopyroxenite and gab bro ex posed over a few hun dred
metres west of the Clore River.

Ir reg u lar in tru sive bod ies out crop ex ten sively within
the Clore-Henderson-An de site mas sif (Fig 2). They are
gen er ally in ter me di ate to fel sic, of dioritic, tonalitic and
dacitic com po si tions. Tex tures vary from fairly coarse

grained equigranular to por phy ritic with a very fine grained 
ma trix. They are ac com pa nied by swarms of an de site and
dacite dikes, such that the bound ary be tween in tru sive and
ex tru sive re gimes is dif fi cult to pin point. Their out crop pat -
tern sug gests the gently un du lat ing roof of a magma cham -
ber, with gently dip ping an de site and dacite flows in its cu -
pola. This mas sif is in ter preted as a vol ca nic cen tre, based
on its thick ac cu mu la tion of flows; the pres ence of an
inferred subjacent intrusion strengthens that supposition.

LATE CRETACEOUS-PALEOCENE (?)
INTRUSIONS

These are lim ited in ex tent, oc cur ring along one log -
ging road on the north side of Wil liams Creek, near the
mouth of Chist Creek and at one lo cal ity north of the
Kitimat River. They are de fined pri mar ily by the pres ence
of strong duc tile fab rics. They in trude highly fo li ated Pa -
leo zoic meta vol can ic rocks, and both are cut by unfoliated
gran ite of probable Eocene age.

The body in Wil liams Creek is com posed of gran ite
and lesser granodiorite. In a small quarry along the main
log ging road, it shows strong fo li a tion and meta mor phic
recrystallization un der am phi bo lite con di tions, and trans -
posed ig ne ous lay er ing (Fig 9a). Higher above the val ley,
the in ten sity of fo li a tion de creases, but the body is still
char ac ter ized by clumps of dy nam i cally recrystallized bi o -
tite. One phase also con tains tiny pink gar nets, both sin gle
grains and clus ters that out line pelitic xe no liths that are
now com pletely resorbed except for these delicate pseudo -
morphs.

Highly fo li ated tonalite near the mouth of Chist Creek
is more mafic than the Wil liams Creek gran ite, but shows a
sim i lar tex ture of wispy, recrystallized bi o tite ag gre gates. A 
meta mor phic com plex ex posed on a log ging branch north
of the Kitimat River com prises green phyllite al lied with
the Mt Attree volcanics and also fine-grained metadiorite
with peg ma tite and aplite dikes and sills.

The oc cur rence of these strongly fo li ated in tru sive
bod ies as so ci ated with other de formed rocks in top o graph i -
cally low ar eas is rem i nis cent of the char ac ter and ex ter nal
re la tions of the ca. 58 Ma Kitsumkalum gran ite suite within
the Kitselas com plex (Gareau et al., 1997a, b; Nel son and
Ken nedy, 2007a). This Paleocene body is in ter preted as be -
ing emplaced dur ing tec tonic unroofing of the com plex
dur ing early Ter tiary de tach ment fault ing. A sim i lar in ter -
pre ta tion of these granitoid bod ies is ex plored later in this
pa per (see Structure, below).

EOCENE INTRUSIONS

A large, bul bous undeformed body, mainly of gran ite
and granodiorite, un der lies the val ley of Wil liams Creek
and the west ern ridges to the south of it, in clud ing the drain -
age of the epon y mous Gran ite Creek. South of a re-en trant
near the mouth of Chist Creek, an other sa lient ex tends
along the val ley of the Kitimat River. This body is named
the Wil liams Creek pluton for its ex ten sive ex po sures there. 
Its roof is ex posed at mid dle el e va tions on the ridges north
and south of the creek; over all, its ge om e try is the clas sic
‘bal loon’ shape typ i cal of gran ite emplaced into the upper
crust.

Com pared to the Ju ras sic Kleanza pluton, the Wil liams 
Creek body is compositionally more ho mo ge neous and
tends to wards more fel sic com po si tions. Most abun dant are 
gran ite and granodiorite. Tex tures range from equigranular
to inequigranular with euhedral, blocky white plagioclase
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and/or K-feld spar pheno crysts up to 1 cm in length. Pla nar
pink peg ma tite and aplite dikes are com mon (Fig 9b). Un -
like Kleanza gran ite, bi o tite in the Wil liams Creek pluton is
more abun dant than hornblende, and both are un al tered and 
fresh. A key iden ti fy ing char ac ter is tic is the pres ence of
small, clear, euhedral, amber-coloured titanite grains.

The Wil liams Creek body strongly re sem bles the ca.
53 Ma Car pen ter Creek pluton west of the Skeena River
(Gareau et al., 1997a; Nel son and Ken nedy, 2007a, b). Both 
are pre dom i nantly fel sic, both are large, bul bous bod ies and 
both are postkinematic to duc tile de for ma tion events. Ti -
tan ite also oc curs in the slightly older Kitsumkalum in tru -
sive suite (Gareau et al., 1997a; Nel son and Ken nedy,
2007a). Pend ing on go ing U-Pb dat ing, the Wil liams Creek
pluton is as signed a probable Eocene age.

Gra nitic and granodioritic dikes re lated to the Wil -
liams Creek pluton are wide spread, but con cen trate near

the pluton mar gins. They cross cut all older units and all fab -
rics.

In ad di tion to fel sic plutonic rocks, me dium-grained
equigranular diorite is abun dant south of Chist Creek and
near the Kitimat River. Be cause they are fresh and
postkinematic, and are as so ci ated with the more typ i cal
gran ite, they are also as signed to the Eocene suite.

Structure and Metamorphism

MAJOR STRUCTURES

The Pa leo zoic to Ju ras sic strati graphic se quence in the
Chist Creek map area is de formed into a north east-
trending, re gional-scale anticline. Its shape is out lined by
the curvilinear out crop pat tern of the Am bi tion For ma tion
lime stone, which strikes north-north east near Chist Creek,
chang ing to north-north west on the ridge south of Wil liams
Creek, west-north west on the ridge east of Mt Attree, and is
then de formed into a se ries of north east erly plung ing folds
in the hinge area from ‘Slide Creek’ into the Zymoetz River
val ley and on Cop per Moun tain (Fig 2, 3). The Mt Attree
volcanics occupy its core.

An east to east-north east-strik ing band of Perm ian
lime stone, over lain by Tri as sic radiolarian chert and limy
shale, and then fragmental vol ca nic rocks of the Telkwa
For ma tion, ex tends west to wards Old Remo (Fig 3). A sim -
i lar north east erly strik ing suc ces sion is rec og nized near the
Shames River, al though there it may be com pli cated by
thrust fault ing (Heah, 1991). How ever, it is plau si ble that
the north east erly trending anticline out lined in the Chist
Creek area ex tends west as far as the Shames River fault.
Heah (1991) re ports a U-Pb age of 331 to 317 Ma from a
quartz diorite body east of the Shames River, and G.
Woodsworth has ob tained a Mis sis sip pian age from an in -
tru sion in the east ern Coast Moun tains near Kitimat (pers
comm, 2006).

Re gional at ti tudes in the Telkwa For ma tion re flect the
east limb and hinge of the anticline. Pre dom i nant strikes in
most of the Chist Creek map area are north erly, with mod er -
ate dips and fac ings to the east (Fig 3). To the north, across a
se ries of east-west faults, the pre vail ing strike changes to
west-north west erly, with shal low dips to the north east;
these at ti tudes are seen over a broad re gion from near
Kleanza Creek in the south to Mt Quinlan and Ma roon
Creek to the north, with the ex cep tion of ro tated fault
blocks near Mt O’Brien (Fig 2, 3).

A set of north west-strik ing faults in the Chist Creek
map area re peat the Telkwa stra tig ra phy. Dis place ment
across them was south west-side-down and/or dextral,
based on off sets of the two fel sic mark ers within the sec -
tion. Al though these faults have strong top o graphic ex pres -
sions and sig nif i cant off sets within the Chist Creek area,
they are more or less trun cated by west erly faults and elon -
gate apophyses of the Kleanza pluton be tween the Zymoetz 
River and Chimdemash Creek (Fig 3).

Doubt has been cast on the imbricated thrust faults
shown near the Zymoetz River (Nel son et al., 2006a, b).
De tailed remapping of this area has re de fined coarse vol ca -
nic-de rived clastic strata as Telkwa rather than Pa leo zoic
volcanogenic units. It has also shown that struc tural re peats 
of Am bi tion For ma tion and basal Telkwa con glom er ate are
sep a rated by the Tri as sic sed i men tary unit, in nor mal strati -
graphic or der: they are north east erly trending folds, not
older-over-youn ger thrust faults. Con trary to Nel son et al.
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Fig ure 9. Con trast ing Paleocene (?) and Eocene in tru sions: a)
strongly de formed gran ite in Wil liams Creek; sta tion 07JA05-01; b) 
undeformed, inequigranular gran ite with a peg ma tite dike, Wil -
liams Creek pluton; sta tion 07JN11-06.



(2006a), there is no lon ger a case for post-Tri as sic, pre-Ju -
ras sic thrust ing in this area. De po si tion of the basal Telkwa
was pre ceded by strong up lift, but not necessarily crustal
compression.

North of Ter race, a ma jor low-an gle fault sys tem is rec -
og nized along the val ley of the Skeena River, sep a rat ing a
footwall of meta mor phosed Telkwa-equiv a lent rocks and
ductilely de formed Paleocene granitoid rocks to the west
from a hangingwall com posed of north east-younging Pa -
leo zoic to Up per Ju ras sic strat i fied rocks, in truded at lower
strati graphic lev els by the Ju ras sic Kleanza pluton, to the
east (Gareau et al., 1997a, b; Nel son and Ken nedy,
2007a, b). This, the Skeena River fault sys tem, is ex pressed
as zones of strong duc tile de for ma tion and shear ing, with
su per im posed high-an gle nor mal faults. It prob a bly was the 
lo cus first of late Me so zoic thrust mo tion, fol lowed by
Eocene down-to-the-east de tach ment (Nel son and Ken -
nedy, 2007a). Prior to 2007 map ping, its south ern most
known ex tent was near the base of Ter race Moun tain,
where it sep a rates granitoid rocks with strong duc tile fab -
rics from unfoliated K-feld spar-megacrystic gran ite that is
the western extension of the Kleanza pluton on Copper
Mountain.

In the Chist Creek map area, zones of strong duc tile de -
for ma tion oc cur at low top o graphic el e va tions near the
mouths of Wil liams and Chist creeks, and on the north side
of the Kitimat River. Strong foliations, and in some cases
shears, are de vel oped both in meta vol can ic rocks and in
granitoid rocks. The postkinematic Wil liams Creek pluton
cross cuts all of them. The zone in west Wil liams Creek in -
volves gar net-bear ing bi o tite gran ite of prob a ble Paleocene 
age that in trudes, and is de formed with, mafic meta vol can ic 
rocks of the Mt Attree volcanics. At the el e va tion of Wil -
liams Creek, the gran ite is a streaky protomylonite cut by
top-to-the-north east shear bands. Far ther up the north
slope, it is fo li ated but not mylonitic. Fo li ated an de site
brec cia that it in trudes is iden ti cal, ex cept in its higher
meta mor phic grade and de gree of de for ma tion, to the spo -
rad i cally fo li ated Mt Attree volcanics on the ridge above.
At 400 m el e va tion above the creek, fo li a tion is weak in the
meta-an de site, and undeformed gab bro of the Kleanza
pluton oc curs. This up ward de crease in in ten sity of de for -
ma tion and meta mor phism is con sis tent with a po si tion in
the im me di ate hangingwall of a low-an gle de tach ment
fault. The fault it self would lie be low the low est out crop in
the val ley. Sim i larly, the bi o tite schist and metaplutonic
rocks at low el e va tions in west ern Chist Creek, al though at
higher meta mor phic grade and de gree of duc tile de for ma -
tion com pared to higher and more east erly out crops, show
con ti nu ity with them and are in ter preted as the base of the
hangingwall of a subjacent shear zone. The meta vol can ic-
metaplutonic ex po sure in the Kitimat River valley is
isolated from undeformed ridge-top exposures, so its
position above or below the major detachment is unknown.

Based on these three ex po sures, we hy poth e size that
the Skeena River fault zone ex tends at depth be low the
Chist Creek area, with the folded sec tion of Mt Attree
volcanics, Am bi tion For ma tion lime stone and over ly ing
Telkwa For ma tion in its hangingwall.

West of Ter race, the low-an gle Shames River my lon ite
zone and the north west-strik ing Shames River fault (Fig 3)
both show top-to-the-north east, nor mal sense of dis place -
ment. Both mylonitic de for ma tion and north fault ing are
con strained as Eocene, ca. 54 to 47 Ma (Heah, 1991;
Andronicos et al., 2003), ap prox i mately co eval with

unroofing of the Kitselas com plex along the Skeena River
fault zone. These struc tures make up a set of crustal-scale
de tach ments along which the east ern Coast Belt was ex -
humed in transtensional conditions.

FABRICS, STRUCTURES AND REGIONAL
METAMORPHISM WITHIN THE ZYMOETZ
GROUP

Pen e tra tive cleav age in the Mt Attree volcanics in -
creases from spo radic de vel op ment in fa vour able rock
types north of Wil liams Creek, to weakly per va sive south
of it, to strong and prev a lent in the Chist Creek drain age.
One of the north ern most in di ca tors of pen e tra tive de for ma -
tion is a small mar ble body that forms an iso cli nal fold in a
headwall south of 8 Mile Creek, within meta vol can ic strata
that are oth er wise only lo cally fo li ated. By con trast, south
of Wil liams Creek, lay er ing in the meta vol can ic units has
been com pletely trans posed into the fo li a tion, al though
mea sured fac ings are con sis tently to the east, in the over all
di rec tion of strati graphic younging. Fo li a tion at ti tudes in
gen eral are gen er ally par al lel to bed ding; they are folded in
the same manner around the major anticline (Fig 2).

The con glom er ate-phyllite unit at the top of the Mt
Attree volcanics north of Wil liams Creek is af fected by two
gen er a tions of cleav age. One is par al lel to lay er ing and a
sec ond is ax ial pla nar to a mi nor syncline that af fects both
meta vol can ic rocks and over ly ing lime stone, but ap par -
ently not the basal Telkwa con glom er ate. On Mt Attree,
zones of cleav age in the meta vol can ic rocks are cross cut by
a dioritic phase of the Kleanza pluton, a dem on stra tion of
pre-Early Jurassic penetrative deformation.

A top-to-the-north thrust fault is mapped in the head -
wa ters of 8 Mile Creek, where sheared Mt Attree an de site
rests struc tur ally above the Am bi tion For ma tion. No other
thrust faults were doc u mented in the Pa leo zoic sec tion. The 
Mt Attree volcanics show an in crease in meta mor phic
grade from greenschist on the Mt Attree ridge and the Ga -
zelle area south of Wil liams Creek, to am phi bo lite on the
ridge be tween Chist Creek and Schulbuckhand Creek. Am -
phi bo lite-grade meta mor phism is also seen at low top o -
graphic el e va tions in west ern Wil liams Creek, near the
mouth of Schist Creek and in the val ley of the Kitimat
River. Greenschist fa cies as sem blages in mafic rocks con -
sist of pale-green to me dium-green feath ery and acicular
actinolite, chlorite, epidote and al bite af ter pri mary
plagioclase. Fel sic rocks con tain al bite, K-feld spar, seri -
cite, bi o tite and chlorite. In mafic as sem blages tran si tional
to am phi bo lite, chlorite dis ap pears fol lowed by epidote,
plagioclase be comes calcic, am phi bole be comes more
equant and darker in col our, and bi o tite be comes more
abun dant. The high est ob served meta mor phic grades are
near the mouth of Chist Creek, where knot ted green biotite
schist contains cor di er ite grains with relict gar net in their
cores.

Hornfelsic over print ing af fects rocks near the Wil -
liams Creek pluton. Spongy meta mor phic clinopyroxene
oc curs in am phi bo lite; and postkinematic cor di er ite and an -
d a  l u  s i t e  o c  c u r  i n  t h e  a l u  m i  n u m - r i c h  a l  t e r e d
metasedimentary rocks — bi o tite phyllite and con glom er -
ate — north of Wil liams Creek. In this area, gar net and di -
op side are wide spread in Am bi tion For ma tion lime stone,
fill ing frac tures and in some cases del i cately re plac ing
silica-hematite-replaced fossils.
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MINERAL OCCURRENCES AND
MINERAL POTENTIAL

Tra di tion ally, the min eral po ten tial of the Chist Creek
area was linked mainly to gold in polymetallic veins and
redbed-style cop per in the up per Telkwa, with lesser em -
pha sis on small skarns. We have vis ited and sam pled a num -
ber of known oc cur rences in the course of this pro ject. Fur -
ther, the iden ti fi ca tion of the Pa leo zoic Mt Attree volcanics
and rec og ni tion of in di ca tors of sig nif i cant volcanogenic
mas sive sul phide po ten tial within them adds a new and
prom is ing de vel op ment to the area (McKeown et al.,
2008).

Pre cious metal-bear ing polymetallic veins are as so ci -
ated with the Kleanza pluton. Of the many veins on Mt
Thornhill, two, the Golden Nib and Lucky Seven, pro duced 
on a small scale in the early years of the 20th cen tury. Grab
sam ples col lected in 2007 from vein oc cur rences, the So ci -
ety Girl and Ptar mi gan on Mt Thornhill, show vari ably high 
con tents of cop per and lead, and anom a lous sil ver and gold
(Ta ble 1). Veins on Mt Thornhill were ob served to con tain
py rite, chal co py rite, sphalerite, ga lena and ar seno py rite.
They oc cur within north east erly and west-northwesterly
shears.

Re gional pros pect ing along an aban doned log ging
road north of Wil liams Creek in 2007 lo cated a sul -
phide+sulphosalt – bear ing quartz vein with high
geochemically de ter mined con tents of Ag and Au. Sam ple
07JK17-5, shown on Ta ble 1, con tains >10 000 ppb Ag and
14 098 ppb Au. It is ex posed in a ditch, cut ting meta mor -
phosed Mt Attree an de site. Fur ther ex ten sions are possible.

The most sig nif i cant vein-type oc cur rence in the area,
also mined in the pe riod of 1910 to 1935, is the Dardanelle
(MINFILE 103I  107). In 1983, S. Reamsbottom re ported
that the prop erty may con tain re serves of ap prox i mately
181 440 t grad ing about 7.5 g/t Au and 17.1 g/t Ag (this es ti -
mate does not con form to NI43-101 re quire ments;
MINFILE, 2007). The most re cent drill pro gram was by
Trade Winds Ven tures Inc. in 2005 (Bur ton, 2005). The
main vein at Dardanelle lies within a steep, east-north east -
erly (250°/80°) shear zone within granodiorite, im me di -
ately east of its strongly sheared and faulted west ern con -
tact with the lower Telkwa For ma tion (Fig 2). The vein has
been traced on the sur face and in part un der ground for 2 km
(Bur ton, 2005). A pink aplite dike oc cu pies the same struc -
ture. The width of the vein is highly vari able, and its gold
grades range from trace amounts to over 33 g/t (Bur ton,
2005). The vein shows reg u lar dark grey car bo na ceous
bands typ i cal of orogenic gold-quartz deposits (Fig 10a).

Through out the re gion, ma roon to red an de site and
dacite of the up per Telkwa For ma tion are host to nu mer ous
oc cur rences of frac ture and shear-con trolled cop per min er -
al iza tion, typ i cally of high-ox i da tion as sem blages of
bornite and chalcocite with he ma tite, cal cite and epidote.
Show ings on Trea sure Moun tain, in the north east cor ner of
the map area, are of par tic u lar note. Al though most are
shear-con trolled (Nel son et al., 2006a), the Purdex show -
ing (Snow, MINFILE 103I  090) also ex hib its ma trix re -
place ment tex tures over sig nif i cant widths (Fig 10b). A
26 m sur face chip sam ple from this show ing as sayed 2.44% 
Cu and 0.4 g/t Ag (BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, 1965); this is con firmed by our grab
sam ple, which con tained 6.21% Cu (Ta ble 1, 07JK47-01).
Re cently, ex plo ra tion of this prop erty has been re ac ti vated,

with re-open ing of surface roads and a limited diamond
drill program (Burton, 2006).

In the course of field map ping in 2007, we sam pled a
num ber of cop per show ings within Telkwa vol ca nic rocks.
The most in ter est ing anal y sis is of sam ple 07MM07-10
from a shear zone east of the Clore River, which con tains
1.35% Cu, 16 ppm Ag and 295 ppb Au.

A s e  r i e s  o f  m a g  n e  t i t e - g a r  n e t - c h a l  c o  p y  -
rite+sulphosalt+ga lena skarn show ings are lo cated at and
near the base of the Am bi tion For ma tion north of the Wil -
liams Creek pluton. Some of these show ev i dence of his -
toric work ings, in clud ing a well-pre served set of hand
tools; but they are not listed in the MINFILE da ta base. Two
of our sam ples from these re turned high Cu-Ag val ues (Ta -
ble 1). Sam ple 07MM17-01 con tains 13.09% Cu,
>100 000 ppb Ag; and 07MM17-04, from a hand-dug pit,
con tains 7.62% Cu and 70 247 ppb Ag.

The Pa leo zoic Mt Attree volcanics host sev eral broad
zones of quartz-seri cite schist, most no ta bly around the Ga -
zelle and Sub show ings but also north of Wil liams Creek
(Fig 2). Par tic u larly in the Ga zelle-Sub area, the quartz-
seri cite schist is as so ci ated with zones of strong sili ci fi ca -
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Fig ure 10. a) Un der ground ex po sure of the Dardanelle vein, ap -
prox i mately 200 m from the por tal. Width is over 1 m at this point. b)
A. Bur ton and G. Chinn at the Purdex show ing on Trea sure Moun -
tain, where ma trix re place ment by cop per min er als is shown by
mal a chite stain ing over a broad area.
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Element Mo Cu Pb Zn Ag As Au Cd Sb Bi W

Units (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm)

Method ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS

Detection Limit 0.01 0.01 0.01 0.1 2 0.1 0.1 0.01 0.02 0.02 0.2

Station 

number
Easting Northing Location MINFILE Sample Type Minerals noted Description

% if 

listed

% if 

listed

07JA01-03 536737 6016764 Chist Creek none 2 m cont chip py Phyllite with dissem py 4.62 39.96 4.87 240.3 129 0.6 7.5 0.09 <0.02 0.34 0.1

07JA10-10 569870 6047786

Many Bear Creek 

(093L/12) 93L 323 grab py

pyritic-silicified rhyollite bx  (adv. argillic 

alt.) 1.77 24.78 4.62 3.4 40 16.7 0.3 0.04 0.52 0.24 <0.1

07JK03-05 562345 6032779 Clore R. 103I 091 2 m disc chip bo, cpy, po

Amygdaloidal andesite/dacite with min. 

in amygdales 0.43 3801 9.24 295.3 14200 3.1 0.5 0.15 0.09 0.03 0.3

07JK05-02 548992 6036878 Clore R. none 5 m disc chip py, cpy Vein hosted within andesite lapilli tuff 3.71 105.5 3.1 40.9 873 8.4 79.9 0.11 0.34 0.24 <0.1

07JK15-04 550803 6034687 Mattson Creek W. none grab py

Highly silicified plag phyric andesite 

with up to 15% dissem py. 1.27 29.65 8.36 64.7 69 5.7 0.6 0.08 0.35 0.02 0.1

07JK16-02 543404 6021282 Chist Creek spur none grab py

L.Jur. sericite schist, up to 15% pyrite 

within quartz veins 63.46 3620 195.9 7496 4847 8.6 82.3 95.24 0.21 1.14 0.1

07JK17-5 535839 6031689 West Williams Creek none grab

py, mb?, 

sulphosalts?

quartz vein exposed over 1 X 4 metres 

minimum 18.21 3843 165.4 114.8 >100000 1 14098 3.12 0.3 48.53 0.9

07JK17-13 536358 6033218 West Williams Creek none grab py

pyritic qtz-(sericite?) also diorite with 

blue opal beads - epithermal? Abundant 

sulphide alteration 2.03 79.98 14.99 3.1 394 2.1 8.2 <0.01 0.11 0.19 <0.1

07JK27-01 536824 6037770 Mt. Thornhill

near Society 

Girl 103I  184 grab py, gn

Smoky qtz vein hosting dissem. pyrite 

and minor galena 3.32 751.2 1.12% 55.8 45655 80.3 275.3 2.74 13.13 1.56 <0.1

07JK27-02 536633 6038304 Mt. Thornhill

Ptarmigan 103I  

097 grab py, cpy, mal

Qtz vein w dissem and blebby 

sulphides 1 2.15% 8.47 77.3 11126 2.4 53.2 1.74 0.21 0.16 <0.1

07JK28-03 537977 6034609 Mt. Thornhill south none grab py

Shear with silica/pyritic alteration up to 

30% dissem pyrite some massive 2.2 60.61 2.68 42.3 156 11.2 5.9 0.04 0.04 0.7 <0.1

07JK33-02 551598 6030194

Ridge SW of Mattson 

Cr. none grab mal, minor mt

Amygdaloidal plag phyric andesite with 

mt, jasper 0.19 9122 9.53 364.5 3056 0.4 474.5 1.3 0.31 <0.02 <0.1

07JK44-03 551409 6014982

Ridge NW of Hunter 

Creek none grab py >cpy

Highly silicified volcanics with up to 

15% fine dissem py 0.75 32.04 7.03 48.5 155 2.9 3.4 0.03 0.11 0.41 0.1

07JK44-04 563863 6016810

Ridge NW of Hunter 

Creek none grab py

Intense gossan within andesite, pyritic 

+ jarosite 4.37 103.3 6.15 23.9 57 34.2 0.6 0.09 0.3 3.31 <0.1

07JK47-01 563945 6037713 Treasure Mountain

Purdex 103I 

090 grab cpy,po,mal,az Dacite with fine dissem sulphides 0.44 6.21% 537.7 161.6 35650 1.9 3 0.4 0.39 0.14 0.3

07JN01-03 544844 6039018 N. Zymoetz none grab mt, cpy, gn

Skarn - lenses of calcsilicate metaseds. 

Mt rich zone with garnet, epidote, 

diopside 0.32 20.37 2.57 55.2 33 1.5 0.4 0.09 0.18 0.18 0.3

07JN01-06 546451 6039356 N. Zymoetz none grab mal, cpy

Sulphide rich zone within Lower 

Telkwa, limestone dominated bx. 6.37 7.21% 15.68 97.9 5279 17.1 5.5 0.77 0.42 0.23 0.3

07JN08-05 560476 6034700 W. of Clore none grab zeolite?

Rotten dacite bx silicified (possibly 

some pink zeolite?) 9.61 60.56 338.3 36 4624 182.8 60.5 0.49 3.48 11.14 >100

07JN17-01 541737 6031336 Camp 2 none grab py

Gossan within Pz lapilli tuff, patchy, 

intense silicified-pyritic zone  0.34 41.74 10.71 72.9 517 8.5 2.3 0.67 0.77 0.64 0.2

07JN24-05 563735 6016931

Clore-Henderson-

Andesite Peak none grab py>>cpy

Gossanous diorite with up to 15% py 

intruding Telkwa rhyolite 1.86 100.3 9.74 15.4 102 10.1 0.8 0.03 0.41 12.92 <0.1

07MM07-10 563650 6033284 E. Clore none 2m cont chip mal, cpy, bo

Hosted in porphyritic andesite (Telkwa), 

likely shear controlled, min over 15 ft 0.38 1.35% 4.43 298.3 15847 2.5 295.5 0.27 0.07 0.34 0.4

07MM17-01 546260 6028880

Summit E. of Mt. 

Attree none grab over 20 m mt, cpy, gl

Skarn - base of Permian limestone over 

andesite flow, massive galena and trace 

grey sulphosalts 1.07 13.09% 248.7 1457 >100000 8.2 72.8 44.48 0.25 124.4 34.3

07MM17-04 546379 6028416

Summit E. of Mt. 

Attree none grab cpy, mt, gn?

Magnetite skarn within Pz andesite, 

plag phyric flow 208.3 7.62% 36.6 367.6 70247 2.7 27.1 30.6 0.08 67.99 >100

07MM18-06 545017 6029157

Summit E. of Mt. 

Attree none 2 m chip py

silic-pyritic zone overlying highly foliated 

quartz-sericite schist 1.28 198.8 5.94 166.5 308 5.4 0.5 0.38 0.04 0.28 2.7

TABLE 1. GEOCHEMICAL AND ASSAY RESULTS FOR THE NTS 103I/08 MAP AREA, 2007.ABBREVIATIONS: ALT, ALTERATION; AZ, AZURITE; BO,
BORNITE; BX, BRECCIA; CPY, CHALCOPYRITE; DISSEM, DISSEMINATED; GL, GLAUCOPHANE; GN, GARNET; L.JUR., LOWER JURASSIC; MAL,

MALACHITE; MB, MOLYBDENITE; MIN, MINERALIZATION; MT, MAGNETITE; PLAG, PLAGIOCLASE; PO, PYRRHOTITE; PY, PYRITE; PZ, PALEOZOIC;
QTZ, QUARTZ. ANOMALOUS VALUES ARE HIGHLIGHTED IN YELLOW.



tion and lo cal base-metal sul phide con cen tra tions; mas sive
bar ite is pres ent at the Sub show ing (McKeown et al.,
2008). The al ter ation and min er al iza tion are prekinematic,
and are in ter preted as syngenetic. This sug gests that the Mt. 
Attree volcanics have the po ten tial for host ing volcano -
genic mas sive sul phide de pos its sim i lar to Tulsequah
Chief, which is as so ci ated with Late Mississippian rhyolite
in northern Stikinia.

SUMMARY AND CONCLUSIONS

Field map ping in 2007 of the Chist Creek map area
south east of Ter race has clar i fied re gional geo log i cal un -
der stand ing as well as point ing to volcanogenic mas sive
sul phide po ten tial in newly de fined Pa leo zoic hosts. The
west ern half of the Chist Creek area is un der lain in part by
Pa leo zoic vol ca nic and re lated strata of the Mt Attree
volcanics, which are sep a rated from over ly ing lower Me so -
zoic strata by the Perm ian Am bi tion For ma tion lime stone.
To gether the Pa leo zoic vol ca nic strata and the lime stone
form the core of a re gional, north east erly trending
anticline. Cor re la tives of the Zymoetz Group may extend
westwards into the eastern Coast Mountains.
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INTRODUCTION

The oc cur rence of high-Mg lavas in the Tri as sic
Karmutsen flood bas alts of the Wrangellia Terrane on
north ern Van cou ver Is land has re cently been doc u mented
by Greene et al. (2006). They iden ti fied a num ber of sep a -
rate oc cur rences of high-Mg or picritic pil low lavas and
subvolcanic dikes, and des ig nated the ex cel lent ex po sures
of pil lowed flows at Keogh Lake as the type lo cal ity. Al -
though all cur rently known picritic ba salt flows clearly
formed in the sub ma rine en vi ron ment, their pre cise strati -
graphic po si tion within the Karmutsen Formation has
remained uncertain.

The ex pan sion of new log ging road sys tems on north -
ern Van cou ver Is land over the last de cade or so has pro -
vided ac cess to more re mote ar eas un der lain by Karmutsen
vol ca nic rocks. It is now pos si ble to map dis tinct strati -
graphic sub units within the Karmutsen For ma tion, sim i lar
to those es tab lished by ear lier work ers else where on Van -
cou ver is land. This re port, there fore, de scribes the in ter nal
stra tig ra phy of the Karmutsen For ma tion, as re vealed by
re cent map ping, and at tempts to place known oc cur rences
of high-Mg ba salt in the context of this new stratigraphic
framework.

The ex is tence of high-Mg bas alts in the Karmutsen
suc ces sion has im por tant ram i fi ca tions for the min eral po -
ten tial of this Tri as sic flood ba salt prov ince. North ern Van -
cou ver Is land is well known for a num ber of sig nif i cant
metal pros pects and de pos its, in clud ing in tru sion-re lated
Cu-Au-Ag(-Mo) por phyry (e.g., Hushamu, MINFILE
92L  240; the for mer Is land Cop per mine, MINFILE
92L  158; MINFILE, 2007); base and pre cious-metal
skarns (e.g., Merry Widow, MINFILE 92L  044); and epi -
ther mal pre cious-metal en vi ron ments (e.g., Mount
McIntosh – Hushamu, MINFILE 92L  240). All such styles
of min er al iza tion have strong ge netic links to su pra-
subduction zone met al lo gen ic events as so ci ated with the

Late Tri as sic to Early Ju ras sic Bo nanza mag matic arc
(Nixon and Orr, 2007). How ever, ad di tional ex plo ra tion
op por tu ni ties ex ist in the flood ba salt en vi ron ment, which
is known to host world-class mag matic Ni-Cu-PGE
deposits associated with high-Mg basalts or their intrusive
counterparts.

REGIONAL SETTING

The ge ol ogy of north ern Van cou ver Is land has been
pub lished in a se ries of 1:50 000 scale maps (Nixon et al.,
2006a–d), and re vi sions to the Early Me so zoic stra tig ra phy
were made re cently by Nixon and Orr (2007). A gen er al -
ized ge ol ogy map and strati graphic col umn for north ern
Van cou ver Is land are pre sented in Figures 1 and 2.

Van cou ver  Is  land be longs to  the Wrangell ia
tectonostratigraphic terrane (Jones et al., 1977) of Late Pa -
leo zoic to Early Me so zoic rocks, which ex tends north -
wards through the Queen Char lotte Is lands into south ern
Alaska (Wheeler and McFeely, 1991). Wrangellia was
amal gam ated with the Al ex an der Terrane in the Alaska
pan han dle to form the In su lar Superterrane as early as the
Late Car bon if er ous (Gardner et al., 1988), and was
accreted to in board ter ranes of the Coast and Intermontane
belts as late as the mid-Cre ta ceous (Mon ger et al., 1982) or
as early as the Mid dle Ju ras sic (van der Heyden, 1991;
Mon ger and Journeay, 1994). At the lat i tude of north ern
Van cou ver Is land, Wrangellia is in truded to the east by
granitoid rocks of the Coast Plutonic Com plex and fault
bounded to the west by the Pa cific Rim Terrane and meta -
mor phosed and in tru sive rocks of the Westcoast Crys tal line 
Com plex (Wheeler and McFeely, 1991). De vo nian to Early 
Perm ian is land-arc vol ca nic, volcaniclastic and sed i men -
tary rocks of the Sicker and Buttle Lake groups (Massey,
1995a–c), which form the base ment to Wrangellia, are ex -
posed on south ern and cen tral Van cou ver Is land, and the
over ly ing Mid dle Tri as sic shale (‘Daonella beds’) at the
base of the Karmutsen is well ex posed in the Schoen Lake
area, some 30 km southeast of the area shown in Figure 1.

The stra tig ra phy of north ern Van cou ver Is land is
founded upon the Tri as sic tri par tite se quence of Karmutsen 
flood ba salt, Quatsino lime stone and Par son Bay mixed
car bon ate-clastic-vol ca nic suc ces sion, which is di ag nos tic
of Wrangellia (Jones et al., 1977). The oc cur rence of is -
land-arc vol ca nic and volcaniclastic strata in the Par son
Bay For ma tion led Nixon and Orr (2007) to take the Par son
Bay For ma tion out of the Van cou ver Group and place it in
the Late Tri as sic–Mid dle Ju ras sic Bo nanza Group. The lat -
ter group of vol ca nic and sed i men tary rocks, to gether with
co eval granitoid in tru sions of the Is land Plutonic Suite,
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con sti tute the main phase of magmatism of the Bo nanza is -
land arc (Northcote and Muller, 1972; DeBari et al., 1999).

A ma jor contractional event is marked by an an gu lar
un con formity un der ly ing Ju ras sic–Cre ta ceous clastic se -
quences de pos ited on the eroded sur face of the Bo nanza

Group. This ep i sode of de for ma tion is con strained by strata 
of Late Ju ras sic age (Oxfordian–Tithonian) that lo cally un -
der lie more wide spread Cre ta ceous sed i men tary rocks on
north ern Van cou ver Is land and in the Queen Char lotte Is -
lands (Gamba, 1993; Haggart, 1993; Haggart and Carter,
1993).
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Fig ure 1. Re gional ge ol ogy of north ern Van cou ver Is land (com piled by Massey et al., 2005). Ab bre vi a tions for se lected geo graphic lo cal i -
ties: AL, Al ice Lake; BC, Bea ver Cove; BL, Bo nanza Lake; KL, Keogh Lake; ML, Maynard Lake; NL, Nimpkish Lake; RB, Robson Bight; SL,
Sara Lake; VL, Vic to ria Lake.



The his tory of fault ing on north ern Van cou ver Is land is 
com plex and em bod ies Cre ta ceous transpression and Ter -
tiary ex ten sion. The pres ent crustal ar chi tec ture ex hib its a
dom i nant north west erly-trending struc tural grain man i -
fested by the dis tri bu tion of ma jor lithostratigraphic units
and granitoid plutons (Fig 1). Nu mer ous fault-bounded

blocks of homoclinal, Early Me so zoic strata gen er ally dip
to the south west and west (Mul ler et al., 1974). Jura-Cre ta -
ceous clastic strata are pre served as dis pa rate fault-
bounded rem nants of for merly more ex ten sive Cre ta ceous
bas ins (Mul ler et al., 1974; Jeletzky, 1976; Haggart, 1993).
The rel a tively low re lief and high heat flow of north ern
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Fig ure 2. Early Me so zoic stra tig ra phy of north ern Van cou ver Is land, us ing the no men cla ture for Tri as sic–Ju ras sic lithostratigraphic units
pro posed by Nixon and Orr (2007). The geo log i cal time scale is that of Gradstein et al. (2004) ex cept for the Carnian–Norian stage bound -
ary, which is taken from Furin et al. (2006).



Van cou ver Is land re flect tectonism as so ci ated with the de -
vel op ment of the Queen Char lotte Ba sin, a Ter tiary
transtensional prov ince re lated to oblique con ver gence of
the Pa cific and Juan de Fuca plates with the North Amer i -
can Plate (Riddihough and Hyndman, 1991; Lewis et al.,
1997). The dis tri bu tion of Ter tiary vol ca nic cen tres ap pears 
to be strongly in flu enced by high-an gle faults. The north -
east erly-trending Brooks Pen in sula fault zone ap pears to
co in cide with the south ern limit of Neo gene vol ca nism in
the re gion and de lin eate the south ern bound ary of the Ter -
tiary extensional regime in the Queen Charlotte Basin
(Armstrong et al., 1985; Lewis et al., 1997).

WRANGELLIAN FLOOD BASALTS

The geo log i cal set ting and evo lu tion of the Tri as sic
flood bas alts in the Wrangellia Terrane of north ern Van cou -
ver Is land was re cently re viewed by Greene et al. (2006).
The weight of cur rently avail able geo log i cal ev i dence in di -
cates that the vo lu mi nous (>106 km3) Wrangellian flood
bas alts rep re sent an accreted oce anic pla teau formed by the
rise and de mise of a man tle plume (Rich ards et al., 1991).
From fauna and lithostratigraphic cor re la tions, Carlisle and 
Suzuki (1974) con cluded that the Karmutsen bas alts range
from Mid dle to Late Tri as sic (Ladinian–Norian) in age and
were emplaced within ap prox i mately 2.5 to 3.5 Ma. More
re cent U-Pb and geo chron ol ogi cal stud ies have so far failed 
to ac cu rately re solve the age and lon gev ity of Karmutsen
vol ca nism, which is placed at ca. 217 to 233 Ma (see
Greene et al., 2006). De spite their age and low (prehnite-
pumpellyite) grade of ‘burial’ meta mor phism (see Green -
wood et al., 1991 and ref er ences therein), volcanological
and petrographic fea tures of the basalts are typically well
preserved, as shown below.

KARMUTSEN FORMATION

The early work of Gun ning (1932) es tab lished the
‘Karmutsen volcanics’, named for the type area in the
Karmutsen Range just west of Nimpkish Lake, as the dom i -
nant mem ber of the Van cou ver Group. Sub se quently, this
unit was el e vated to for mal lithostratigraphic sta tus by
Suther land Brown (1968) and Mul ler and Car son (1969).
The Karmutsen suc ces sion in cen tral and north ern Van cou -
ver Is land was later sub di vided by D. Carlisle and co work -
ers (Carlisle, 1963, 1972; Carlisle and Suzuki, 1974; Mul -
ler et al., 1974) into three dis tinct and mappable vol ca nic
units: 1) closely packed pil low lavas in the lower part of the
suc ces sion (2900 ±150 m); 2) pil low brec cia and ‘aquagene 
tuff’ in the mid dle (610–1070 m); and 3) mas sive flows at
the top (2600 ±150 m). Intervolcanic sed i men tary lenses,
prin ci pally micritic to bioclastic lime stone and black si li -
ceous shale, oc cur near the top and, less com monly, near the 
base of the mas sive flow unit, and are lo cally as so ci ated
with pil low lavas, pil low brec cias and finer grained, bed -
ded volcaniclastic de pos its. The base of the Karmutsen suc -
ces sion over lies a thick (760–920 m) se quence of black si li -
ceous to cal car e ous shale (‘Daonella beds’) of Mid dle
Tri as sic age, in truded by abun dant mafic sills that are con -
sid ered comagmatic with Karmutsen vol ca nic rocks
(Carlisle, 1972; Carlisle and Suzuki, 1974; Mul ler et al.,
1974). The shale unit is ex posed south of the cur rent area of
in ter est near Schoen Lake (see Greene et al., 2006). Ac -
cord ing to pre vi ous work, es ti mates for the cu mu la tive
thick ness of the Karmutsen For ma tion ex ceed 6000 m.

Yorath et al. (1999) pro posed that the ex cel lent exposures
along Buttle Lake on central Vancouver Island represent
the most complete section.

Re cent map ping of the Karmutsen For ma tion on north -
ern Van cou ver Is land has re sulted in a tri par tite di vi sion of
the vol ca nic suc ces sion (Fig 3–5), anal o gous to the sub -
units orig i nally es tab lished by Carlisle (1963, 1972): 1) a
pil low lava unit at the base, dom i nated by closely packed
pil lowed flows with mi nor in ter ca lated sheet flows; 2) an
over ly ing hyaloclastite unit char ac ter ized by pil low-frag -
ment brec cias and fine-grained hyaloclastite de pos its, and
in ter ca lated lo cally with pil lowed flows through out the
suc ces sion; and 3) an up per mas sive flow unit dom i nated
by subaerial lavas but in clud ing mi nor lime stone, fine-
grained siliciclastic sed i men tary rocks, pil low lavas and
volcaniclastic de pos its near the top and base. The ge netic
term ‘hyaloclastite’ has been adopted to de note vol ca nic
rocks formed by quench-frag men ta tion and autobrec -
ciation dur ing in ter ac tion with wa ter, rather than the clas sic
term ‘aquagene tuff’, as orig i nally em ployed by Carlisle
(1963), which may con note an or i gin via ex plo sive frag -
men ta tion and de po si tion di rectly by pyroclastic pro cesses
(Cas and Wright, 1987). Al though cer tain ba saltic shard
morphologies de scribed by Carlisle (1963) may have a
pyroclastic or i gin, gen er ated, for ex am ple, by steam ex plo -
sions where lava flows en tered the ocean, there is abun dant
ev i dence to con clude that the over whelm ing ma jor ity of
volcaniclastic prod ucts in the Karmutsen suc ces sion are re -
lated to the em place ment and granulation of pillowed
flows, as well as resedimentation of hyaloclastites in the
submarine environment.

Pillow Lava Unit

Pil low lavas in the basal part of the Karmutsen For ma -
tion are ex posed on the coast north of Robson Bight, and in
roadcuts and quar ries along log ging roads stretch ing west
from the Karmutsen Range to Sara Lake, just west of Twin
Peaks (Fig 3). The base of the pil low lava unit is typ i cally
cut off by fault ing and is not ex posed in the map area. The
top of the unit ap pears broadly con form able with over ly ing
beds of hyaloclastite, and map pat terns north west of
Maynard Lake in di cate interdigitation of pil lows and the
basal part of the hyaloclastite unit. The min i mum thick ness
of the pil low lava se quence, as es ti mated in a coastal sec -
tion be tween Bea ver Cove and Robson Bight, is ap prox i -
mately 3000 m, as sum ing no significant repetition by
faults.

Dark grey to grey-green pil lows gen er ally ex hibit
nearly equidimensional to lobate forms up to about 1.5 m in
length and 1 m across, and typ i cally are closely packed with 
very dark grey to black, well-chilled, chlorite-rich selvages
(Fig 6A). The ma jor ity of the pil low se quence is apha ni tic,
nonamygdaloidal and strongly to non mag netic. How ever,
to wards the top of the suc ces sion, pil low lavas may carry
plagioclase pheno crysts and ex hibit amyg da loid al tex tures. 
In di vid ual pil lows may dis play pro nounced ra dial joint ing,
but this is not a com mon fea ture. In ter stices are com monly
de void of clastic ma te rial, or may host subequant to rect an -
gu lar or dis tinctly elon gate, curvilinear shards that rep re -
sent the spalled rims of pil lows (Fig 6B). This ma te rial is
com monly partly al tered to chlorite, epidote, quartz and
car bon ate, for which the lo cal term ‘dallasite’ has been
coined. Com plete re place ment or in fill ing of in ter stices and 
ir reg u lar frac tures by quartz, chlorite, epidote, cal cite, po -
tas sium feld spar and ze o lite usu ally aids in iden ti fy ing pil -
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low morphologies in blasted out crops. Rarely, large pil lows 
in cross-sec tion ex hibit quartz-filled ledges with flat floors
and con vex roofs, in ter preted to rep re sent cav i ties evac u -
ated by lava dur ing em place ment (i.e., small lava tubes).
These drain age chan nels pro vide valu able struc tural in di -
ca tors for way-up, flow ori en ta tion and flow con tacts (bed -
ding). Such fea tures may oc cur as stacked lava tubes within
a single pillow, and have been described previously (e.g.,
Yorath et al., 1999, Fig 46).

Pock ets of pil low brec cia and rare, lam i nated to thinly
bed ded hyaloclastite sand stone and mas sive sheet flows are 
en coun tered lo cally through out the suc ces sion. The sheet
flows may be more com mon than ap pre ci ated due to the
scar city of well-ex posed con tacts and sim i lar ity of their
tex tures to subvolcanic dikes and sills. The best ex po sures
of sheet flows oc cur in quar ries and high roadcuts (Fig 6C).
The con vo lute na ture of their lower con tact, which is typ i -
cally draped over un der ly ing pil lows, serves to dis tin guish
the sheet flows from subvolcanic in tru sions (Fig 6D). Al -
though most sheet flows lack in ter nal struc tures, some ex -
hibit a crude curvilinear joint ing ori ented at a high an gle to
their con tacts. The oc cur rence of sheet flows deep within
the pil  low ba salt  suc ces sion, and their gen er ally
nonamygdaloidal na ture, in di cates that they are truly sub -
ma rine in or i gin rather than the re sult of sea-level os cil la -
tion be tween sub ma rine and subaerial con di tions. Most ap -
pear to have lensoid ge om e try and likely re flect a local
increase in the flow rate relative to the rate of emplacement
of pillows.

In thin sec tion, ba saltic pil low lavas are weakly to
nonamygdaloidal, and aphyric or por phy ritic with small
amounts of plagioclase and/or ol iv ine pheno crysts.
Plagioclase-bear ing and/or amyg da loid al lavas be gin to ap -
pear near the top of the pil low lava suc ces sion. Euhedral to
subhedral plagioclase and ol iv ine pheno crysts (<2 mm)
may form glomerophyric clots, and groundmass plagio -
clase gen er ally forms acicular crys tals. Ol iv ine is com -
pletely re placed by fine-grained inter growths of ser pen -
tine, chlorite, car bon ate, opaque ox ides and/or quartz. In
aphyric pil low lavas, clinopyroxene usu ally forms ra di at -
ing den dritic to sheaf-like crys tals with a vario lit ic tex ture,
or inter gra nu lar microphenocrysts. In por phy ritic lavas,
clinopyroxene is typ i cally some what coarser grained and
exhibits a prismatic or ophitic habit.

Hyaloclastite Unit

The hyaloclastite unit crops out on the coast be tween
Bea ver Cove and Robson Bight, and can be traced west -
ward through well-for ested ground ex tend ing from the
west flank of the Karmutsen Range to Sara Lake (Fig 3).
Where ad e quate struc tural con trol is pres ent, the up per and
lower con tacts of this unit ap pear con form able with over ly -
ing flow and un der ly ing pil low se quences. The thick ness of 
this unit var ies con sid er ably across the map area. It at tains
an es ti mated max i mum thick ness of ap prox i mately 1550
±200 m in a coastal sec tion north of Robson Bight, and may
be less than 40 m thick in the Maynard Lake area.

Ex cel lent ex po sures of the hyaloclastite unit are found
along the coast south of Bea ver Cove (Fig 3). Mas sive to
thickly bed ded vol ca nic brec cia is the dom i nant li thol ogy,
interbedded with sub or di nate, well-bed ded ba saltic sand -
stone and lesser amounts of pil low lava. The re la tion ships
be tween all three rock types and their in her ent tex tural
char ac ter is tics are well il lus trated in the coastal sec tion. At

one lo cal ity, for ex am ple, dark green ish grey, closely
packed pil low lavas are suc ceeded up ward by sand stones
and vol ca nic brec cias, and tex tures and a wealth of sed i -
men tary struc tures elu ci date the or i gin and mode of de po si -
tion of the volcaniclastic rocks (Fig 7). The low er most pil -
lows (<1 m in length) are apha ni tic and nonamygdaloidal,
and have lo cally trapped lam i nated and de formed sed i ment
in their in ter stices dur ing em place ment (Fig 7A). The pil -
lows are over lain by pale buff to dark grey-green weath er -
ing, thinly lam i nated to me dium-bed ded, me dium to
coarse-grained sand stone com posed pre dom i nantly of an -
gu lar to subangular ba saltic shards of hyaloclastite or i gin.
The thicker beds of hyaloclastite sand stone may en close
an gu lar to subrounded clasts of ba salt (<8 cm across), some
of which pre serve chilled pil low rinds, whereas lam i nated
ho ri zons may dis play crossbedding and spec tac u lar slump
folds and fluidization struc tures (Fig 7B, C). At the lo cal ity
il lus trated, slumped beds lie di rectly be neath a very thick
bed of dark grey-green hyaloclastite brec cia con tain ing
sparse pil low frag ments and rare whole pil lows, up to 1.5 m
in length, set in a finely comminuted sand-size ma trix of
gran u lated hyaloclastite ma te rial. The clasts are gen er ally
ma trix sup ported and poorly sorted. Many clasts are not ob -
vi ously de rived from pil low rims and prob a bly rep re sent
frag mented pil low cores. Else where, pil low-frag ment
brec cias are more eas ily rec og nized due to the abun dance
of clasts of bro ken and whole pil lows (Fig 7D). The lower
con tact of the un der ly ing dis turbed-bed ding ho ri zon
(Fig 7B) is marked by a fairly sharp dis con ti nu ity, whereas
the up per con tact is tran si tional into the ma trix of the brec -
cia bed. Graded bed ding is ev i dent in some of the thin sand -
stone beds, and crude nor mal grad ing may be rarely rec og -
nized in some of the brec cia lay ers. From these well-
pre served sed i men tary fea tures, it is clear that the coarse
vol ca nic brec cias were emplaced via de bris flows car ry ing
un con sol i dated hyaloclastite material downslope, thereby
causing rapid loading and dewatering, and localized
detachment, of semiconsolidated hyaloclastite sandstone
deposited previously by turbidity currents.

In thin sec tion, the hyaloclastite sand stone and the
brec cia ma tri ces are rich in dark brown, an gu lar to
subangular, subequant to highly elon gate shards of
palagonitized and devitrified, pseudo-iso tro pic ba saltic
glass, rep re sent ing the resedimented quench-frag men ta -
tion prod ucts of pil low lava (Fig 8). Finely comminuted
ma tri ces are gen er ally per va sively al tered to a fine-grained
mix ture of chlorite, quartz and prehnite, along with mi nor
epidote, car bon ate and iron ox ide. The rims of shards and
clasts are com monly bleached and/or marked by con cen tra -
tions of finely crys tal line opaque ma te rial, and some frag -
ments pre serve whole or par tial ves i cles usu ally infilled by
sec ond ary min er als. Bro ken plagioclase crys tals oc cur in
some ma tri ces, and larger clasts may en close euhedral to
subhedral plagioclase phenocrysts (Fig 8B).

Massive Flow Unit

A thick se quence of subaerial flows caps the lava pile
and forms the most ae ri ally ex ten sive map unit in the
Karmutsen For ma tion of north ern Van cou ver Is land. The
lower con tact with the hyaloclastite unit is es sen tially con -
form able (lo cal, irresolvable disconformities prob a bly ex -
ist), and flows gen er ally rest on pil low-frag ment brec cia or
pil low lava lo cally pres ent at the top of the hyaloclastite
suc ces sion. At some lo cal i ties, pil low-like morphologies
scat tered within more mas sive flows may mark a tran si tion
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Fig ure 3. Gen er al ized ge ol ogy of the Late Tri as sic Karmutsen For ma tion in the Port Al ice – Port McNeill – Robson Bight area, show ing the lo ca tion of ol iv ine-bear ing and high-Mg bas alts in re -
la tion to the dis tri bu tion of mas sive flow, hyaloclastite and pil low lava se quences. Other map units are un dif fer en ti ated (grey), ex cept for the Ter tiary Alert Bay vol ca nic rocks and in tru sions of
the Is land Plutonic Suite (see Fig 1).



from sub ma rine to subaerial ef fu sive vol ca nism. At the up -
per con tact, Quatsino lime stone rests di rectly on the flows,
or is sep a rated from them by a thin (<1 m) layer of cal car e -
ous ba saltic sand stone and siltstone rep re sent ing the wa ter-
laid weath er ing prod ucts of the lava shield. The up per most

part of the flow se quence has a dis tinc tive
stra tig ra phy that in cludes thin (typ i cally
<6 m thick and rarely ex ceed ing 15 m)
pock ets and lenses of pale grey weath er -
ing, micritic to bioclastic, and rarely
oolitic, intervolcanic lime stone, sim i lar to 
the Quatsino For ma tion, and rare shale
and siltstone. Lo cally, intra-Karmutsen
lime stone is as so ci ated with thin se -
quences of pil low lava and hyaloclastite
de pos its, which may also oc cur in ter ca -
lated be tween the flows. Dis tinc tive
megacrystic lavas, charged with blocky to 
p r i s  ma t ic ,  euhedra l  t o  subhedra l
plagioclase crys tals reach ing 1 to 2 cm in
length, are re stricted to this part of the
sec tion (Fig 5). The min i mum thick ness
of the mas sive flow unit, as es ti mated
from its up per contact with Quatsino
limestone to the granitoid intrusion west
of  Beaver Cove,  is  approximately
1500 m.

The dark grey to grey-green or dusky
red flows are gen er ally apha ni tic to fine
grained, es pe cially in flow in te ri ors, or
plagioclase phyric, and have strongly
amyg da loid al to nonamygdaloidal tex -
tures and mod er ate to strong mag netic re -
sponse. Plagioclase pheno crysts (typ i -
cally <4 mm) are more com mon in the
up  pe r  pa r t  o f  the  f low se  quence.
Plagioclase megacrysts (usu ally 1–2 cm)
oc cur in bas alts near the top of the unit,
gen er ally be low intra-Karmutsen lime -
stone, and are evenly dis trib uted through -
out the flow (10–20 vol% crys tals) or lo -
cally con cen trated in zones with up to
40 to 50 vol% crys tals. The megacrysts
are gen er ally ar ranged hap haz ardly, pre -
sum ably due to the high viscosity of these
crystal-choked layers.

The mor phol ogy of the mas sive flow
unit is com monly ren dered as ledges pro -
trud ing from steep hill sides. The unit is
com posed pre dom i nantly of sim ple
flows, gen er ally rang ing from about 2 to
6 m thick, al though some flows are thin -
ner (<0.5 m) and oth ers ap pear to ex ceed
15 m in thick ness. Rarely, ropy and
smooth ‘pahoehoe’ lava crusts and lobes
in com pound flows are well pre served
(Fig 9A–C). The con tacts be tween in di -
vid ual flows are typ i cally sharp and pla -
nar to curvilinear, and are in dis tinct in
many out crops. De fin i tive fea tures mark -
ing flow con tacts in clude amyg da loid al
flow tops over lain by dense, com pact
zones at the base of the over rid ing flow
that lo cally ex hibit hackly joint pat terns
and/or zones of pipe ves i cles com monly
filled with quartz and zeolites (Fig 9D).

Con tacts may ex hibit no tice ably dif fer ent de grees of ox i da -
tion, as re flected by hematitic al ter ation, but flow brec cia
and paleosol de vel op ment are en tirely ab sent. As noted by
Greene et al. (2006), co lum nar joint ing, com mon in many
con ti nen tal flood ba salt prov inces, is com pletely lack ing in
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Fig ure 4. Leg end for the ge ol ogy map of the Karmutsen For ma tion (Fig 3, op po site).

Fig ure 5. Stra tig ra phy of the Karmutsen For ma tion, show ing the tri par tite sub di vi sion
into basal pil low lavas, over ly ing hyaloclastite de pos its and youn ger mas sive flow units. 
Note that known oc cur rences of high-Mg ba salt ap pear to lie near the top of the pil low
lava se quence.



Karmutsen flows. Crude co lum nar joint ing, how ever, has
been ob served in cer tain sills. By far the most com mon in -
ter nal fab ric is a flow lam i na tion marked by amyg dule con -
cen tra tions rang ing from sev eral centi metres to (rarely)
0.5 m thick and com monly ar ranged in par al lel lay ers
within the out crop. This amyg da loid al lay er ing in vari ably
shares the same ori en ta tion as flow con tacts, where pres ent, 
and may be used as a valu able struc tural in di ca tor in the ab -
sence of bed ding in for ma tion (Fig 3). Nested drain age
chan nels filled with drusy quartz crys tals, iden ti cal to those
de scribed pre vi ously in the basal pil low lava unit, are
sparsely distributed yet provide good substitutes for
bedding and clear evidence of local flow orientation (Fig
9E, F).

In thin sec tion, the por phy ritic flows con tain pheno -
crysts of plagioclase, or both ol iv ine and plagioclase, set in
a fine-grained groundmass con tain ing clinopyroxene,
plagioclase and opaque ox ides. Subhedral to anhedral ol iv -
ine crys tals (<1.5 mm) are found in lavas with as lit tle as
6 wt% MgO (see be low). Megacrystic flows con tain euhe -
dral laths and blocky crys tals of calcic plagioclase up to
2 cm in length and ex hibit ei ther a se rial size gra da tion to -
wards the groundmass or hiatal tex tures. Subhedral ol iv ine
com monly forms glomerophyric inter growths with, or in -
clu sions within, plagioclase pheno crysts. Clinopyroxene
may be pres ent as inter gra nu lar grains, par tic u larly in
aphyric flows, or dis play subophitic to ophitic tex tures,
most prev a lent in plagioclase-phyric lavas, es pe cially the

cen tres of thick flows. Sec ond ary al ter ation as sem blages
and amyg dule in fill ings in clude quartz, epidote, chlorite,
ze o lite, po tas sium feld spar and car bon ate, and rarely iron
oxides, chalcopyrite and native copper.

High-Mg Lavas

The high-Mg lavas are ar bi trarily de fined as hav ing
MgO >10 wt% and, in the geo chem i cal clas si fi ca tion de -
scribed be low, are pre dom i nantly magnesian ba salt and
picrite. The prin ci pal out crops are at Keogh Lake, the type
lo cal ity, and close to Sara Lake in the west and Maynard
Lake in the east (Greene et al., 2006). New ex po sures of
high-Mg lavas iden ti fied in this study are sit u ated on the
east ern side of the Maynard fault (Fig 3). To date, prac ti -
cally all high-Mg lavas are re stricted to the basal pil low ba -
salt unit, where they form both pil lowed and sheet flows. A
subvolcanic dike and pil low-frag ment brec cia de scribed by 
Greene et al. (2006, Fig 7, 8) like wise have high-Mg com -
po si tions. The strati graphic po si tion of these high-Mg
rocks, as de ter mined in this study, lies close to the top of the
basal pil low ba salt se quence and within the base of the
overlying hyaloclastite unit (Fig 3, 5).

All high-Mg rocks con tain vari able amounts of ol iv ine
pheno crysts, rarely vis i ble in out crop due to com plete re -
place ment by sec ond ary min eral as sem blages (see Greene
et al., 2006, Fig 6, 7). Ol iv ine pheno crysts, typ i cally ac -
com pa nied by plagioclase, also oc cur in rocks with
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Fig ure 6. Karmutsen pil low ba salt: A) closely packed pil lows in ter ca lated with pil low brec cias in ferred to lie near the top of the mas sive
subaerial flow unit (lo cal ity 06GNX3-3-1); B) elon gate to curvilinear glassy shards formed from quench-frag mented rinds of tholeiitic pil lows
in the basal pil low ba salt unit, devitrified and al tered to chlorite, quartz, epidote and ze o lite (‘dallasite’); C) lo cal ized mas sive sheet flow in -
ter ca lated with high-Mg pil low lavas near the top of the pil lowed unit (lo cal ity 06GNX34-4-1); D) de tail of base of sheet flow (in set in C)
draped over pil lows.
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Fig ure 7. Volcanological and sed i men tary fea tures of the hyaloclastite unit: A) intraformational pil low lava (P) with trapped interpillow
hyaloclastite sed i ment (I), over lain by thinly bed ded hyaloclastite sand stone ex hib it ing remobilized bed ding near the con tact with over ly ing
hyaloclastite brec cia (Hbr) rich in bro ken pil low frag ments (lo cal ity 07GNX10-5-1); B) slumped and ro tated hyaloclastite beds be neath pil -
low-brec cia de bris flow (area shown in A); C) well-de vel oped flame struc tures (F) and load casts (L) in beds be low a de bris flow that also ex -
hibit crossbeds (X) and con tain dis persed ba saltic clasts (C; in set shown in A); D) pil low-frag ment brec cia ex hib it ing dis persed whole pil -
lows and a rusty, py ritic hyaloclastic ma trix (lo cal ity 06GNX34-6-1).

Fig ure 8. Pho to mi cro graphs of hyaloclastite tex tures: A) dark brown, palagonitized shards of devitrified, pseudo-iso tro pic ba saltic glass
and more finely comminuted ma te rial in lam i nated hyaloclastite sand stone, par tially re placed and ce mented by prehnite (white); B) small
an gu lar clast of palagonitized ve sic u lar ba salt (lower left) with a par tially em bed ded plagioclase phenocryst (Pl) en closed in hyaloclastite
sand stone. Both pho to mi cro graphs are of sam ple 07GNX11-4-1 in plane-po lar ized trans mit ted light.



<10 wt% MgO, which ap pear more wide spread (Fig 3).
High-Mg lavas are dif fi cult to dis tin guish from tholeiitic
ba salt in the field, and pos i tive iden ti fi ca tion re quires geo -
chem i cal anal y sis and petrographic ob ser va tion. The most
di ag nos tic phys i cal prop erty is their gen er ally non mag netic 

char ac ter and extremely low magnetic susceptibility
readings.

The dark grey to green ish grey high-Mg pil low lavas
are typ i cally closely packed with vir tu ally no in ter sti tial
hyaloclastite, and are spa tially as so ci ated with less
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Fig ure 9. Volcanological fea tures of subaerial Karmutsen bas alts: A) cross-sec tion through thin ‘pahoehoe’ flow lobes with smooth un du la -
tory con tacts dip ping gently to wards cam era (lo cal ity 06GNX11-5-1); B) close-up of curvilinear, ropy (pahoehoe) lava crust pro trud ing be -
low thin over ly ing flow (area shown in A); C) smooth pahoehoe flow lobe in the same quarry; D) sharp con tact be tween mas sive flows, show -
ing amyg dule-rich flow top in sharp con tact with the dense base of the over ly ing flow, which ex hib its a well-de vel oped zone of pipe ves i cles
de formed in the di rec tion of flow (left to right; lo cal ity 07GNX25-5-1); E) mas sive flow unit, ex hib it ing mul ti ple lava drain age ledges (lave
tubes) infilled with quartz (lo cal ity 07GNX13-5-1); F) close-up of vug gy quartz ledges (area shown in E).



magnesian tholeiitic ba salt. The Keogh Lake picritic ba salt
forms both pil lowed flows and mi nor sheet flows (Fig 10;
cf. Greene et al., 2006, Fig 6). The sam ple of high-Mg pil -
low brec cia taken close to the base of the hyaloclastite unit
co mes from a dark grey-green, mas sive layer of cha ot i cally
dis trib uted, an gu lar to subrounded, ma trix-sup ported clasts 
(<35 cm), some of which ex hibit chilled pil low mar gins, set 
in a chloritized and car bon ate-al tered clastic matrix.

Petro graphi cally, the high-Mg pil low lavas con tain
abun dant ol iv ine, typ i cally 10 to 25 vol% but reach ing
40 vol% in some sam ples. Euhedral to subhedral ol iv ine
crys tals (1–4 mm) are the sole phenocryst phase in high-Mg 
lavas with >12 wt% MgO (i.e., picrite, ac cord ing to the re -
vised IUGS clas si fi ca tion dis cussed be low). The mor phol -
ogy and abun dance of ol iv ine pheno crysts is sim i lar in both
high-Mg sheet flows as so ci ated with the pil low lavas
(Fig 10) and the rare dikes that fed these lavas. The ol iv ine
in these rocks is pre dom i nantly re placed by talc, in con trast
to the less magnesian ol iv ine-bear ing ba salt, where re -
place ment prod ucts gen er ally in clude ser pen tine, chlorite,
car bon ate and quartz. Subequant to lath-shaped pheno -
crysts (<4 mm) of calcic plagioclase gen er ally co ex ist with
ol iv ine in the lat ter group of lavas. Where ol iv ine and
plagioclase form glomerophyric inter growths, ol iv ine is
the sub or di nate phase. Clinopyroxene in the high-Mg lavas
is typ i cally intergrown with calcic plagioclase to form
subophitic to well-de vel oped variolitic textures (illustrated
by Greene et al., 2006, Fig 5).

GEOCHEMICAL CLASSIFICATION

Whole-rock anal y ses of Karmutsen ba salt from north -
ern Van cou ver Is land are plot ted in Fig ure 11. All an a lyzed
sam ples were ex am ined petro graphi cally to de ter mine the
de gree of al ter ation, based on the abun dance of amygdules
infilled by sec ond ary min er als, no ta bly quartz, chlorite,
car bon ate, epidote, seri cite, po tas sium feld spar, prehnite,
zeolites and, rarely, pumpellyite; and the de gree of re place -
ment of calcic plagioclase, mainly by seri cite and clay min -
er als but also in volv ing par tial re place ment by chlorite, car -

bon ate and epidote. Ac cord ingly, the geo chem i cal di a -
grams show only the least al tered rocks, ex cept for Fig -
ure 11D, where al tered and amyg da loid al samples (>10 vol
% amygdules) are represented.

A to tal al ka lis ver sus sil ica (TAS) plot shows the
subalkaline na ture of the suite (Fig 11A). The lavas fall
within the ba salt field in the TAS clas si fi ca tion (LeMaitre et 
al., 1989) and ex hibit a large range of to tal al kali con tent
(approx. 0.5–5.0 wt%) rel a tive to their rather lim ited vari a -
tion in sil ica (approx. 50 ±2.5 wt%). The AFM di a gram
(Fig 11B) shows that the subalkaline bas alts be long to a
tholeiitic lin eage with mod er ate iron enrichment.

Both least-al tered and al tered bas alts are plot ted in the
IUGS clas si fi ca tion scheme for high-Mg lavas (Fig 11C, D, 
re spec tively; Le Bas, 2000). Ol iv ine-bear ing ba salt dis -
plays a con sid er able range of MgO abun dances (approx.
5.5–19 wt%), ex tend ing from ‘nor mal’ ba salt MgO con cen -
tra tions through picrite to komatiitic com po si tions. The
sam pling is suf fi cient to il lus trate a con tin uum of MgO
abun dances in these ol iv ine-bear ing lavas. The picrite in
this clas si fi ca tion scheme is de fined by MgO >12 wt%,
SiO2 <52 wt% and Na2O + K2O <3 wt%. Komatiite has
MgO >18 wt%, SiO2 <52 wt%, to tal al ka lis <2 wt% and
TiO2 <1 wt% (and see Greene et al., 2006, Fig 2C). Lavas
that fall within the picrobasalt field in the high-Mg clas si fi -
ca tion are, in fact, sim ply ba salt in the TAS clas si fi ca tion
(Fig 11A) be cause, in or der to qual ify as ‘picrobasalt’, sil -
ica in these rocks must lie within the range 41 to 45 wt%
SiO2 (Le Bas, 2000), which is not the case. Ol iv ine-free ba -
salt falls near the lower limit of MgO con cen tra tions
(<7.5 wt%), but there is con sid er able compositional over -
lap be tween the ol iv ine-free and ol iv ine-bear ing groups.
Mag ne sium-poor lavas in the latter group are characterized
by minor to trace amounts of olivine (Fig 11E).

The amyg da loid al and al tered rocks plot ted in Fig -
ure 11D show a dis tinct bias to wards higher av er age al kali
con tents in the Mg-poor part of the compositional spec -
trum. The com po si tions of the least al tered lavas like wise
ex tend to sim i lar high al kali abun dances (Fig 11C). We
con clude that this be hav iour re flects vary ing de grees of al -
kali metasomatism un suc cess fully fil tered by petrographic
criteria alone.

Greene et al. (2006) ob served that the Keogh Lake
picritic ba salt has the high est MgO abun dances pres ently
known within the Wrangellian flood ba salt prov ince, and
that its prim i tive na ture re flects par tial melt ing gen er ated
by the as cent of a man tle plume be neath the oce anic pla -
teau. It must be noted, how ever, that Karmutsen lavas with
the high est MgO con tents do not nec es sar ily rep re sent the
com po si tions of such par tial melts. For ex am ple, it is clear
from the strong pos i tive cor re la tion be tween MgO and
modal ol iv ine (Fig 11E) that crys tal sort ing has played a
role in de ter min ing the MgO con tent of these lavas. The
high modal abun dance of ol iv ine in the most magnesian
lavas may be rec on ciled by crys tal ac cu mu la tion, whereas
com po si tions de pleted in MgO likely re flect crys tal frac -
tion ation of a more magnesian pa ren tal magma. It is im por -
tant to note that rocks fall ing within the ‘komatiite’ field in
the geo chem i cal clas si fi ca tion di a gram con tain ap prox i -
mately 40 vol% poly he dral ol iv ine pheno crysts that are
mor pho log i cally iden ti cal to those ob served in the picrite
and more magnesian ba salt. These tex tural at trib utes, to -
gether with the com plete lack of spini fex tex tures and close
as so ci a tion with picritic ba salt, are con sis tent with a cu mu -
late or i gin for these MgO-rich com po si tions (cf. Kerr and
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Fig ure 10. Pho to mi cro graph of high-Mg ba salt in a mas sive sheet
flow at the type lo cal ity at Keogh Lake. Euhedral to subhedral ol iv -
ine pheno crysts are set in a groundmass of calcic plagioclase,
clinopyroxene and gran u lar opaque ox ides. The ol iv ine is com -
pletely re placed by talc±chlorite and fine-grained mag ne tite. Sam -
ple 07GNX37-1-1 in plane-po lar ized trans mit ted light.
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Fig ure 11. Whole-rock geo chem i cal plots of Karmutsen bas alts: A) to tal al ka lis vs SiO2 plot, show ing the discriminant for al ka line and
subalkaline rock se ries (Irvine and Baragar, 1971) and the IUGS clas si fi ca tion of LeMaitre et al. (1989); B) to tal al ka lis – to tal Fe as
FeO (FeOt) – MgO (AFM) plot, show ing the discriminant be tween tholeiitic and calcalkaline rock se ries (Irvine and Baragar, 1971); C)
and D) to tal al ka lis vs MgO plots, show ing the IUGS re clas si fi ca tion for high-Mg and picritic vol ca nic rocks (Le Bas, 2000); ‘least al -
tered’ sam ples are shown in C, whereas al tered and amyg da loid al sam ples are plot ted in D; E) MgO vs modal ol iv ine (vol%) plot for
se lected ba salt sam ples. All anal y ses are re cal cu lated to 100 wt% an hy drous with to tal iron as FeO.



Arndt, 2001). Thus, the most prim i tive melts in the
Karmutsen For ma tion may have picritic rather than
komatiitic com po si tions, which has relevance to potential
models for Ni-Cu-PGE mineralization in the Wrangellian
flood basalt province, as discussed below.

EVOLUTION OF THE OCEANIC
PLATEAU

The stra tig ra phy of the Karmutsen For ma tion re flects
the evo lu tion of the Wrangellia oce anic pla teau, a re cord of
events not un like mod ern hot-spot vol ca noes such as Ha -
waii. The enor mous out pour ings of mainly aphyric pil low
lava and lo cal ized sheet flows, rep re sented by the basal pil -
low lava unit, mark the ini tial phase of sub ma rine ef fu sive
ac tiv ity, which con structed a seamount(s) ris ing from the
deep ocean floor. The amyg da loid al na ture of the up per -
most  pil  low lavas and brec cias  in the over  ly ing
hyaloclastite unit in di cate that, as the vol ca nic ed i fice grew
and reached rel a tively shal low depths (<500 m), mag mas
were able to exsolve small amounts of volatiles. The erup -
tion and em place ment of high-Mg lavas oc curred at the
tran si tion from pillow lava emplacement to hyaloclastite
deposition.

The thick se quence of volcaniclastic rocks de pos ited at 
the tran si tion from sub ma rine to subaerial vol ca nism likely
re flects a va ri ety of frag men ta tion pro cesses, in clud ing
ther mal con trac tion of cool ing pil lows and in ter nal ex pan -
sion of grow ing pil low tubes, wave ac tion, mi nor ex plo sive
ac tiv ity trig gered by vol a tile re lease and sea wa ter-magma
in ter ac tion, and earth quake-in duced and grav i ta tional col -
lapse of oversteepened pil low ram parts. Many pil low-frag -
ment brec cias and sand stone ho ri zons are rich in
hyaloclastite ma te rial, pre sum ably gen er ated in shal low
wa ter and re de pos ited downslope by debris flows and
turbidity currents, respectively.

As erup tions breached sea level, out pour ings of highly
amyg da loid al, fluid ba saltic lava be gan to con struct a
gently slop ing shield vol cano. The plagioclase-phyric and
megacrystic flows were emplaced late in the evo lu tion of
the shield. As vol ca nism waned due to de cay of the man tle
plume, ther mal con trac tion of the litho sphere led to sub -
mer gence of the shield.  Lo cal  ized de po si t ion of
intervolcanic lime stone, pil low lava and hyaloclastite de -

pos its in ter ca lated with subaerial flows at the top of the
Karmutsen suc ces sion re cords the fi nal stages of ef fu sive
ac tiv ity as sub mer gence com menced. The pres ence of thin,
dis con tin u ous beds of ba saltic sand stone and ab sence of a
well-de vel oped regolith or coarse con glom er atic de pos its
re flect the lack of deeply in cised to pog ra phy and rapid sub -
mer gence. Ces sa tion of vol ca nic ac tiv ity led to the
deposition of platform carbonate, represented by Quatsino
limestone.

POTENTIAL FOR NI-CU-PGE
MINERALIZATION

Flood ba salt vol ca nism is as so ci ated with some im por -
tant mag matic ore de pos its, one pre mier ex am ple be ing the
Ni-Cu-PGE sul phide min er al iza tion of the Noril’sk-
Talnakh re gion of Si be ria (Fig 12). Eco nomic con cen tra -
tions of ore met als (pro duc tion + re serves) at Noril’sk to tal
some 555 mil lion tonnes of 2.7% Ni, 3.9% Cu, 3 g/t Pt and
12 g/t Pd (Lightfoot and Hawkesworth, 1997). Naldrett
(2004) noted that the Noril’sk ores ex ceed all other de pos -
its, both Ni-Cu and PGE de pos its, in the value of in situ
met als per tonne. The sulphides are hosted by comagmatic
in tru sions that have been in ter preted as con duits for part of
a thick (~3.5 km) se quence of con ti nen tal flood bas alts
erupted at the Perm ian–Tri as sic bound ary. Like the
Wrangellian flood bas alts, the enor mous vol ume of Si be -
rian trap bas alts (>2 x 106 km3; Fedorenko, 1994) erupted
over such a short time in ter val (250 ±1 Ma; Sharma, 1997)
that their con se quently rapid erup tion rate and lack of de -
fin i tive ev i dence for em place ment dur ing a ma jor rift ing
event have been used to sup port a plume ini ti a tion model
for their or i gin (cf. Greene et al., 2006). As pects of the ge ol -
ogy and gen e sis of the Noril’sk de pos its and their related
flood basalts, therefore, have metallogenic significance
here.

Geo chem i cal stud ies of the host in tru sions and flood
bas alts at Noril’sk have in di cated that, in a gen eral sense
(and al beit con tro ver sial), the pro cesses that formed the ore
de pos its are to some de gree re flected in the lavas (cf. Arndt
et al., 2003; and see Naldrett, 2004 for a sum mary of per ti -
nent con tro ver sies). The mag matic sulphides are hosted by
gab bro-dolerite (9–16 wt% MgO) and ol iv ine-rich picrite
(18–29 wt% MgO) in tru sions emplaced in Pa leo zoic sed i -
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Fig ure 12. Sche matic geo log i cal cross-sec tion of the Noril’sk re gion (af ter Naldrett, 2004). Ver ti cal scale is greatly 
ex ag ger ated rel a tive to hor i zon tal scale.



men tary rocks that in clude sul phate-rich evaporites and
coal mea sures. In or der to sat isfy the geo chem i cal data,
most work ers agree that the com plex ar chi tec ture of con -
duits pres ently plugged by these in tru sions were the sites of
dy namic, open mag matic sys tems feed ing the vol ca nic pile. 
Hot, prim i tive high-Mg (picritic) lavas form a small pro -
por tion of the over ly ing flood-ba salt stra tig ra phy in the
Noril’sk re gion (<1% of the strati graphic thick ness, ac -
cord ing to Fedorenko, 1994), and are con sid ered to rep re -
sent pa ren tal mag mas for the frac tion ated tholeiite. The
pres ence of high-Mg lavas is none the less im por tant, since
these mag mas in her ently con tain el e vated abun dances of
Ni, and po ten tially Cu and PGE, and are the most likely
can di dates to be sul phur undersaturated and there fore ca pa -
ble of precipitating economic concentrations of metals in
magmatic sulphides (Keays, 1995).

Some of the im por tant evo lu tion ary as pects of the
Noril’sk-Talnakh sys tem are shown sche mat i cally in Fig -
ure 13. Lightfoot and Hawkesworth (1997) ob served that
the chem i cal stra tig ra phy of the flood ba salt pile re cords a
strong de ple tion of chalcophile el e ments, as mon i tored by
Cu, over ap prox i mately 200 m of stra tig ra phy, fol lowed by

a grad ual up ward re cov ery in the tenor of Cu, Ni and PGE
in the suc ceed ing lavas over a 700 m strati graphic in ter val.
They em pha sized that the lavas that show the stron gest de -
ple tions of chalcophile el e ments, re flect ing equil i bra tion
with sul phide ores at depth, are also those that have ex pe ri -
enced the most crustal con tam i na tion by lower to
midcrustal rocks. They ar gued that the in crease in sil ica in
con tam i nated mag mas was pri mar ily re spon si ble for driv -
ing mag mas to wards sul phide ore for ma tion in shal lower
crustal magma cham bers, and not the ad di tion of crust-de -
rived S from evaporite-rich sed i ments. Since the sul phide
ores con tain an un usu ally high tenor of met als, the im mis ci -
ble sul phide drop lets must have scav enged met als from
very large vol umes of ba saltic magma mi grat ing through
the con duit sys tem, leav ing the erupted lavas sym pa thet i -
cally de pleted in these met als (the ‘R fac tor’ of Camp bell
and Naldrett, 1979). The grad ual re cov ery in metal abun -
dances ex hib ited by lavas higher in the strati graphic sec tion 
is con sid ered to re flect pro gres sive iso la tion of sulphides
from dy namic in ter ac tion with fresh in puts of magma, pos -
si bly by grav i ta tional set tling of heavy sul phide drop lets in
hy dro dy namic traps so as to form the more massive
orebodies where Cu-rich ores subsequently fractionated
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Fig ure 13. Sche matic model for the evo lu tion of the Noril’sk sys tem (af ter Lightfoot and Hawkesworth, 1997). Stage 1: picritic
and tholeiitic lavas of the Tuklonsky For ma tion (Tk) were erupted through con duits sit u ated east of Noril’sk. Stage 2: Erup tion
of Nd1 lavas at Noril’sk gen er ated by con tam i na tion and crys tal frac tion ation of prim i tive Tk mag mas with granodiorite at
depth fol lowed by as sim i la tion of evaporitic sed i ments at shal low lev els in the con duit sys tem; the el e vated sil ica and sul phur
con tents of con tam i nated mag mas lead to pre cip i ta tion of im mis ci ble sulphides that ponded and re acted with fresh magma
batches of Nd1 (Nadezhdinsky lavas) pass ing through the con duits. Stage 3: Con tin ued through put of Nd1 magma up graded 
the Ni, Cu and PGE tenor of ponded sul phide liq uids, caus ing the metal de ple tion ob served in the lavas; as sub se quent Nd2,
Nd3 and Mr (Morongovsky) mag mas as cended through the con duits, the sulphides be came pro gres sively iso lated from the
mag mas and the de gree of metal de ple tion de clined, pro duc ing the ob served up ward in crease of chalcophile el e ment abun -
dances with strati graphic height. Stage 4: The Noril’sk sys tem shut down as magmatism mi grated north east; sul phide liq uids
frac tion ated to form the Cu-rich ores.



(Czamanske et al., 1992; Lightfoot and Hawkesworth,
1997).

Ex plo ra tion strat e gies for Ni-Cu-PGE de pos its as so ci -
ated with the Wrangellian flood bas alts should find cer tain
as pects of the Noril’sk model in trigu ing. The oc cur rence of
high-Mg ba saltic lavas in the Karmutsen For ma tion of
north ern Van cou ver Is land dem on strates that this part of
the flood ba salt prov ince re ceived a sup ply of hot prim i tive
magma, pre sum ably S-undersaturated and there fore ca pa -
ble of form ing mag matic sul phide ores. The lat eral ex tent
of these high-Mg lavas is pres ently un known, and no sys -
tem atic geo chem i cal stud ies of the flood ba salt stra tig ra phy 
have been un der taken with a view to pros pect ing for lavas
with anomalously low chalcophile-element abundances.

Subvolcanic plumb ing sys tems are ex posed at the base
of the Karmutsen For ma tion as dikes and sills in the Mid dle
Tri as sic ‘sed i ment-sill’ unit (Mul ler et al., 1974, ‘Daonella
beds’ of Fig 2). These py ritic shale and siltstone beds, and
the older Pa leo zoic base ment rocks they over lie, are po ten -
tial sources of the si li ceous and sul phur-bear ing con tam i -
nants ap par ently re quired to in duce mag matic sul phide seg -
re ga tion in prim i tive melts. As doc u mented by Greene et al. 
(2006), small con cen tra tions of dis sem i nated sulphides
have been ob served at the con tact of some subvolcanic
Karmutsen sills; and some chem i cal sub types of tholeiitic
ba salt with sig nif i cant quan ti ties of PGE ap pear to have
erupted close to sul phur sat u ra tion (J.S. Scoates, un pub -
lished data). These ob ser va tions, to gether with the lim ited
amount of geo chem i cal data cur rently avail able for the Tri -
as sic flood bas alts and their in tru sive counterparts, should
be particularly encouraging for mineral exploration.
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Geology and Mineral Occurrences of the Timothy Lake Area,
South-Central British Columbia (NTS 092P/14)

by P. Schiarizza and J.S. Bligh
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batholith,  Spout Lake pluton, Peach Lake stock,
monzodiorite, monzonite, cop per, gold, por phyry, skarn

INTRODUCTION

The Takomkane Pro ject is a multiyear bed rock map -
ping pro gram ini ti ated by the Brit ish Co lum bia Geo log i cal
Sur vey in 2005. This pro gram is fo cused on Me so zoic arc
vol ca nic and plutonic rocks of the Quesnel Terrane in the
vi cin ity of the Takomkane batholith, which crops out in the
north ern Bonaparte Lake (NTS 092P) and south ern
Quesnel Lake (NTS 093A) map sheets. Map ping dur ing the 
2005 and 2006 field sea sons cov ered the Canim Lake and
Hendrix Lake map ar eas, and is sum ma rized by Schiarizza
and Boulton (2006a, b) and Schiarizza and Macauley
(2007a, b). Here, we pres ent pre lim i nary re sults from the
third year of map ping for the Takomkane Pro ject, which
was car ried out by a four-per son crew from mid-June to the
end of Au gust, 2007. This work cov ers the 092P/14 NTS
map sheet, com pris ing about 950 km2 centred near Timothy 
Lake (Fig 1).

The Tim o thy Lake map area is lo cated near the east ern
edge of the In te rior Pla teau phys io graphic prov ince, within
the tra di tional ter ri to ries of the North ern Secwepemc te
Qelmucw and Esketemc First Na tions. To pog ra phy is gen -
er ally sub dued, with el e va tions rang ing from about 800 m
along Bridge Creek to 1 655 m on Mount Tim o thy. The
town of Lac La Hache, along High way 97, is lo cated in the
south west ern part of the map area, and the vil lage of For est
Grove and the west sub di vi sion of the main Canim Lake In -
dian re serve are near the south east ern cor ner of the area.
Ac cess to most parts of the map area is eas ily achieved
through ex ten sive net works of public, logging and forest
service roads.

The Takomkane Pro ject builds on the geo log i cal
frame work es tab lished by the re con nais sance-scale map -
ping of Camp bell and Tip per (1971) and Camp bell (1978),
as well as sub se quent, more de tailed stud ies by Panteleyev
et al. (1996), Schiarizza and Is rael (2001) and Schiarizza et
al. (2002a, b, c). Our geo log i cal in ter pre ta tion of the Tim o -
thy Lake map area also in cor po rates data found in as sess -
ment re ports avail able through the BC Geo log i cal Sur vey’s
As sess ment Re port In dex ing Sys tem (ARIS), and air borne
geo phys i cal data from a num ber of re cent sur veys funded
by the Geo log i cal Sur vey of Can ada, Geoscience BC and

var i ous in dus try part ners (Car son et al., 2006a, b, c; Coyle
et al., 2007; Dumont et al., 2007).

REGIONAL GEOLOGICAL SETTING

The Tim o thy Lake map area is un der lain mainly by
rocks of the Quesnel Terrane, which is char ac ter ized by a
Late Tri as sic to Early Ju ras sic mag matic arc com plex that
formed along or near the west ern North Amer i can con ti -
nen tal mar gin (Mortimer, 1987; Struik, 1988a, b;
Unterschutz et al., 2002; Thomp son et al., 2006). An as -
sem blage of mid  to Late Pa leo zoic oce anic bas alts and
cherts as signed to the Slide Moun tain Terrane oc curs di -
rectly east of the Quesnel belt, and is in turn jux ta posed
against a wide belt of Pro tero zoic and Pa leo zoic
siliciclastic, car bon ate and vol ca nic rocks of the Kootenay
Terrane. The Kootenay Terrane is com monly in ter preted as
an out board fa cies of the an ces tral North Amer i can
miogeocline (Struik, 1988a; Colpron and Price, 1995),
whereas the Slide Moun tain Terrane is in ter preted as the
thrust-imbricated rem nants of a Late Pa leo zoic mar ginal
ba sin (Schiarizza, 1989; Ferri, 1997). To the west of the
Quesnel Terrane are Late Pa leo zoic through mid-Me so zoic
oce anic rocks of the Cache Creek Terrane, which are in ter -
preted as part of the subduction com plex that was re spon si -
ble for gen er at ing the Quesnel mag matic arc (Travers,
1978; Struik, 1988a). Youn ger rocks com monly found in
the re gion in clude Cre ta ceous gra nitic stocks and
batholiths, Eocene vol ca nic and sedimentary rocks, and
flat-lying basalt of Neogene and Quaternary age (Fig 1).

Prom i nent geo log i cal struc tures in the re gion in clude
Permo-Tri as sic thrust faults that im bri cate the Slide Moun -
tain Terrane and sep a rate it from the un der ly ing Kootenay
Terrane (Schiarizza, 1989; Schiarizza and Macauley,
2007a); Late Tri as sic or Early Ju ras sic, east-di rected thrust
faults that im bri cate the Quesnel Terrane (Struik, 1988b;
Bloodgood, 1990); and pre dom i nantly south west-di rected, 
synmetamorphic folds and thrust faults of Early to Mid dle
Ju ras sic age that de form the rocks and mu tual bound aries of 
the Kootenay, Slide Moun tain and Quesnel ter ranes (Ross
et al., 1985; Mortensen et al., 1987; Rees, 1987; Schiarizza
and Preto, 1987). The struc tural ge ol ogy of the Quesnel
Terrane also in cludes faults that ex erted con trols on Tri as -
sic-Ju ras sic vol ca nic-sed i men tary fa cies dis tri bu tions and
the lo cal iza tion of plutons and as so ci ated al ter ation and
min er al iza tion sys tems (Preto, 1977, 1979; Nel son and
Bellefontaine, 1996; Lo gan and Mihalynuk, 2005b). Youn -
ger struc tures in clude prom i nent sys tems of Eocene dextral
strike-slip and extensional faults (Ewing, 1980; Panteleyev 
et al., 1996; Schiarizza and Israel, 2001).

The Quesnel Terrane is an im por tant met al lo gen ic
prov ince, par tic u larly for por phyry de pos its con tain ing
cop per, gold and mo lyb de num. The world-class High land
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Fig ure 1. Re gional geo log i cal set ting of the Takomkane Pro ject area, show ing the ar eas mapped in 2005, 2006 and 2007, as well as the
area mapped dur ing the 2000–2001 Bonaparte Pro ject, and the Quesnel River – Horse fly map area of Panteleyev et al. (1996). Stars de -
note lo ca tions of se lected ma jor min eral de pos its.



Val ley cop per-mo lyb de num por phyry de pos its are in
calcalkaline plutonic rocks of the Late Tri as sic Guichon
Creek batholith (Casselman et al., 1995), which is lo cated
in the west ern part of the Quesnel Terrane, about 150 km
south of the Tim o thy Lake map area. Al ka line plutons,
many of lat est Tri as sic age, are scat tered across much of the
Quesnel Terrane, and host im por tant cop per-gold por phyry
de pos its. These in clude the Afton Mine and as so ci ated oc -
cur rences within the Iron Mask batholith, near Kamloops,
and the Mount Polley Mine west of Quesnel Lake
(Mortensen et al., 1995; Lo gan and Mihalynuk, 2005a, b).
Por phyry and skarn oc cur rences con tain ing mo lyb de num
and tung sten are as so ci ated with Early Cre ta ceous
calcalkaline plutons in the re gion, and Eocene vol ca nic
rocks and struc tures lo cally host epi ther mal veins that con -
tain gold and sil ver (Schiarizza et al., 2002a; Schiarizza and 
Boulton, 2006a; Schiarizza and Macauley, 2007a).

LITHOLOGICAL UNITS

The dis tri bu tion of the main lithological units within
the Tim o thy Lake map area is shown on Fig 2. The Quesnel
Terrane is rep re sented mainly by sed i men tary and vol ca nic
rocks of the Up per Tri as sic Nicola Group and Early Ju ras -
sic granodiorite of the Takomkane batholith, but also in -
cludes suites of quartz-poor in tru sions that crop out mainly
in the area of Spout and Peach lakes. Vol ca nic rocks of the
Eocene Skull Hill For ma tion also un der lie sig nif i cant por -
tions of the map area, and are cut by small dioritic plugs east 
of Mount Tim o thy. Ol iv ine-phyric ba salt flows of the Mio -
cene-Plio cene Chil cotin Group crop out lo cally in the
south ern, west ern and north ern parts of the map area, and
Qua ter nary (?) ba salt flows con tain ing lherzolite xe no liths
occur on and adjacent to Mount Timothy.

Nicola Group

The Nicola Group, orig i nally named for ex po sures on
the south side of Nicola Lake (Dawson, 1879), com prises a
di verse as sem blage of Mid dle and Up per Tri as sic vol ca nic,
volcaniclastic and sed i men tary rocks that crop out over a
broad area in south-cen tral Brit ish Co lum bia. The name is
ap plied to Tri as sic rocks in the Takomkane pro ject area fol -
low ing Camp bell and Tip per (1971), and Panteleyev et al.
(1996), al though the Tri as sic rocks in the Quesnel Lake
map sheet have also been re ferred to as Quesnel River
Group (Camp bell, 1978) or Takla Group (Rees, 1987). The
Nicola Group in the east ern part of the Takomkane Pro ject
area in cludes two ma jor sub di vi sions — the Lemieux
Creek suc ces sion, com pris ing Mid dle and Up per Tri as sic
sed i men tary rocks that make up the east ern part of the
group; and the volcaniclastic suc ces sion, an as sem blage of
volcaniclastic and vol ca nic rocks that crop out over a broad
area to the west (Schiarizza and Boulton, 2006a, b; Schia -
rizza and Macauley, 2007a, b). Most rocks of the Nicola
Group in the Tim o thy Lake map area are here as signed to
the volcaniclastic suc ces sion. How ever, two ad di tional
units, not rec og nized to the east, have been mapped in the
north-cen tral part of the map area. These are re ferred to as
the polylithic breccia unit and the red sandstone-
conglomerate unit.

VOLCANICLASTIC SUCCESSION

The volcaniclastic suc ces sion of the Nicola Group is
wide spread within the Tim o thy Lake map area (Fig 2), but

for the most part is rep re sented by small, sparsely scat tered
ex po sures that af ford no op por tu nity to es tab lish an in ter nal 
stra tig ra phy. Rel a tively good sets of ex po sures oc cur on a
se ries of ridges and hills that ex tends from Chub Lake
northwestward to Greeny Lake, and within the cen tral part
of the belt that oc curs be tween the polylithic brec cia unit
and the red sand stone-con glom er ate unit north of Mount
Timothy.

Most ex po sures within the volcaniclastic suc ces sion
con sist of mas sive, un strati fied vol ca nic brec cia con tain ing 
frag ments of mainly pyroxene-phyric and pyroxene-feld -
spar-phyric ba salt. The brec cia is typ i cally dark green or
grey-green and rusty brown to green ish-brown-weath ered
(Fig 3). Lo cally, such as in ex po sures south and south east of 
Greeny Lake, the col our is mot tled be cause the frag ments
oc cur in a va ri ety of colours, in clud ing light to dark green,
grey and ma roon. The frag ments com monly range from a
few milli metres to more than 10 cm in size, but in some ex -
po sures the brec cia is finer grained, with frag ments up to
only a few centi metres. Frag ments are typ i cally an gu lar to
subangular, poorly sorted and ma trix-sup ported, al though
clast-sup ported va ri et ies oc cur lo cally and some ex po sures
in clude a sub stan tial pro por tion of subrounded clasts. The
ma trix is com posed mainly of feld spar, pyroxene and small
mafic lithic grains, and lo cally is cal car e ous. In many ex po -
sures the compositional sim i lar ity between clasts and
matrix obscures the fragmental texture of the rock.

A sub stan tial pro por tion of the volcaniclastic suc ces -
sion con sists of me dium to coarse-grained, lo cally gritty,
me dium to dark green or grey-green sand stone that weath -
ers to lighter shades of green or brown ish-green. The sand -
stone oc curs as poorly de fined in ter vals within ex po sures
dom i nated by vol ca nic brec cia, and as in di vid ual out crops
or se ries of out crops rep re sent ing many tens of metres in
strati graphic thick ness. Most sand stone units con sist of
feld spar, mafic min eral grains (mainly pyroxene), mafic
lithic grains, and vari able pro por tions of dark, fine-grained
ma trix ma te rial. Many sand stone units are mas sive, but
bed ding is lo cally de fined by dark lami na tions or thin
interbeds of fine-grained sandstone or laminated siltstone.

Dark green, brown ish-weath ered ba salt forms rare ex -
po sures scat tered through out the volcaniclastic suc ces sion, 
and forms a sub stan tial part of the suc ces sion south of
Spout Lake, near the con tact with the over ly ing polylithic
brec cia unit. Most ba salt units con sist of a fine-grained,
chlorite-epidote-al tered groundmass with sparse to abun -
dant, 1 to 5 mm pyroxene and feld spar pheno crysts, and
amygdules of mainly epidote and cal cite. Sim i lar
pyroxene-feld spar por phyry also oc curs as dikes cut ting
brec cia, sand stone and ba salt units of the volcaniclastic
succession.

Light grey-weath ered lime stone forms a prom i nent,
iso lated ridge of out crop near the south ern bound ary of the
Tim o thy Lake map area, 10 km south east of Lac La Hache.
Con tacts with ad ja cent rock units are not ex posed, but out -
crops of vol ca nic brec cia to the west, north west and north
sug gest that the lime stone is within the volcaniclastic suc -
ces sion. The lime stone dis plays a prom i nent platy to flaggy
lay er ing that dips gently to the north-north east (Fig 4). The
ex po sure has a strike length of about 600 m and a strati -
graphic thick ness of 30 to 40 m. In de tail, most of the rock
com prises ir reg u lar do mains of very fine grained, pale
brown dolomitic (?) lime stone cut by abun dant veins and
patches of white crys tal line cal cite. Fos sil frag ments oc cur
lo cally, and Camp bell and Tip per (1971) re port that a fos sil
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Fig ure 2. Gen er al ized ge ol ogy of the Tim o thy Lake map area, based mainly on 2007 field work.



col lec tion from this ex po sure in di cates a Late Tri as sic,
prob a bly Norian age. This is the only fos sil con straint on
the age of the Nicola Group within the Timothy Lake map
area.

POLYLITHIC BRECCIA UNIT

The polylithic brec cia unit of the Nicola Group crops
out in the north-cen tral part of the map area, in an area of
rel a tively good ex po sure south of Peach Lake. This unit
con sists mainly of brec cia and re lated con glom er ate that
con tain a va ri ety of clasts, in clud ing a sig nif i cant pro por -
tion de rived from in tru sive rocks. This heterolithic clast
pop u la tion dis tin guishes the unit from the volcaniclastic
suc ces sion, where brec cia con tains frag ments of mainly or
en tirely pyroxene-feldspar-phyric basalt.

The brec cia of the polylithic brec cia unit has an over all
me dium to dark green or green ish-grey col our, and com -
monly weath ers to light shades of brown, green ish-brown
or beige. It is char ac ter is ti cally ma trix-sup ported and
poorly sorted, with an gu lar to subrounded clasts rang ing
from a few milli metres to 15 cm in size (Fig 5). The clast
pop u la tion is com monly dom i nated by fine-grained,
equigranular to weakly por phy ritic feldspathic rocks rang -

ing from diorite to monzonite in com po si tion. Me dium-
grained gab bro/diorite, monzodiorite and monzonite frag -
ments are also com mon, as are mafic to in ter me di ate vol ca -
nic clasts con tain ing vari able pro por tions of feld spar,
pyroxene and hornblende pheno crysts. Small clasts of
pyroxenite, syenite and lime stone were ob served lo cally.
The ma trix con sists mainly of feld spar with scat tered mafic
min eral grains. In many ex po sures it is dif fi cult to dis tin -
guish the ma trix from the feldspathic fragments that
dominate the clast population.

Sand stone is a rel a tively mi nor com po nent of the
polylithic brec cia unit, and oc curs as thin bed ded to mas -
sive in ter vals rang ing from a few centi metres to sev eral
tens of metres in thick ness (Fig 6). The sand stone in ter vals
are gen er ally dark grey-green in col our, and weather to
lighter shades of rusty-brown or green ish-brown. They
con sist mainly of feld spar and dark, fine-grained ma trix
ma te rial, but lo cally in clude a sig nif i cant pro por tion of
mafic min eral grains (mainly pyroxene). Dark grey
siltstone is in ter ca lated with fine to coarse-grained sand -
stone in some thin bed ded in ter vals, and thin lenses of im -
pure lime stone oc cur along the east ern edge of the belt at
the Nemrud skarn oc cur rence (von Guttenberg, 1995).
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Fig ure 3. Vol ca nic brec cia of the Nicola volcaniclastic suc ces sion,
High way 97 near the south bound ary of the map area.

Fig ure 4. Lime stone of the Nicola volcaniclastic suc ces sion, 10 km
south east of Lac La Hache. View is to the west.

Fig ure 5. Epidote-al tered brec cia of the Nicola polylithic brec cia
unit, 4 km east of Peach Lake.

Fig ure 6. Thin sand stone units interbedded with con glom er ate,
Nicola polylithic brec cia unit, 2 km south east of Peach Lake.



Mas sive sand stone in ter vals are gen er ally
coarse-grained, com monly con tain scat tered
rounded to subrounded peb bles, and lo cally
grade into ma trix-sup ported con glom er ate.
The clast pop u la tion of the peb bly sand stone
and con glom er ate is typ i cally dom i nated by
fine to me dium-grained intrusive rocks
ranging from gabbro to  monzonite  in
composition.

Vol ca nic rocks were not pos i tively iden ti -
fied within the polylithic brec cia unit, but it in -
cludes ex po sures of apha ni tic to fine-grained
feldspathic rock, lo cally with pheno crysts of
feld spar and/or pyroxene, of un cer tain or i gin.
It is sus pected that most of these are high level
in tru sions, at least in part re lated to the Spout
Lake in tru sive suite, but some could be
volcanic flows.

In the area south of Spout Lake, the polylithic brec cia
unit is un der lain by pyroxene-rich flows and brec cia units
of the volcaniclastic suc ces sion across an east-dip ping con -
tact. This con tact ap pears to be one of mixed gra da tion,
with pyroxene por phyry brec cia in ter ca lated with
polylithic brec cia over a strati graphic in ter val of sev eral
hun dred metres. How ever, the polylithic brec cia unit is
over lain by pyroxene-rich brec cia, sand stone and vol ca nic
rocks as signed to the volcaniclastic suc ces sion along its
south ern mar gin. It is there fore in ferred that the polylithic
brec cia unit com prises a thick lens that is in ter leaved with
the volcaniclastic suc ces sion in its up per part, as sche mat i -
cally shown on Fig ure 7. The polylithic brec cia unit has not
been di rectly dated, but it is older than the monzodioritic
stocks and dikes of the Spout Lake in tru sive suite that in -
trude it. One of these stocks has yielded a U-Pb ti tan ite date
of 203 ±4 Ma, and a nearby feld spar-phyric andesitic rock,
in ter preted to be a high level in tru sion within the polylithic
brec cia unit, has yielded a sim i lar U-Pb zir con date of
203.9 ±4.2 Ma (Whiteaker et al., 1998). These dates are
Late Tri as sic ac cord ing to the time scale of Pálfy et al.
(2000). The polylithic brec cia unit is there fore in ferred to
be Late Tri as sic, be cause it is within the up per part of the
mainly Late Tri as sic volcaniclastic suc ces sion, and is cut
by Late Tri as sic in tru sive rocks. Sim i lar brec cia in the area
of the Mount Polley mine (unit 3 of Panteleyev et al., 1996)
is con sid ered to be Early Ju ras sic be cause it passes
stratigraphically upwards into sedimentary rocks that
contain Early Jurassic fossils.

RED SANDSTONE-CONGLOMERATE UNIT

The red sand stone-con glom er ate unit crops out in the
north-cen tral part of the map area, north and north west of
Mount Tim o thy. It over lies the polylithic brec cia unit and
the in ter ven ing sec tion of pyroxene-rich rocks as signed to
the volcaniclastic suc ces sion, and there fore ap pears to be
the high est strati graphic el e ment of the Nicola Group ex -
posed within the map area. The top of the unit is not ex -
posed. It is cut by a small por phy ritic monzonite plug and is
un con form ably over lain by Eocene vol ca nic rock of the
Skull Hill For ma tion. The red sand stone-con glom er ate unit 
con sists mainly of sand stone and heterolithic con glom er ate 
and brec cia, but also in cludes pyroxene-phyric vol ca nic
flows and as so ci ated flow brec cia. The con glom er ate and
brec cia are sim i lar in com po si tion to those of the polylithic
brec cia unit, but the red sand stone-con glom er ate unit is dis -

tin guished by a higher proportion of sandstone and its
predominant red colour.

The sand stone within the unit is fine to coarse-grained,
and con sists mainly of feld spar, along with vari ably al tered
mafic grains (largely pyroxene) and very fine grained, dark
ma trix ma te rial. The clastic feld spar grains in clude plagio -
clase and K-feld spar, and can be subhedral, bro ken or
weakly rounded. Bed ding is ev i dent as vague pla nar lami -
na tions (Fig 8), or as thin, pla nar to gently un du lat ing beds
de fined mainly by con trast ing grain size in ad ja cent beds.
The sand stone is typ i cally red on both weath ered and fresh
sur faces, but grey and green units are also pres ent, and it is
not un com mon for sand stone in a sin gle out crop to show ir -
reg u lar col our vari a tions, mainly in shades of red and
green.

Con glom er ate and con glom er atic sand stone are a ma -
jor com po nent of the red sand stone-con glom er ate unit, and
lo cally dom i nate in ter vals 100 m or more in thick ness. The
con glom er ate gen er ally has an over all red or pur ple col our
(Fig 9), but lo cally dis plays patchy col our vari a tions in
shades of red, pur ple, grey and green. It is ma trix-sup ported 
and very poorly sorted, with clasts com monly rang ing from
a few milli metres to 20 cm in size, and lo cally rang ing up to
60 cm across. The clasts are com monly subangular to
subrounded, but in places are mainly an gu lar to subangular. 
They are sim i lar to those found in the polylithic brec cia
unit, con sist ing mainly of fine to me dium-grained,

196 Brit ish Co lum bia Geo log i cal Sur vey

Fig ure 7. Sche matic ver ti cal cross sec tions along the lines shown in Fig ure 2.

Fig ure 8. Lam i nated red sand stone of the Nicola red sand stone-
con glom er ate unit, 6 km north west of Mount Tim o thy.



equigranular to weakly por phy ritic, feld spar-rich vol ca nic
and plutonic rock types rang ing from monzonite to diorite
in com po si tion. The me dium to coarse-grained sandy ma -
trix con sists largely of feld spar, ac com pa nied by mafic
min eral grains and fine-grained ma trix ma te rial. The
fragmental tex ture is gen er ally more con spic u ous than in
the polylithic brec cia unit, because the matrix tends to be
more friable and recessive-weathering.

Ba salt flows and re lated flow brec cia are a rel a tively
mi nor com po nent of the red sand stone-con glom er ate unit,
but were noted at sev eral dif fer ent lo cal i ties within the unit.
The flows are com monly mot tled in shades of me dium to
dark pur ple, grey and green, and weather to lighter shades
of these same colours. They in clude 1 to 3 mm pyroxene
pheno crysts that com prise 10 to 20% of the rock, and fewer
and smaller feld spar pheno crysts, within a very fine
grained groundmass that con tains tiny feld spar laths. Ir reg -
u larly shaped ves i cles, up to 1 cm in size, are com monly
filled with calcite and chlorite.

The com po si tions of the var i ous rock types within the
red sand stone-con glom er ate unit are sim i lar to those of cor -
re spond ing rock types within the un der ly ing volcaniclastic
suc ces sion and polylithic brec cia unit. The main change is
the pre dom i nant red to pur ple col our of all rock types,
which may re flect a tran si tion to more ox i diz ing con di tions
in a shal low ma rine or subaerial en vi ron ment. The unit is
un dated, but is sus pected to be Late Triassic and/or Early
Jurassic.

Spout Lake Intrusive Suite

In tru sive rocks of pre dom i nantly monzodioritic com -
po si tion that crop out in the north-cen tral part of the map
area are re ferred to as the Spout Lake in tru sive suite. These
rocks in trude the polylithic brec cia unit and ad ja cent rocks
of the Nicola Group, and are as so ci ated with skarn and por -
phyry-style cop per-gold oc cur rences. The larg est in tru sive
body, here re ferred to as the Spout Lake pluton, crops out
north of Peach Lake and ex tends be yond the north ern limit
of the Tim o thy Lake map area. Finer grained rocks of sim i -
lar com po si tion form sev eral mappable stocks and nu mer -
ous dikes that are com mon within an area of about 25 km2 to 
the south and southeast of Peach Lake.

SPOUT LAKE PLUTON

The Spout Lake pluton is rep re sented by a se ries of
good ex po sures near the north ern bound ary of the map
area, east of Spout Lake and north of Peach Lake. The
pluton ap par ently in trudes the polylithic brec cia unit of the
Nicola Group to the south, and is over lain by Eocene vol ca -
nic rocks to the east, but nei ther of these con tacts is ex -
posed. It ex tends north ward be yond the limit of map ping in
the cur rent pro ject for at least 7.5 km to the west end of
Murphy Lake (unit TrJsd of Campbell, 1978).

The Spout Lake pluton is of fairly uni form com po si -
tion where ob served within and ad ja cent to the Tim o thy
Lake map area. It com prises light grey-weath ered, me dium
to coarse-grained, equigranular pyroxene-bi o tite
monzodiorite, lo cally grad ing to diorite. Mafic min er als
com monly form about 20% of the rock. Pyroxene is more
abun dant than bi o tite, but the lat ter min eral com monly
forms larger, more con spic u ous grains that par tially en -
close other min er als. Quartz may be pres ent as a mi nor con -
stit u ent, but does not gen er ally form more than 1 or 2% of
the rock. Nar row dikes of pink, fine to me dium-grained
monzonite and syenite are fairly com mon (Fig 10), and
veins and patches of peg ma tite, com pris ing K-feld spar
with lesser amounts of plagioclase, quartz and hornblende,
occur locally.

The Spout Lake pluton has not been dated, but a sam -
ple col lected dur ing the 2007 field sea son has been sub mit -
ted to the geo chron ol ogy lab o ra tory at the Uni ver sity of
Brit ish Co lum bia for U-Pb dat ing of zir cons. It is sus pected
that it is of about the same age as the compositionally sim i -
lar stocks south of Peach Lake, one of which has yielded a
Late Tri as sic U-Pb ti tan ite date (see following section).

STOCKS AND DIKES SOUTH OF PEACH
LAKE

In the area south of Peach Lake, the Spout Lake in tru -
sive suite is rep re sented by the Peach Lake stock, five
smaller stocks and plugs, and nu mer ous dikes. Most of the
stocks con sist of me dium grey, light brown ish to pink ish
grey-weath ered, fine to me dium-grained, equigranular
monzodiorite. The monzodiorite lo cally grades to diorite or 
monzonite, but K-feld spar-epidote al ter ation is ubiq ui tous,
and com monly of such in ten sity that pri mary com po si tions
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Fig ure 9. Con glom er ate of the Nicola red sand stone-con glom er ate 
unit, 5 km north west of Mount Tim o thy.

Fig ure 10. Diorite cut by a monzonite dike; Spout Lake pluton,
north east of Spout Lake.



are masked. Mafic min er als typ i cally make up 15 to 25% of
the rock, and con sist of clinopyroxene with lesser amounts
of bi o tite, al though bi o tite lo cally forms larger, more con -
spic u ous grains. Mag ne tite, ti tan ite and ap a tite are com mon 
ac ces sory min er als. Pink, equigranular to weakly K-feld -
spar-phyric monzonite oc curs mainly as dikes cut ting
monzodiorite, but also forms a large part of the north ern tip
of the stock that crops out south of the main Peach Lake
stock. Crowded feld spar por phyry of monzonitic com po si -
tion also makes up the small cir cu lar plug that cuts the red
sand stone-con glom er ate unit 4.5 km north west of Mount
Tim o thy. A small patch of clinopyroxenite de scribed by
Whiteaker (1996) oc curs along the east mar gin of the stock
west of the Peach Lake stock, and pyroxenite also occurs
locally as xenoliths within the stock.

A poorly ex posed plug of por phy ri tic quartz
monzonite oc curs in the east ern part of the Peach Lake
stock, where it ap par ently in trudes the en clos ing
monzodiorite. This plug was mapped by ge ol o gists work -
ing for Amax Ex plo ra tion Inc. in the early 1970s (Leary and 
Godfrey, 1972) and its pres ence is con firmed by di a mond
drill ing at the Ann North pros pect (Callaghan, 2005). The
sin gle ex po sure of this plug lo cated dur ing the 2007 map -
ping pro gram com prises K-feld spar pheno crysts set in a
groundmass of plagioclase laths, with 10 to 15% quartz and
rare mafic grains al tered to chlorite, epidote and actinolite.

Most of the stocks south of Peach Lake have ir reg u lar,
sin u ous con tacts. Map ping of these con tacts is dif fi cult be -
cause the stocks and coun try rocks are com monly heavily
al tered with K-feld spar and epidote, which makes dif fer en -
ti at ing the stocks from compositionally sim i lar rocks of the
polylithic brec cia unit ten u ous. Fragmental rocks along
some con tacts ap pear to be xe no lith-rich mar ginal phases
of the stocks. In other ar eas, fragmental rocks that have pre -
vi ously been de scribed as in tru sive brec cia, such as along
the south mar gin of the stock east of the main Peach Lake
stock (Whiteaker, 1996), are here in ter preted as al tered
coun try rock, com pris ing in tru sive-clast breccia of the
polylithic breccia unit.

A sam ple col lected from the monzodiorite stock east of 
the main Peach Lake stock has yielded a U-Pb ti tan ite date
of 203 ±4 Ma (Whiteaker et al., 1998). This date was con -
sid ered to be Early Ju ras sic by Whiteaker et al. (1998), but
is Late Tri as sic ac cord ing to the more re cent time scale of
Pálfy et al. (2000). Sam ples col lected from two sep a rate
stocks dur ing the 2007 field sea son have been sub mit ted to
the geo chron ol ogy lab o ra tory at the Uni ver sity of Brit ish
Co lum bia for additional U-Pb dating.

A me dium-grained quartz-hornblende-feld spar por -
phyry dike cuts the monzodiorite stock east of the main
Peach Lake stock. The dike is not min er al ized, but is spa -
tially as so ci ated with ar eas of rel a tively gold-rich min er al -
iza tion within the monzodiorite that it in trudes (Aurizon
oc cur rence). The min er al ogy of the dike sug gests that it is
not re lated to the Spout Lake in tru sive suite. Whiteaker et
al. (1998) re port that zir cons from a sam ple of this dike
yielded a poorly-con strained up per in ter cept U-Pb date of
199 +23/–13 Ma.

Kelly Lake Stock

The Kelly Lake stock is rep re sented by a few scat tered
ex po sures of monzodiorite to diorite that ex tend from the
shore of Kelly Lake north ward about 800 m to 111 Mile
Creek, be tween Spring and Chub lakes. The stock is in -

ferred to ex tend about 1.5 km west of Kelly Lake on the ba -
sis of di a mond-drill holes cored dur ing min eral ex plo ra tion 
of the Spring Lake cop per oc cur rence (Blann, 1995b). The
stock in trudes brec cia and sand stone of the Nicola
volcaniclastic suc ces sion, al though the con tact is not ex -
posed on sur face, and is over lain to the east by vol ca nic
rocks of the Skull Hill Formation.

The ex po sures of the Kelly Lake stock lo cated dur ing
the pres ent study con sist mainly of grey, grey-brown-
weath ered, fine to me dium-grained, equigranular
monzodiorite and diorite. Mafic min er als make up 15 to
30% of the rock and con sist mainly of clinopyroxene and
bi o tite. Mi nor amounts of quartz are pres ent lo cally, and ti -
tan ite and ap a tite are con spic u ous in thin sec tion. The main
phases of the stock are vari ably al tered with K-feld spar,
epidote and chlorite, and are lo cally cut by nar row dikes of
monzodiorite to syenite. The Kelly Lake stock has not been
dated, but is sus pected to be of about the same age as the
compositionally similar Peach Lake stocks.

Intrusive Rocks South of Timothy Lake

An in tru sive body is in ferred to un der lie the area south
of the east end of Tim o thy Lake, based on ex ten sive an gu lar 
rub ble lo cated in a re cent log ging cut 1 km north west of the
nar rows be tween Tim o thy and Demp sey lakes. The rub ble
com prises red, fine to me dium-grained syenite to
monzonite with chlorite-epidote al ter ation along joint and
frac ture sur faces. Eigh teen hun dred metres to the south -
east, on the north east side of Demp sey Lake, a 60 m per cus -
sion-drill hole in ter sected diorite that might be part of the
same in tru sive sys tem (PDH TY2-82-1; Gam ble, 1983b).
The pres ence of these in tru sive rocks is note wor thy be -
cause of their compositional sim i lar ity to the eco nom i cally-
sig nif i cant Spout Lake intrusive suite.

Takomkane Batholith

The Takomkane batholith is a large Late Tri as sic–
Early Ju ras sic gra nitic pluton more than 40 km wide
(Fig 1). The south west ern part of the batholith un der lies
much of the east ern part of the Tim o thy Lake map area,
where it in trudes the Late Tri as sic Nicola Group to the
west, and is lo cally over lain by vol ca nic rocks of Eocene,
Mio cene-Plio cene and Qua ter nary (?) ages. To the east, in
the Canim Lake map area, the batholith has been sub di -
vided into two units, re ferred to as the Boss Creek unit and
the School house Lake unit (Schiarizza and Boulton,
2006a). The en tire ex po sure belt within the Tim o thy Lake
map area is cor re lated with the Schoolhouse Lake unit.

The School house Lake unit is very ho mo ge neous
through out its ex tent in the Tim o thy Lake map area. It con -
sists of light grey to pink ish grey, coarse to me dium-
grained, hornblende-bi o tite granodiorite, lo cally grad ing to 
monzogranite. Tonalite oc curs lo cally along the west ern
mar gin of the batholith, north east of Mount Tim o thy. Mafic 
min er als com monly make up 10 to 20% of the granodiorite, 
with hornblende pre dom i nat ing over bi o tite. The tex ture is
typ i cally por phy ritic, with K-feld spar crys tals up to sev eral
centi metres in size and, lo cally, quartz grains and ag gre -
gates up to 1 cm in size (Fig 11). Peg ma tite and aplite dikes
are a wide spread but rel a tively mi nor com po nent of the
unit. Grey to pink quartz por phyry and quartz-feld spar por -
phyry dikes that lo cally cut the batholith and the adjacent
Nicola Group may also be broadly related.
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The Takomkane batholith within the Tim o thy Lake
map area has yielded a U-Pb zir con date of 193.5 ±0.6 Ma
from a sam ple col lected at Ruth Lake (Whiteaker et al.,
1998). This Early Ju ras sic age for the School house Lake
unit is con firmed by a U-Pb zir con date of 195.0 ±0.4 Ma
from a sam ple col lected a short dis tance east of Lang Lake
(Schiarizza and Macauley, 2007a).

Skull Hill Formation

Camp bell and Tip per (1971) as signed Eocene vol ca nic 
rocks in the Bonaparte Lake map sheet to the Skull Hill For -
ma tion of the Kamloops Group. The most ex ten sive ex po -
sures in the Tim o thy Lake map area are on and around
Mount Tim o thy, but the for ma tion also crops out in sev eral
ar eas to the south and north of the moun tain, as well as in
the south east cor ner of the map area. The lat ter ex po sures
com prise the north end of a con tin u ous belt of Eocene rocks 
that Camp bell and Tip per (1971) traced 70 km south to
Bonaparte Lake. They rec og nized that Eocene rocks were
also pres ent far ther to the north west, but map ping dur ing
the cur rent pro ject shows that the Skull Hill For ma tion is
much more ex ten sive than por trayed by Camp bell and Tip -
per (1971). Nu mer ous small out li ers of the for ma tion in the
north-cen tral part of the map area sug gest that the belt that
en com passes Mount Tim o thy once formed a con tin u ous
blan ket that extended to beyond the northern boundary of
the map area.

The Skull Hill For ma tion un con form ably over lies a
num ber of dif fer ent Me so zoic rock units within the Tim o -
thy Lake map area, in clud ing var i ous units of the Nicola
Group, the Takomkane batholith, the Spout Lake pluton,
and the Kelly Lake stock. The south ern bound aries of the
Mount Tim o thy belt and the belt to the south are in ferred to
be con trolled by east to north east-strik ing faults. The for -
ma tion con sists mainly of andesitic to ba saltic flows and as -
so ci ated flow brec cia, but also in cludes dacitic flows, vol -
ca nic brec cia, and rare ex po sures of arkosic wacke. The
most com mon rocks are grey to brown, pur plish brown-
weath ered andesitic flows char ac ter ized by abun dant
coarse plagioclase pheno crysts, and less con spic u ous
pyroxene and/or hornblende pheno crysts (Fig 12). Dark
grey ba saltic flows are also fairly com mon, and con tain
pyroxene and plagioclase pheno crysts. The andesitic and

ba saltic flows are com monly ve sic u lar, and ves i cles are
typ i cally filled with chalcedonic quartz or cal cite. Pale grey 
dacitic flows are rel a tively rare, and were ob served only in
the south east ern cor ner of the map area, north of Bridge
Creek, and in the Eocene sec tion that crops out along the
north-central boundary of the map area.

Vol ca nic brec cia is most com mon on the top and south
flank of Mount Tim o thy. It com prises pur ple, green and
grey vol ca nic frag ments, from less than 1 cm to more than
10 cm in size, within a fri a ble ma trix that is rich in feld spar
grains. The vol ca nic frag ments com monly con tain var i ous
com bi na tions and pro por tions of feld spar, pyroxene and
hornblende pheno crysts. Lo cally, the brec cia in cludes nar -
row in ter vals of thin-bed ded sand stone to small peb ble
con glom er ate con tain ing vol ca nic-lithic grains and crys tals 
of feld spar and mafic min er als. The brec cia lo cally re sem -
bles that of the Nicola Group, but it shows con sid er ably less 
chlorite-epidote al ter ation, and is clearly interbedded with
the feld spar-phyric flows that char ac ter ize the Skull Hill
For ma tion. Coarser brec cia, com pris ing poorly sorted frag -
ments up to 1.5 m across, within a fri a ble, pale grey-green,
feld spar-rich ma trix, crops out on an iso lated ridge in the
south east cor ner of the map area, south of Bridge Creek.
Ex ter nal con tacts were not ob served, but this coarse brec cia 
is within an area dom i nated by andesitic to basaltic flows
that are typical of the Skull Hill Formation.

Eocene or Younger Diorite

Grey, fine to me dium-grained, equigranular diorite
makes up two small plugs that in trude vol ca nic flows and
brec cia of the Skull Hill For ma tion on the east flank of
Mount Tim o thy. The dioritic rocks con sist of plagioclase,
lo cally with traces of K-feld spar, along with 25 to 35%
mafic min er als that in clude hornblende, clinopyroxene and
bi o tite. These diorite bod ies have not been dated, but are in -
ferred to be Eocene or youn ger be cause they cut rocks as -
signed to the Eocene Skull Hill Formation.

Chilcotin Group

The Chil cotin Group com prises flat-ly ing ba salt flows
and re lated rocks that cover much of the In te rior Pla teau of
south-cen tral Brit ish Co lum bia. The group ranges from
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Fig ure 11. Granodiorite with K-feld spar pheno crysts; Takomkane
batholith, north west of Lang Lake.

Fig ure 12. Plagioclase-phyric an de site of the Skull Hill For ma tion,
south flank of Mount Tim o thy.



Early Mio cene to Early Pleis to cene in age, and is con tem -
po ra ne ous with the more vo lu mi nous Co lum bia River
flood bas alts of Or e gon and Wash ing ton states (Mathews,
1989). The Chil cotin Group is cur rently the fo cus of a ma -
jor re search pro gram at the Uni ver sity of Brit ish Co lum bia,
aimed at better un der stand ing the vol ca nic lithofacies and
thick ness vari a tions within the group (Andrews and
Russell, 2007).

The Chil cotin Group within the Tim o thy Lake map
area is rep re sented by two out li ers near For est Grove in the
south ern part of the area, by a very small out lier north east of 
Peach Lake near the north ern bound ary of the map area, by
a few ex po sures along the rail way tracks south of Lac La
Hache, and by an ex po sure west of Rail Lake. The lat ter two 
ar eas, near the west ern edge of the map area, are ap par ently
part of a very ex ten sive blan ket of Chil cotin ba salt flows
that stretches far to the west and south. Our map ping, com -
bined with data from ex plo ra tion drillholes north east of
Rail Lake, shows that this blan ket does not ex tend as far
into the Tim o thy Lake area as in di cated on the re con nais -
sance-scale map of Campbell and Tipper (1971).

The Chil cotin Group within the Tim o thy Lake map
area con sists of dark grey to blue-grey, brown ish-weath -
ered, very fine grained ba salt that is vari ably ve sic u lar and
com monly con tains pale green ol iv ine pheno crysts 1 to
3 mm in size. The great est thick ness oc curs in the out lier
west of For est Grove, where close to 100 m of ba salt is ex -
posed. The out lier north-north west of For est Grove has
yielded a Mid dle to Late Mio cene K-Ar whole rock date of
11.8 ±0.5 Ma (Mathews, 1989).

Mount Timothy Basalt

Flat-ly ing ba salt con tain ing peridotite xe no liths oc -
curs as five sep a rate out li ers within a north-south belt,
11 km long, which en com passes Mount Tim o thy (Fig 2).
The ba salt is grey, lo cally ma roon, very fine grained and
weakly to mod er ately ve sic u lar. Red, scoriaceous ba salt
brec cia was noted at the base of the west ern out lier on
Mount Tim o thy, and also near the base of the north ern most
out lier. Peridotite xe no liths, mainly spinel lherzolite, are
com mon in all five out li ers of the Mount Tim o thy ba salt
and com monly range up to 20 cm in size (Fig 13). These are
lo cally ac com pa nied by smaller and less com mon crustal

xe no liths con sist ing mainly of medium-grained dioritic
rock.

The Mount Tim o thy ba salt, in clud ing the lherzolite xe -
no liths, is very sim i lar to xe no lith-bear ing ba salt that caps
Takomkane Moun tain, 30 km north east of Mount Tim o thy
(Schiarizza and Macauley, 2007a). The ba salt on Takom -
kane Moun tain is in ferred to be Pleis to cene be cause it rests
on a gla ci ated sur face but has been sculpted by sub se quent
gla cial ac tion (Suther land Brown, 1958). We sus pect that
the Mount Tim o thy basalt is of similar age.

STRUCTURE

Out crop scale struc tures within the Tim o thy Lake map
area con sist mainly of brit tle faults and frac tures that are
more com mon in Me so zoic rocks than in Eocene rocks of
the Skull Hill For ma tion. Folds of bed ding were ob served
only rarely within the Nicola Group, and pen e tra tive
foliations oc cur in only a few ex po sures of hornfelsed and
skarn-al tered rocks of the Nicola Group along the mar gin of 
the Takomkane batholith.

The mac ro scopic struc ture of the Nicola Group within
most of the map area is very poorly un der stood due to poor
ex po sure, a lack of marker units, and the pre dom i nance of
ap par ently non-strat i fied rocks. An ex cep tion is the area
north of Mount Tim o thy, where the three mappable units of
the Nicola Group out line a broad syncline with a poorly de -
fined ax ial trace (Fig 7). Rocks in the core of the syncline
are more or less hor i zon tal. Those on the west limb gen er -
ally dip east ward at gen tle to mod er ate an gles, al though
sand stone near the base of the polylithic brec cia unit south
of Spout Lake is nearly ver ti cal. Rocks on the east limb dip
gently west ward, but are folded through an an ti cli nal hinge
a short dis tance west of the Takomkane batholith and gen -
er ally dip eastward at the batholith contact.

Most of the faults mapped within the Tim o thy Lake
area strike east to north east and par tially con trol the dis tri -
bu tion of Eocene rocks. The larg est of these, the Greeny
Lake and Spring Lake faults, jux ta pose Eocene rocks on
their north side against Tri as sic rocks to the south, so are in -
ferred to have a com po nent of Eocene or youn ger north-
side-down dis place ment. The Spring Lake fault may also
have com po nent of dextral strike slip, based on the ap par -
ent off set of the Takomkane batholith. Al though they are
faulted, Eocene rocks are es sen tially hor i zon tal wher ever
bed ding orientations were observed.

Al though Eocene or youn ger faults are clearly pres ent,
many of the out crop scale faults ob served within Me so zoic
rocks are in ferred to be pre-Eocene be cause these struc -
tures are much more prev a lent in the older rocks. Steeply
dip ping faults with north west, north and north east strikes
are most com mon. Top o graphic lin ea ments with these ori -
en ta tions are also com mon but, with the ex cep tion of the
mapped Eocene or youn ger faults, none have been proven
to be con trolled by ma jor faults. In the Peach Lake area,
north west, north east and east-strik ing struc tures con trol
some of the al ter ation and min er al iza tion as so ci ated with
the Spout Lake intrusive suite.

MINERAL OCCURRENCES

The me tal lic min eral oc cur rences known within the
Tim o thy Lake map area (MINFILE, 2007) are con cen trated 
in the area south of Peach Lake, and are sum ma rized on Fig -
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Fig ure 13. Ba salt with lherzolite xe no liths, south flank of Mount
Tim o thy.



ure 14. Most of these are cop per-gold por phyry and skarn
oc cur rences as so ci ated with stocks of the Spout Lake in tru -
sive suite. Min eral oc cur rences scat tered through other
parts of the Tim o thy Lake map area are shown on Fig ure 2.
These in clude por phyry-style cop per-gold min er al iza tion
as so ci ated with the Kelly Lake stock, dis sem i nated chal co -
py rite within the Nicola Group north of Soda Lake, mo lyb -
de num-cop per show ings within the Takomkane batholith,
and struc tur ally con trolled polymetallic veins within the
Kamloops Group west of Timothy Creek.

Occurrences in the Peach Lake area

PEACH 1 (MINFILE 092P  001)

The Peach 1 show ing is lo cated 2 km south of Peach
Lake. It is the first min eral oc cur rence dis cov ered in the
Peach Lake area, and was ex plored with trenches and some
short di a mond-drill holes by Coranex Ltd. and Amax Ex -
plo ra tion Ltd. be tween 1967 and 1972 (Janes, 1967;
Suther land Brown, 1969; Leary and Godfrey, 1972). In
1991, the trenches were re mapped and sam pled by Asarco
Ex plo ra tion Com pany of Can ada Ltd., and an area south of
the trenches was tested with 2 short per cus sion-drill holes
(Gale, 1991).

Min er al iza tion at the Peach 1 show ing is hosted by the
polylithic brec cia unit within a nar row embayment in the
south ern part of the Peach Lake stock. Chal co py rite is the
main sul phide min eral. Py rite is pres ent in mi nor quan ti ties, 
as are mal a chite, az ur ite and na tive cop per. The chal co py -
rite oc curs along frac tures and lo cally as dis sem i na tions
within sev eral north east-trending zones (Janes, 1967). As -
so ci ated al ter ation as sem blages in clude K-feld spar, mag -
ne tite, tour ma line and bi o tite. Suther land Brown (1969)
notes that the stockwork pat tern within the min er al ized
zones is partly ran dom, but is dom i nated by north ward dip -
ping frac tures that strike east-north east or west-north west.
A 12 m sec tion sam pled by Coranex Ltd. in 1967 returned
0.33% Cu and 0.576 g/t Au (Janes, 1967).

PEACH 2 (MINFILE 092P  034), JODY, AND
PEACH 3 (MINFILE 092P  035)

The Peach 2 show ing is lo cated about 700 m south east
of the Peach 1 oc cur rence, along a north east-trending con -
tact zone that forms part of the south ern mar gin of the Peach 
Lake stock. The min er al iza tion was eval u ated with
trenches and per cus sion-drill holes by Amax Ex plo ra tion
Inc. in 1972 and by Asarco Ex plo ra tion Com pany of Can -
ada Ltd. in 1991 (Leary and Godfrey, 1972; Gale, 1991).
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Fig ure 14. Ge ol ogy and min eral oc cur rences in the Peach Lake area. See Fig ure 2 for leg end.



Sub se quent ex plo ra tion by GWR Re sources Inc. in cluded
two di a mond-drill holes in 1999 (Blann, 2001a), and two
ad di tional di a mond-drill holes and a ma jor trench ing
program in 2004 (Callaghan, 2005).

Min er al iza tion con sist ing of py rite, chal co py rite and
mi nor bornite oc curs spo rad i cally through out the 150 m by
45 m area that was ex posed by the re cent GWR Re sources
Inc. trenches.  Hostrocks in clude potassic-al tered
monzodiorite as well as al tered brec cia and re lated rocks of
the polylithic brec cia unit. The min er al iza tion oc curs in
shears, frac tures and nar row veins of vari able ori en ta tion,
and is as so ci ated with al ter ation as sem blages that con tain
K-feld spar, epidote, mag ne tite and lo cally bi o tite. A 28 m
trench sam ple col lected by GWR Re sources Inc. in 2004 re -
turned 0.07% Cu and 0.22 g/t Au. The high est grades en -
coun tered came from a 2 m sam ple that contained 0.34% Cu 
and 2.25 g/t Au (Callaghan, 2005).

Min er al iza tion is also known to oc cur about 300 m
south west of the Peach 2 oc cur rence, in an area known as
the Jody zone, which was ex plored with two trenches and
five per cus sion-drill holes in 1991. Min er al iza tion is
within the polylithic brec cia unit a few tens of metres from
the con tact with the Peach Lake stock. Chal co py rite is as so -
ci ated with K-feld spar-mag ne tite-chlorite al ter ation along
north, north west and west-strik ing frac tures and faults. A
se quence of six 5 m chip sam ples from one of the trenches
re turned a com bined grade of 0.17% Cu and 93 ppb Au
(Gale, 1991, samples 061470–061475).

The Peach 3 show ing is 500 m east-north east of the
Peach 2 oc cur rence, where sev eral re cent trenches and
scraped ar eas ex pose monzodiorite, sparsely min er al ized
with chal co py rite and mal a chite, along the main ex plo ra -
tion/log ging road (Tele graph Cor ner area of Callaghan,
2005). The monzodiorite is vari ably al tered with K-feld -
spar and epidote. Chal co py rite oc curs mainly as dis sem i -
nated grains as so ci ated with mag ne tite, chlorite and py rite
along vari ably ori ented frac tures with K-feld spar ha loes.
The min er al iza tion was tested with one di a mond-drill hole
in 1995 (von Guttenberg, 1996, hole A95-04) and two di a -
mond-drill holes in 2004 (Callaghan, 2005, holes 04-31
and 04-32). None of these holes in ter sected sig nif i cant
min er al iza tion — the best in ter sec tions from hole A95-04
were 0.13% Cu and 0.06 g/t Au over 4.6 m, and 1.31% Cu
and 0.07 g/t Au over 1.0 m. The lat ter in ter sec tion in cludes
a 30 cm thick quartz-cal cite vein that con tains specularite,
chalcopyrite and bornite (von Guttenberg, 1996).

PEACH 5 (MINFILE 092P  115) AND ANN
NORTH (MINFILE 092P  002)

The Peach 5 and Ann North oc cur rences are 1 500 to
1 700 m south-south east of Peach Lake, and are as so ci ated
with a small por phy ritic quartz monzonite plug or dike
swarm that is within the Peach Lake monzodiorite stock.
The plug is very poorly ex posed on sur face, but was iden ti -
fied dur ing ex plo ra tion by Amax Ex plo ra tion Inc. in 1972.
The Peach 5 show ing was also dis cov ered at this time, in a
trench along or near the south ern mar gin of the stock where
por phy ritic quartz monzonite cuts monzodiorite. The min -
er al iza tion is de scribed as chal co py rite in veined
monzodiorite, mi nor dis sem i nated chal co py rite in the por -
phy ritic quartz monzonite, and mi nor but wide spread mal a -
chite along the trench (Leary and Godfrey, 1972). A small
patch of subcrop at or near the rem nant of this trench was
lo cated dur ing the pres ent field pro gram, and com prises K-

feld spar-epidote-al tered porphyritic quartz monzonite
stained with malachite.

The Ann North pros pect was dis cov ered dur ing a di a -
mond drill pro gram by GWR Re sources Inc. in 2000, when
eight of thir teen holes drilled to the north and north east of
the Peach 5 show ing in ter sected sig nif i cant min er al iza tion.
This in cluded a 125 m in ter sec tion in hole 00-15 that re -
turned 0.20% Cu and 0.3 g/t Au, in clud ing a 44 m in ter val
con tain ing 0.31% Cu and 0.41 g/t Au (Blann, 2001a). The
min er al ized area was fur ther eval u ated with a 13 hole,
3 536 m di a mond drill pro gram car ried out by GWR Re -
sources Inc. in 2004 and 2005. Sig nif i cant min er al ized
zones were in ter sected in seven of the holes, in clud ing a
107.3 m in ter val in hole 04-19 that assayed 0.29% Cu and
0.33 g/t Au (Callaghan, 2005).

The main area of min er al iza tion out lined by drill ing at
the Ann North pros pect is cen tred about 150 m north of the
Peach 5 show ing. Min er al iza tion is hosted mainly by
potassic-al tered quartz monzonite and por phy ritic quartz
monzonite, and oc curs as a se ries of north east-trending,
steeply north west-dip ping lenses with widths up to 35 m
and a com bined strike length of more than 200 m
(Callaghan, 2005). Min er al iza tion con sists of chal co py rite
and py rite, lo cally with bornite, ten nan tite, chalcocite and
na tive cop per. Cop per min er als oc cur as patches, dis sem i -
na tions, and vein and frac ture-fill ings, and are as so ci ated
with vein and al ter ation as sem blages that in clude K-feld -
spar, quartz, magnetite, carbonate and tourmaline.

NK ZONE

The NK zone, lo cated about 2 200 m south of Peach
Lake, is hosted in al tered brec cia of the polylithic brec cia
unit along the south east mar gin of the Peach Lake stock.
The min er al iza tion was dis cov ered by di a mond drill ing
car ried out by GWR Re sources Inc. in 1999 and 2000
(Blann, 2001a). Chal co py rite, bornite and py rite oc cur as
dis sem i na tions and along frac tures with vari able ori en ta -
tions. Frac ture-con trolled mal a chite, na tive cop per and
chalcocite oc cur in the up per parts of drillholes. Al ter ation
as sem blages in clude mag ne tite, bi o tite, chlorite, epidote,
al bite and K-feld spar. Min er al ized drill in ter sec tions are in -
ter preted as three sub-par al lel north-north east-trending
zones, 15 to 50 m wide and 100 m long, that re main open
(Blann, 2001a). No ta ble in ter cepts in clude 89.3 m grad ing
0.186% Cu and 0.23 g/t Au, and 13.5 m grading 0.391% Cu
and 0.24 g/t Au (Blann, 2001a).

HARVEY AND NORTHEAST-MAG ZONES

GWR Re sources Inc. ex plored an 800 m by 500 m area
in the west ern part of the Peach Lake stock with 2 782 m of
di a mond drill ing in 19 holes be tween June 2002 and Feb ru -
ary 2004 (Barker, 2002, 2003; Callaghan, 2005). Barker
(2002, 2003) re ferred to the south ern part of this area as the
Harvey zone, and called the north ern part the North east-
mag zone. Cop per-gold min er al iza tion was en coun tered in
a num ber of the holes, and con sists of py rite and chal co py -
rite as dis sem i na tions and frac ture and vein fill ings, as so ci -
ated with al ter ation min er als that in clude K-feld spar,
epidote, mag ne tite and tour ma line. The host rock is mainly
fine-grained K-feld spar-epidote-al tered monzodiorite.
Sig nif i cant drill in ter sec tions in clude 85.2 m con tain ing
0.25% Cu, 0.12 g/t Au and 0.77 g/t Ag from the Harvey
zone (Barker, 2002), and 9 m grad ing 0.47% Cu and
0.46 g/t Au from the Northeast-mag zone (Barker, 2003).
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About 1 km west of the Harvey zone are nat u ral and re -
cently trenched ex po sures that dis play chal co py rite-mal a -
chite min er al iza tion within both the Peach Lake stock and
ad ja cent brec cia and sand stone of the polylithic brec cia
unit. Min er al iza tion in both units is con cen trated along
steeply dip ping, west-strik ing faults. Chal co py rite min er al -
iza tion within the polylithic brec cia unit is as so ci ated
mainly with patches of cal cite and tour ma line that are en -
closed by zones of strong K-feld spar-epidote al ter ation.
The min er al iza tion hosted by monzodiorite of the ad ja cent
Peach Lake stock com prises chal co py rite and mag ne tite
within struc tur ally controlled zones of intense K-feldspar-
epidote alteration.

PEACH-MELBA (MINFILE 092P  108)

The Peach-Melba pros pect is lo cated about 100 m
south west of the west end of Peach Lake. It is hosted by the
polylithic brec cia unit of the Nicola Group a short dis tance
south of the Spout Lake pluton and north west of the Peach
Lake stock. The oc cur rence is as so ci ated with a large,
north west-trending in duced po lar iza tion anom aly that was
tested with sev eral drill pro grams by dif fer ent com pa nies
be tween 1972 and 1994. The Peach-Melba zone was dis -
cov ered when GWR Re sources Inc. drilled a hole on the
north east flank of the anom aly in the spring of 1995, which
yielded an in ter sec tion of 77.4 m con tain ing 0.23% Cu and
0.23 g/t Au (Blann, 1995a, hole PL95-2). Hole PM95-01,
cored later that same year, yielded a 112 m in ter sec tion
grad ing 0.20% Cu and 0.13 g/t Au (von Guttenberg, 1996).
Ad di tional drill ing within and ad ja cent to the zone was car -
ried out in 1997, 2002, 2003 and 2005 (Callaghan, 2005).

The main min er al ized zone at the Peach-Melba pros -
pect trends north west, dips steeply, and has a true width of
about 80 m (von Guttenberg, 1996). Min er al iza tion con -
sists of dis sem i nated and frac ture con trolled py rite-chal co -
py rite as so ci ated with al ter ation as sem blages that in clude
K-feld spar, bi o tite, epidote, mag ne tite and he ma tite. Host
rocks in clude brec cia and finer grained rocks of the Nicola
Group as well as monzonite and syenite dikes. Pyroxene-
gar net skarn, sparsely min er al ized with mag ne tite and chal -
co py rite, was in ter sected in drillholes east of the main
mineralized zone (von Guttenberg, 1996).

AURIZON (MINFILE 092P  153)

The Aurizon oc cur rence is within a monzodiorite
stock that crops out to the east and south east of the Peach
Lake stock. The min er al iza tion was dis cov ered by GWR
Re sources Inc. in 1994 when two di a mond-drill holes were
cored to test co in ci dent in duced po lar iza tion and cop per in
soils anom a lies. One of these holes in ter sected cop per-gold 
min er al iza tion in 5 sep a rate in ter vals. The best in ter sec -
tions, 3.8 m grad ing 11.41 g/t Au and 0.22% Cu, and 2.4 m
grad ing 3.56 g/t Au and 0.47% Cu, were in quartz-cal cite-
chal co py rite-veined monzodiorite along both mar gins of a
quartz-hornblende-feld spar por phyry dike (Blann, 1995c).
Three ad di tional holes were drilled in 1995 to test for min -
er al iza tion along the mar gins of the dike, but re turned gen -
er ally low and er ratic gold val ues (von Guttenberg, 1996).
More re cent work by GWR Re sources Inc., in clud ing part
of the 2007 drill pro gram, is tar get ing other por tions of the
Aurizon stock, which dis plays cop per min er al iza tion in
many of the ex po sures ex am ined dur ing our 2007 field pro -
gram. This min er al iza tion con sists of weakly to heavily dis -
sem i nated chal co py rite and mag ne tite, lo cally with mal a -
chite and na tive cop per, along vari ably ori ented frac ture

sur faces within monzodiorite that is strongly al tered with
K-feld spar and epidote. The high est grade min er al iza tion
ob served com prises clots and dis sem i na tions of chal co py -
rite within a steeply dip ping, north east-strik ing zone of
highly frac tured monzodiorite veined with cal cite and
epidote. A grab sam ple from this mineralized zone, taken
1 km north of the Aurizon showing, returned 3 634 ppb Au
and greater than 1% Cu.

MIRACLE (MINFILE 092P  124)

The Mir a cle pros pect, 4 km south of Peach Lake, com -
prises por phyry-style Cu-Au min er al iza tion as so ci ated
with a small stock that crops out south of the Peach Lake
stock. Min er al iza tion was dis cov ered by lo cal pros pec tors
in 1986, along a newly con structed log ging road, and
staked as the Mir a cle claims. The claims were optioned to
GWR Re sources Inc. and ex plored with geo log i cal map -
ping, trench ing, geo phys i cal and geo chem i cal sur veys and
thir teen di a mond-drill holes in 1987 through 1992 (White,
1987; Dunn, 1992). This work showed that Cu-Au min er al -
iza tion is wide spread, but did not out line any ma jor zones
with de mon stra ble con ti nu ity. A 2 691 m di a mond drill ing
pro gram in 1994 fo cused on an in duced po lar iza tion anom -
aly that was out lined by a 1993 sur vey to the south and west
of the area of pre vi ous drill ing. This pro gram out lined a
north east-trending zone of min er al iza tion that was re ferred
to as the Cen tral zone (Blann, 1995d). Two ad di tional holes
were drilled on the south side of the in duced po lar iza tion
anom aly in 1995, but did not intersect any significant
mineralization (von Guttenberg, 1996).

The Dis cov ery show ing of the Mir a cle pros pect, cur -
rently marked by a par tially caved trench, com prises al -
tered, grey-green hornfels cut by dikes of monzodiorite and 
sev eral heavily li mo nite-al tered fault zones up to 1.5 m
wide. The fault zones strike north west and are more or less
ver ti cal, as are many of the dikes. Zones of strong K-feld -
spar-epidote±he ma tite al ter ation have mul ti ple ori en ta -
tions, but are most com mon along steeply dip ping, north -
west to north-north west-strik ing frac tures and dike
con tacts (Fig 15). Most pri mary min er als have been
leached from the gos sa nous fault zones, but traces of
specularite, py rite and chal co py rite oc cur lo cally. Mal a -
chite oc curs along frac tures in the fault zones and in some
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Fig ure 15. Po tas sium-feld spar-epidote-he ma tite al ter ation in a
monzodiorite dike and ad ja cent hornfels; Dis cov ery show ing of the 
Mir a cle pros pect.



of the monzodiorite dikes. A di a mond-drill hole di rected
un der the trench in 1988 in cluded an 18 m in ter sec tion
grading 0.23% Cu and 0.17 g/t Au (Blann, 1995d).

The Cen tral zone of the Mir a cle pros pect is sev eral
hun dred metres south of the Dis cov ery zone. It com prises
min er al ized drill in ter sec tions in a north east-trending cor ri -
dor about 650 m long within the south west lobe of the
stock. The min er al iza tion is hosted by K-feld spar-al tered
monzodiorite, and con sists of py rite and chal co py rite, with
mi nor amounts of bornite and tetrahedrite, as dis sem i na -
tions and frac ture and vein stockworks (Blann, 1995d). The 
best in ter sec tion is near the south west end of the zone,
where hole M94-1 cut 72 m grad ing 0.17% Cu and
0.21 g/t Au (Blann, 1995d).

NEMRUD (MINFILE 092P  003)

The Nemrud skarn pros pect is hosted in the polylithic
brec cia unit of the Nicola Group near its con tact with the
Takomkane batholith, about 5 km east of Peach Lake. Min -
er al ized skarn was noted in this area by ge ol o gists work ing
for Coranex Ltd. in the 1960s, when it was re ferred to as the
Tim #1 show ing (Janes, 1967). The main ex plo ra tion work
was con ducted from 1993 through 1995, when the oc cur -
rence was cov ered by the Riley 1 claim and ex plored by
Strathcona Min eral Ser vices Ltd. for the Lac La Hache
Joint Ven ture of Re gional Re sources Ltd. and GWR Re -
sources Inc. The first phase of this ex plo ra tion pro gram in -
cluded geo log i cal map ping, pros pect ing, soil, silt and rock
sam pling, and in duced po lar iza tion and mag ne tom e ter geo -
phys i cal sur veys (von Guttenberg, 1994). This was fol -
lowed by a pro gram of di a mond drill ing that in cluded
1 018 m in four teen holes on the skarn oc cur rence, as well
as 567 m in six holes to test nearby in duced po lar iza tion
anom a lies (von Guttenberg, 1995).The re sults of this work, 
and fol low-up drill ing of 392 m in two holes, did not en -
cour age fur ther ex plo ra tion of the Nemrud oc cur rence at
that time (von Guttenberg, 1996), and no additional work
has been recorded.

Out crops of min er al ized skarn on the Nemrud pros pect 
are scat tered over an area 600 m long and up to 250 m wide,
along and ad ja cent to a north-south ridge about 400 m west
of the Takomkane batholith. Min er al iza tion com prises
blebs of bornite, and rarely chal co py rite, py rite, na tive cop -
per and mal a chite, within skarn-al tered rock that in cludes
gar net, di op side and epidote. Grab sam ples of min er al ized
ma te rial have re turned val ues of up to 3.57% Cu,
82.1 ppm Ag and 1 257 ppb Au (von Guttenberg, 1994,
sam ple 93-RCS-027). Di a mond drill ing in di cates that min -
er al iza tion is mainly within a zone that is 20 to 25 m thick,
com pris ing in ter ca lated lenses of skarn, im pure mar ble,
vol ca nic sand stone or tuff, siltstone, and pos si ble mafic to
in ter me di ate vol ca nic flows (von Guttenberg, 1995). This
zone is gently un du lat ing but dips mainly to the east at shal -
low an gles. The en clos ing rocks are vari ably hornfelsed
and skarn-al tered brec cia, con glom er ate, sand stone and
siltstone of the Nicola polylithic breccia unit, locally cut by
diorite and granodiorite dikes.

The min er al ized skarn zone out lined by the ini tial
phase of drill ing on the Nemrud pros pect was traced to
within about 350 m of the con tact with the Takomkane
batholith. It has a typ i cal av er age grade of 0.1% Cu,
0.03 g/t Au and 1 g/t Ag, but in cludes sec tions, 2 to 3 m
long, that may carry up to 0.4% Cu, 0.1 g/t Au and 5 g/t Ag
(von Guttenberg, 1995). Fol low-up drill ing in cluded a
214 m hole to test the down-dip ex ten sion of the min er al -

ized zone closer to the Takomkane batholith, which was
sus pected to be the source of the skarn al ter ation and min er -
al iza tion. This hole showed an east ward in crease in the
amount of mas sive skarn, but a marked de crease in cop per
min er al iza tion (von Guttenberg, 1996). Sub se quent de ter -
mi na tion of the lead iso tope com po si tion of a sul phide sam -
ple from the Nemrud pros pect sug gests that the min er al iza -
tion may be re lated to the Spout Lake in tru sive suite,
rep re sented lo cally by rare dioritic dikes, rather than the
Takomkane batholith (Whiteaker et al., 1998).

TIM (MINFILE 092P  122)

The Tim show ings com prise sev eral oc cur rences of
chal co py rite-py rite-bornite min er al iza tion lo cated 3.5 to
4.5 km north of Tim o thy Moun tain. Min er al iza tion is
hosted in the volcaniclastic and red sand stone-con glom er -
ate units of the Nicola Group, and is as so ci ated with a se ries 
of monzodiorite dikes that are part of the Spout Lake in tru -
sive suite. Three main show ings, re ferred to as the Tim 1,
Tim 2 and Tim 3 show ings, were dis cov ered dur ing a geo -
log i cal map ping pro gram by Amax Ex plo ra tion Inc. in
1972 (Leary and Allan, 1972). The area was restaked by
Stal lion Re sources Ltd. in 1979, and ex plored with a pro -
gram that in cluded six short di a mond-drill holes on the
Tim 1 show ing in 1983 (But ler, 1984). The claims were
sub se quently optioned by Lib erty Gold Corp. and ex plored
with VLF-EM, mag ne tom e ter, in duced po lar iza tion and
soil geo chem i cal sur veys in 1988 and 1989 (White, 1988;
Seywerd, 1990). These sur veys were fol lowed by a 1990
pro gram that in cluded geo log i cal map ping, a de tailed in -
duced po lar iza tion sur vey, 736 m of per cus sion drill ing in
seven holes and 1 245 m of di a mond drill ing in twelve holes 
(Reynolds, 2006), al though none of this work was filed for
as sess ment credit. The claims were al lowed to lapse, but the 
known min eral show ings and anom a lies were staked by P.
Reynolds in 1997 as the Tam and Mat claims. These claims
were optioned to GWR Re sources Inc. in 2001, and ex -
plored with a pro gram of geo log i cal map ping, soil and rock
sam pling and di a mond drill ing (Blann, 2001b). They were
then optioned by Tatmar Ven tures Inc., and eval u ated with
induced polarization, magnetometer and soil geochemical
surveys in 2004 through 2006 (Reynolds, 2006).

Much of the ex plo ra tion work on the Tim oc cur rence
has been fo cused on the Tim 1 show ing, lo cated about
500 m south east of the east ern most monzodiorite stock.
Min er al iza tion is as so ci ated with a monzodiorite dike that
dips steeply to the north west, and oc curs within the dike it -
self and the coun try rock along its north west mar gin. Min -
er al iza tion con sists of dis sem i na tions and frac ture and vein
stockworks con tain ing py rite, chal co py rite and mi nor
bornite, as so ci ated with epidote and K-feld spar (Leary and
Allan, 1972). Di a mond drill ing car ried out in 1983, 1990
and 2001 in di cates that min er al iza tion oc curs in sev eral
sub-par al lel, north east-strik ing zones, 2 to 10 m thick, that
have been traced for a strike length of 50 m and re main open 
(Blann, 2001b). In ter cepts from the 2001 drill ing pro gram
in clude 0.61% Cu, 0.18 g/t Au and 6.0 g/t Ag over 17.4 m in
hole TAM01-1, and 0.50% Cu, 0.11 g/t Au and 3.0 g/t Ag
over 5.6 m in hole TAM01-2 (Blann, 2001b).

The Tim 2 show ing is lo cated about 800 m south of the
Tim 1 show ing. It com prises K-feld spar-epidote-cal cite-
mag ne tite stockworks con tain ing chal co py rite and py rite.
This min er al iza tion has been traced in ter mit tently over
more than 200 m within sheared rock along the south west
mar gin of a north west-strik ing monzodiorite dike. (Leary
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and Allan, 1972). The Tim 3 show ing is lo cated sev eral
hun dred metres east of the Tim 2 show ing. Here, chal co py -
rite, py rite and mal a chite are as so ci ated with epidote, K-
feld spar and mag ne tite in frac ture and vein stockworks,
within and ad ja cent to a north to north east-strik ing
monzodiorite dike (Leary and Allan, 1972).

Ad di tional scat tered oc cur rences of chal co py rite, mal -
a chite and na tive cop per have been re ported be tween and
west of the main Tim show ings (Leary and Allan, 1972;
Blann, 2001b). Some of these oc cur in trenches that were
ex ca vated to test a strong IP chargeability anom aly out lined 
by Lib erty Gold Corp in 1989, and cen tred about 900 m
south west of the Tim 1 show ing (Seywerd, 1990). This
chargeability anom aly was also tested with per cus sion and
di a mond-drill holes in 1990. Ac cord ing to Reynolds
(2006), the drill ing re vealed ex ten sive ar eas of py rite, with
mi nor chal co py rite, bornite, na tive cop per, mo lyb de nite
and cop per ox ides, within propylitic and potassic-altered
Nicola breccia.

SS (MINFILE 092P  004)

The SS show ings are lo cated near the north ern bound -
ary of the map area, about 1 km north east of the east tip of
Spout Lake. They are hosted in monzodiorite of the Spout
Lake pluton, and are de scribed as shears con tain ing
bornite, chal co py rite, mag ne tite, py rite and mal a chite
(Allen, 1968). They were cov ered by the SS claims in the
late 1960s, which were held by Monte Cristo Mines Ltd.,
and ex plored with a soil geo chem i cal sur vey (Allen, 1968)
and a ground mag ne tom e ter sur vey (Mitch ell, 1969). The
show ings have ap par ently re ceived lit tle attention since
that time.

WC (MINFILE 092P  120)

The WC oc cur rence is a chal co py rite-mag ne tite skarn
lo cated on the south side of Spout Lake, 2 km west of the
east end of the lake. The min er al iza tion was dis cov ered in
1971 by Amax Ex plo ra tion Inc. and cov ered by the WC
claim group (Hodgson and DePaoli, 1972). Sub se quent ex -
plo ra tion in cluded per cus sion and di a mond drill pro grams
by Amax Ex plo ra tion Inc. in 1972 and 1973, and di a mond
drill ing by Craigmont Mines Ltd. in 1974 (Ro wan, 1990).
Dur ing this pe riod, the min er al iza tion was also the fo cus of
a study car ried out at the Uni ver sity of West ern On tario
(Winfield, 1975). The WC oc cur rence has re ceived in ter -
mit tent at ten tion since the mid-1970s, in clud ing sev eral di -
a mond drill pro grams that were car ried out be tween 1992
and 1995 (Blann, 1995a). The most re cent work re corded
on the oc cur rence was a 1 784 m, 8 hole di a mond drill
program carried out by GWR Resources Inc. in 2005
(Callaghan, 2005).

The WC pros pect is hosted by vol ca nic and clastic
rocks within the tran si tion zone be tween the volcaniclastic
suc ces sion and the polylithic brec cia unit of the Nicola
Group. The host suc ces sion is dom i nated by vol ca nic and
polylithic brec cia and mafic flows, but also in cludes in ter -
vals of mas sive to thin-bed ded sand stone, siltstone and cal -
car e ous siltstone. These rocks are along the south mar gin of 
the Spout Lake pluton, and are cut by nar row dikes rang ing
from diorite to monzonite in com po si tion. Skarn as sem -
blages in clude the min er als gar net, epidote, cal cite, K-feld -
spar, mag ne tite, tour ma line, clinopyroxene, actinolite,
sphene and scapolite. Sul phide min er al iza tion, com pris ing
chal co py rite and py rite with sub or di nate bornite and covel -
lite, oc curs as stratiform lenses and frac ture-con trolled

zones as so ci ated with magnetite-rich skarn (Winfield,
1975; Callaghan, 2005).

Min er al iza tion at the WC pros pect oc curs mainly in
two zones, re ferred to as the North zone and the South zone. 
Cop per-mag ne tite min er al iza tion in the North zone oc curs
in nar row, dis con tin u ous lenses that are roughly con cor -
dant to the north west-strik ing, steeply dip ping hostrock.
The main zone of min er al iza tion has been traced over a
strike length of more than 400 m, and is 5 to 55 m wide.
Min er al iza tion within the zone is dis con tin u ous, how ever,
and cop per and gold as say val ues tend to be low and er ratic
(Callaghan, 2005). No ta ble (oblique) in ter sec tions from
the 2005 drill pro gram in clude 18.4 m grad ing 0.60% Cu
and 0.12 g/t Au, and 81.9 m grad ing 0.40% Cu and
0.01 g/t Au (Callaghan, 2005, hole SPL-05-01). The South
zone, 150 to 200 m south of the North zone, com prises
patchy skarn al ter ation and min er al iza tion that has been in -
ter preted to oc cur within a sin gle gently dip ping lens
(Blann, 1995b) or along two nar row, par al lel, north-north -
west-trending fault sys tems (Callaghan, 2005). No ta ble in -
ter sec tions from the 2005 drill pro gram in clude 32.7 m
grad ing 0.24% Cu and 0.06 g/t Au in hole SPL-05-02, and
11.7 m grading 0.40% Cu and 0.28 g/t Au in hole SPL-05-
07 (Callaghan, 2005).

RED

The Red show ing, lo cated about 2 km south of Spout
Lake, com prises frac ture-con trolled chal co py rite-py rite-
mag ne tite-mal a chite min er al iza tion ad ja cent to a north -
east-strik ing fault. The min er al iza tion oc curs in a small
out crop that was dis cov ered dur ing an ex plo ra tion pro gram 
on the Red prop erty in 2005 (Blann, 2006). It is hosted by
brec cia that forms part of the con tact zone be tween the
Nicola volcaniclastic suc ces sion and the polylithic brec cia
unit. A 1 m chip sam ple across the min er al ized zone re -
turned 2.54% Cu, 20.8 ppb Au and 12.8 ppm Ag (Blann,
2006, sample 151717).

CYAN (MINFILE 092P  121)

The Cyan show ing, hosted by the red sand stone-con -
glom er ate unit of the Nicola Group about 4 km north west of 
Mount Tim o thy, com prises scat tered oc cur rences of na tive
cop per, mal a chite and chal co py rite. The area was staked as
the Bear claim group in 1994, fol low ing the re lease of en -
cour ag ing ex plo ra tion re sults from the nearby Mir a cle
show ing (MINFILE 092P  124), and cop per min er al iza tion
was dis cov ered dur ing a short pro gram of re con nais sance
geo log i cal map ping (Newman, 1994). It was fur ther eval u -
ated with geo log i cal map ping and lim ited soil and silt geo -
chem is try in 1998 (Blann, 1998), but has received little
attention since then.

The cop per min er al iza tion at the Cyan show ing oc curs
as sev eral iso lated oc cur rences within two ar eas about
1 600 m apart. The north east ern area is within a se ries of
pyroxene-phyric flows and flow brec cias in the lower part
of the red sand stone-con glom er ate unit. It in cludes an ex -
po sure con tain ing na tive cop per as nar row frac ture fill ings
and dis sem i na tions, an ex po sure of frac tured mal a chite-
stained rock 500 m to the north east, and a nar row shear
zone con tain ing mal a chite, li mo nite and chal co py rite
900 m north west of the na tive cop per ex po sure (Newman,
1994). A grab sam ple from the shear zone re turned
1.67% Cu and 15 ppb Au, and a sam ple of the mal a chite-
stained rock to the east re turned 4 518 ppm Cu and
12 ppb Au (Blann, 1998). The sec ond area of min er al iza -
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tion, 1 600 m to the south west, is within an area dom i nated
by polylithic brec cia and con glom er ate with lo cal sand -
stone, shale and amyg da loid al flows. The main area of min -
er al iza tion com prises na tive cop per, as so ci ated with
chalcedonic quartz and specularite, as ves i cle fill ings
within an amyg da loid al flow. A grab sam ple of this cop per
min er  al  iza t ion re turned 0.13% Cu and less than
0.03 ppm Au (Newman, 1994). A sep a rate cop per oc cur -
rence, com pris ing mal a chite-stained breccia, is located
about 400 m to the north of the native copper showing
(Newman, 1994).

CLUB

The Club show ing is lo cated 5 km south of Spout Lake. 
It com prises 10 m of in ter mit tent mal a chite that was ex -
posed in a trench ex ca vated by Tide Re sources Ltd. in 1988, 
dur ing an ex plo ra tion pro gram on the Club min eral claims
(White, 1989). The trench was cut through K-feld spar-
epidote-al tered brec cia and sand stone that are here as -
signed to the Nicola polylithic brec cia unit. The zone of
mal a chite was sam pled in two 5 m in ter vals. One yielded
1 110 ppm Cu, 2.3 ppm Ag and 3 ppb Au, and the ad ja cent
sec tion re turned 2 579 ppm Cu, 5.6 ppm Ag and 1 ppb Au
(White, 1989).

Occurrences elsewhere in the Timothy Lake 
map area

SPRING LAKE (MINFILE 092P  114)

The Spring Lake oc cur rence, lo cated in the south-cen -
tral part of the map area, con sists of dis sem i nated and frac -
ture-con trolled cop per min er al iza tion within and ad ja cent
to the Kelly Lake stock. This area was first cov ered by the
SL claims, which were staked by Royal Ca na dian Ven tures
Ltd. in 1968 to cover a mag netic high out lined by an aero -
mag net ic sur vey (Geo log i cal Sur vey of Can ada, 1968).
The SL claims were ex plored with a soil geo chem i cal sur -
vey, a ground mag ne tom e ter sur vey, a VLF-EM sur vey, and 
lim ited geo log i cal map ping in 1968 (Vollo, 1969); a mer -
cury vapour soil geo chem i cal sur vey in 1970 (Vollo, 1970), 
and one 67 m di a mond-drill hole in 1971 (Brit ish Co lum bia
Min er al og i cal Branch, 1972). The area was restaked as the
Ty 1 claim by Guichon Explorco Ltd. in 1981, and cov ered
by a soil geo chem i cal sur vey (Owsiacki and Gam ble, 1982) 
and two in duced po lar iza tion sur veys (Gam ble, 1983a). It
was again restaked in 1994, as the Spring claims of GWR
Re sources Inc., and ex plored by geo log i cal map ping, a soil
geo chem i cal sur vey, in duced po lar iza tion and mag ne tom e -
ter geo phys i cal sur veys, and 1 549 m of di a mond drill ing in
twelve holes (Blann, 1995b). Erwin Re sources Ltd.
conducted soil, rock and silt geochemical surveys over the
area in 2003 (Thompson, 2003).

Bed rock is very poorly ex posed in the area of the
Spring Lake oc cur rence, but di a mond drill ing, to gether
with some nat u ral ex po sures, shows that cop per min er al -
iza tion is wide spread, al though dis con tin u ous and gen er -
ally low grade, over an area ex tend ing for about 1.5 km to
both the north and west of the west end of Kelly Lake
(Blann, 1995b). The min er al iza tion oc curs within the Kelly 
Lake stock, and in re lated dikes and en clos ing brec cia and
sand stone of the Nicola volcaniclastic suc ces sion north of
the stock. It con sists of py rite, chal co py rite and bornite, and 
lo cally na tive cop per and mal a chite, which oc cur along
frac tures, in nar row veins and as dis sem i na tions. As so ci -
ated al ter ation as sem blages con sist mainly of K-feld spar,

epidote, chlorite and mag ne tite, but ar eas of quartz-seri -
cite-py rite al ter ation are also re ported, and min er al ized
gar net-epidote-di op side skarn oc curs within brec cia north
of Kelly Lake (Blann, 1995b). Di a mond-drill hole S95-3,
lo cated 400 m west of Kelly Lake, cut the Kelly Lake stock
and in cluded a 21 m in ter sec tion grad ing 0.184% Cu,
0.03 g/t Au and 1 g/t Ag (Blann, 1995b). Di a mond-drill
hole S94-4, within vol ca nic brec cia 1 500 m to the north, in -
cluded a 15 m intersection that graded 0.151% Cu,
0.08 g/t Au and 1.16 g/t Ag (Blann, 1995b).

SODA LAKE (MINFILE 092P  152)

The Soda Lake oc cur rence is lo cated in the south west -
ern part of the map area, about 1 km north of Soda Lake, and 
is hosted by vol ca nic brec cia here as signed to the Nicola
volcaniclastic suc ces sion. The first as sess ment work re -
corded in this area was an in duced po lar iza tion sur vey con -
ducted by An a conda Amer i can Brass Ltd. in 1970 over the
White horse and Soda claim groups (Macrae and Cont,
1970). Most of these claims had lapsed by 1981, when R.M. 
Durfeld staked the Bridget 1 min eral claim to cover an area
of min er al ized float that he dis cov ered while pros pect ing
along the power trans mis sion line (Durfeld, 1982). Sub se -
quent pros pect ing, geo log i cal map ping and soil geo chem i -
cal sur veys led to the dis cov ery of mi nor in situ min er al iza -
tion, which Durfeld (1983) de scribes as py rite and
chal co py rite, as veins and dis sem i na tions, in propylitically
al tered andesitic volcanics and brec cias. Ad di tional pros -
pect ing, along with soil and rock geo chem i cal anal y ses,
was car ried out in 1996, when the area was cov ered by the
Soda 4 claim group of Guard ian En ter prises Ltd.
(McCrossan, 1996b). Soil and rock sam ples (an gu lar float
min er al ized with py rite) re turned anom a lous copper
values, but no subsequent work has been recorded in the
area of the occurrence.

RAIL

The Rail oc cur rence, lo cated about 3 km north of Rail
Lake, com prises min er al iza tion in ter sected in a di a mond-
drill hole cored to test an elon gate, north west-trending
aero mag net ic anom aly in an area with no bed rock ex po -
sure. The anom aly was first staked by M.S. Mor ri son in
1991, and the area was sur veyed with ground mag ne tom e -
ter sur veys from 1992 to 1995, a per cus sion drill ing pro -
gram in 1996, and a VLF-EM sur vey in 1999 (Mor ri son,
1999). The per cus sion drill ing pro gram showed that the
anom aly is un der lain by a mag ne tite-rich microgabbro. The 
orig i nal claims were al lowed to lapse, but the area was
restaked by M.S. Mor ri son in 2003, and three di a mond-
drill holes were cored in 1995 to test a north east-trending
mag netic low, in ter preted as a fault zone that off set the
anom aly. The three holes in ter sected gab bro that is weakly
min er al ized with chal co py rite and bornite in zones of
potassic al ter ation. The best in ter sec tions re turned
0.67% Cu across 25 cm and 0.27% Cu across 2 m
(Morrison, 2006).

MAC (MINFILE 092P  032)

The Mac show ing is lo cated within the Takomkane
batholith near its south west mar gin, about 2.5 km south east
of Spring Lake. Canway Ex plo ra tions Ltd. ex plored the
area with a soil geo chem i cal sur vey, two in duced po lar iza -
tion sur veys, trench ing and per cus sion drill ing from 1969
to 1974. This was fol lowed by a small rock and soil geo -
chem i cal sur vey car ried out by Guard ian En ter prises Ltd.
in 1996. The known min er al iza tion is ap par ently very mi -
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nor, and is de scribed as dis sem i na tions and frac ture-fill ings 
of fine-grained py rite, chal co py rite and molybdenite
(McCrossan, 1996a).

MATH (MINFILE 092P  133)

The Math show ings are lo cated in the Takomkane
batholith, about 6 km east of Tim o thy Lake. The area was
staked by Pickands Mather and Co. in 1972 to cover an area
of anom a lous mo lyb de num val ues ob tained in a lake sed i -
ment geo chem i cal sur vey. An ex plo ra tion pro gram car ried
out in 1973 in cluded geo log i cal map ping, soil and mer cury
vapour geo chem i cal sur veys, a mag ne tom e ter sur vey, and
the blast ing of 9 test pits. Mo lyb de num min er al iza tion was
ex posed in two ad ja cent test pits. It com prises py rite and
mo lyb de nite within a ran dom net work of quartz veinlets,
hosted by in tensely si lici fied and lo cally brecciated gra nitic 
rock. A 14 kg sam ple of min er al ized ma te rial re turned
0.024% Mo (Leon ard and Wahl, 1973). Sub se quent ex plo -
ra tion ap par ently in cluded an in duced po lar iza tion sur vey
and some drilling, but none of this work was filed for
assessment purposes.

Ad di tional ex plo ra tion work in the area of the Math
show ing was car ried out by Denison Mines Ltd. in 1980,
Herb Wahl and As so ci ates Ltd. in 1984, and Guard ian En -
ter prises Ltd. in 1996. The 1984 ex plo ra tion pro gram out -
lined a zone of strong quartz-seri cite-ka olin-py rite al ter -
ation, 350 m by 400 m in size, about 1 700 m north east of
the orig i nal Math mo lyb de num oc cur rence. Anom a lous
Mo val ues of 29 to 240 ppm were ob tained from
propylitically al tered rocks col lected ad ja cent to this al -
tered zone (Wahl, 1984). This pe riph eral zone in cludes an
ex po sure of slightly si lici fied and chloritized granodiorite
with dis sem i nated chal co py rite and mal a chite. A sam ple of
this ma te rial returned 1 420 ppm Cu and 242 ppm Mo
(Wahl, 1984).

TIMOTHY CREEK (MINFILE 092P  033)

The Tim o thy Creek oc cur rence is lo cated on the west
side of Tim o thy Creek, 12 km north east of Lac La Hache. It
com prises polymetallic veins within a shear zone that cuts
andesitic flows and brec cia of the Skull Hill For ma tion. The 
Yep claims were staked over the veins in 1972, and the
claims were ex plored with a soil geo chem i cal sur vey and
rock sam pling pro gram in 1974. The high est as say from
eight sam ples of min er al ized ma te rial col lected dur ing this
pro gram was 0.30% Cu, 3.51% Pb, 6.05% Zn, 159.4 g/t Ag
and 1.3 g/t Au (Fox, 1974). The min er al ized struc ture was
mapped in more de tail by Reinertson (1978) af ter the show -
ing had been ac quired by Noran da Ex plo ra tion Com pany
Ltd. Ac cord ing to Reinertson the shear zone strikes 015°,
dips steeply west, is up to 90 m wide, and was traced over a
strike length of 725 m. In di vid ual veins are less than 15 cm
thick and vary in com po si tion from pure ga lena to vari able
pro por tions of ga lena, chal co py rite, sphalerite, quartz and
cal cite. Noran da Ex plo ra tion Com pany Ltd. tested the vein
sys tem at depth with two an gled di a mond-drill holes in
1979. Al though quartz-car bon ate veins were in ter sected
be neath the sur face show ing, they are nar row and only
sparsely min er  al  ized with disseminated galena,
chalcopyrite, sphalerite and pyrite (Lewis, 1979).

SUMMARY OF MAIN CONCLUSIONS

• The Tim o thy Lake map area is un der lain mainly by
Me so zoic vol ca nic, sed i men tary and plutonic rocks of

the Quesnel Terrane, but also in cludes sub stan tial ar -
eas of Eocene vol ca nic rocks, small out li ers of
Mio cene-Plio cene ba salt, and sev eral patches of Qua -
ter nary (?) ba salt con tain ing lherzolite xe no liths.
Eocene vol ca nic rocks are much more ex ten sive than
shown on pre vi ous maps, whereas Mio cene-Plio cene
ba salt of the Chil cotin Group is con sid er ably less ex -
ten sive.

• The Quesnel Terrane is rep re sented mainly by the Up -
per Tri as sic Nicola Group and Early Ju ras sic
granodiorite of the Takomkane batholith (School house 
Lake unit), but also in cludes quartz-poor in tru sive
rocks of mainly monzodioritic com po si tion. The lat ter
in tru sions are par tic u larly abun dant in the north-cen -
tral part of the map area, where they are as signed to the
Spout Lake in tru sive suite, rep re sented by the south ern 
part of the Spout Lake pluton and sev eral stocks and
plugs south of Peach Lake.

• The Nicola Group in the south ern part of the map area
con sists mainly of green pyroxene por phyry brec cia
and pyroxene-feld spar sand stone, which are as signed
to the volcaniclastic suc ces sion and cor re lated with
Nicola rocks pre vi ously mapped to the east and south -
east. Two ad di tional units, not rec og nized to the east,
have been mapped in the north-cen tral part of the map
area, where they interfinger with and over lie the
volcaniclastic suc ces sion. These are re ferred to as the
polylithic brec cia unit and the red sand stone-con glom -
er ate unit. The unique fea tures of these units in clude
the pres ence of abun dant fine to me dium-grained
plutonic frag ments (monzonite, monzodiorite, diorite,
gab bro) in the con glom er ate and brec cia, and a pre -
dom i nant red col our of the sand stone and con glom er -
ate in the up per part of the suc ces sion. These units
prob a bly cor re late with unit 3 of Panteleyev et al.
(1996) within the Quesnel River – Horse fly map area
to the north.

• Cu-Au min er al iza tion is con cen trated in an area of
60 to 70 km2 in the north-cen tral part of the Tim o thy
Lake map area, near Peach Lake. Min er al iza tion oc -
curs mostly as por phyry-style frac ture and vein
stockworks within and ad ja cent to stocks of the Spout
Lake in tru sive suite, but also in cludes sev eral skarn oc -
cur rences. The por phyry-style min er al iza tion com -
prises chal co py rite, py rite and lo cally bornite, and is
as so ci ated with mag ne tite and K-feld spar, and lo cally
bi o tite, he ma tite, tour ma line, chlorite and cal cite,
within ar eas of wide spread K-feld spar-epidote al ter -
ation. Mal a chite and na tive cop per are com mon
through out the min er al ized belt. One of the min er al -
ized stocks has yielded a U-Pb ti tan ite date of
203 ±4 Ma (Whiteaker et al., 1998), dem on strat ing a
tem po ral re la tion ship with other alkalic Cu-Au por -
phyry sys tems within cen tral and south ern Quesnel
Terrane, such as Mount Polley, Afton-Ajax and Cop -
per Moun tain (Mortensen et al., 1995).

• The min er al ized stocks south of Peach Lake are hosted
by the polylithic brec cia unit of the Nicola Group,
which is over lain by the red sand stone-con glom er ate
unit to the south. The spa tial re la tion ship of min er al -
ized stocks, brec cia and con glom er ate units con tain ing 
plutonic clasts, and red brec cia and sand stone im ply -
ing emer gent con di tions, sug gests that this area is part
of a rel a tively long-lived vol ca nic-plutonic centre
within the Nicola arc.
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Newly Recognized White Talc-Carbonate Filler Potential of the
Greenwood – Bridesville Area, British Columbia (NTS 082E),

and Brief Talc Market Review

by G.J. Simandl1,2

KEYWORDS: talc, cal cite, do lo mite, filler, ex plo ra tion, de -
vel op ment, po ten tial market

INTRODUCTION

Brit ish Co lum bia has over 40 talc de pos its, at least
seven of which are car bon ate-hosted (MacLean, 1988;
Benvenuto, 1993). Most eco nomic talc de pos its in the
world can be clas si fied as ei ther sed i men tary hosted
(Simandl and Paradis, 1999) or ultra mafic hosted (Simandl
and Ogden, 1999).

The re cently rec og nized Bridesville talc-car bon ate de -
posit, in the Green wood – Bridesville area of south ern BC,
is the sed i men tary-hosted va ri ety. It has a lower grade than
most tra di tional high-grade car bon ate-hosted talc de pos its,
such as Henderson, Conley and East de pos its lo cated in
On tario (Simandl, 1985b) and those in Montana, United
States. How ever, a par al lel may be made be tween the
Bridesville de posit and the New Conley de posit, On tario.
White fill ers con tain ing talc, de rived from the New Conley
orebody (talc-bear ing do lo mite), were suc cess fully mar -
keted in the past by Can ada Talc In dus tries Ltd. un der the
trade marks Dolfil and Talfil. The pos si bil ity that there is a
mar ket for ‘talc-car bon ate filler’ in west ern North Amer ica
should be in ves ti gated. If the re sults of the in ves ti ga tion are 
pos i tive, the talc-car bon ate zone of the Bridesville de posit
may pro vide sell able prod uct with out need for up grad ing.
The need for cap i tal cost-in ten sive pro cess ing (such as flo -
ta tion), to achieve a mar ket able prod uct, would lower the
de vel op ment po ten tial of this de posit. Even if there was no
mar ket for the talc-car bon ate filler, the iden ti fi ca tion of the
Bridesville de posit is sig nif i cant. Car bon ate-hosted talc de -
pos its typ i cally oc cur in clus ters. A higher grade ex ten sion
of this de posit, or an other higher grade car bon ate-hosted
deposit (characterized by high brightness and whiteness
talc ore), could be discovered in southern BC.

THE TALC MARKET

The com bined world  pro  duc t ion of  talc  and
pyrophyllite is es ti mated at 8.3 mil lion tonnes for 2006
(Virta, 2007). More than one third of it orig i nates from
China. Most of the world talc pro duc tion is used in the pa -
per, ce ram ics, plas tics and paint/coat ing in dus tries. The
cos metic-grade talc mar ket is very small but talc con cen -
trates that meet these tight spec i fi ca tions have a very high
unit value. If pyrophyllite is elim i nated from these sta tis -
tics, the talc pro duc tion alone is prob a bly close to 7 mil lion
tonnes. United States’ talc mar kets have been de clin ing
since they at tained a high of 1.05 mil lion tonnes in 1990. In
2004, they reached a low of 857 000 tonnes, but mar kets are 
cur rently re cov er ing. United States’ con sump tion is ex -
pected to vary within the 875 000 to 925 000 tonne range
for the next few years (Virta, 2007). Ca na dian ship ments of
talc and pyrophyllite com bined were es ti mated at 66 000
tonnes in 2005 (Dumont, 2005), though de tailed break -
down by prov ince is not avail able. How ever, On tario,
which pro duces talc from both sed i men tary and ultramafic-
hosted deposits, is the main producer.

China’s ex ports of high-pu rity, lump-talc ore may be
cur tailed be cause of the elim i na tion of China’s ex port tax
re bates, the im ple men ta tion of new ex port taxes and its
shrink ing re serves of high-grade ores. A sub stan tial pro -
por tion of the high-grade, Chi nese, lump talc was tra di tion -
ally pro duced from small op er a tions by highly se lec tive
min ing and hand sort ing. There fore, in the me dium term,
Ca na dian talc pro duc ers have the po ten tial to in crease their
share of to tal mar ket. How ever, in the short term, any talc
pro ducer lo cated along the west coast of North Amer ica has 
to com pete with Chi nese ex ports and with talc from
Madison County, Montana.

A re view of the talc in dus try by Virta (2007) in cludes a
dis cus sion of the uses and value of talc prod ucts. The pri -
mary user of talc is the pa per in dus try. A study of the pa per
in dus try mar ket along the west coast of North Amer ica by
Har ris and Ionides (1994) in di cates that most of the talc
prod ucts used in pulp and pa per, paint and plas tics pro duc -
tion are nearly monomineralic and have tighter spec i fi ca -
tions than the con cen trates used in ce ramic, coat ing or plas -
t ic fi l ler  ap pli  ca t ions.  Ex am ples of talc prod uct
spec i fi ca tions used in the pa per in dus try are pro vided by
Har ris and Ionides (1994). The sec ond most im por tant use
of talc in terms of ton nage is prob a bly in the as phalt in dus -
try, which con sumes off-colour and low-grade prod ucts. A
small amount of soap stone talc is ex tracted but it is pri mar -
ily artisanal, there is only one com mer cial soap stone op er a -
tion near East Broughton, Que bec. There are spe cial cir -
cum stances, other than in as phalt use, where ma te rial
con tain ing talc-car bon ate mix tures may be come a sell able
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prod uct as sum ing that phys i cal and chem i cal ho mo ge ne ity
of the prod uct can be main tained over a pro longed pe riod of 
time. This has been dem on strated by the suc cess ful mar ket -
ing of prod ucts de rived from the New Conley de posit in
On tario (see be low). This pos si bil ity should be in ves ti -
gated in the case of the Bridesville deposit, which has a
potential to supply high whiteness product.

LOCATION AND HISTORY

The newly rec og nized talc-car bon ate de posit in BC is
lo cated south of Bridesville in south ern BC (342948E,
5432972N, el e va tion 1080 m asl; Fig 1). P. Chaput, of
Mighty White Do lo mite Ltd. (Mighty White), pro vided the
au thor with a sam ple for min eral iden ti fi ca tion. Talc and
car bon ate were ten ta tively iden ti fied as the two main con -
stit u ents. P. Chaput re ported that this de posit was pre vi -
ously con sid ered as a source of high-pu rity do lo mite for ag -
ri cul tural and en vi ron men tal ap pli ca tions. How ever, the
ma te rial did not pass the neutralizing tests and the project
was abandoned.

A brief re con nais sance-type ex am i na tion and sam -
pling pro gram of the ex ca va tion was un der taken by the au -
thor. This in ves ti ga tion con firmed the lo ca tion of the oc cur -
rence, the di men sion of the ex ca va tion, and the width,
ori en ta tion and min er al ogy of the talc-car bon ate zone and
host rock.

REGIONAL GEOLOGICAL SETTING

The Bridesville talc-car bon ate de posit lies within the
Perm ian and/or Tri as sic An ar chist Group as de fined by Lit -
tle (1961), con sist ing of greenstone, quartz ite, greywacke,
lime stone and lo cally paragneiss. Tempelman-Kluit (1989) 
also mapped the de posit area at a scale of 1:250 000, but a
more de tailed map is not cur rently avail able. The
Bridesville talc-car bon ate de posit may be stratigraphically
re lated to the Rock Creek do lo mite mine, also called Dolo
(MINFILE 082ESE200; MINFILE, 2007), which is op er -
ated by Mighty White.

The Rock Creek do lo mite mine is lo cated ap prox i -
mately 5 km south east of the com mu nity of Rock Creek. It
oc curs within the Perm ian to Car bon if er ous Knob Hill
Group (MINFILE 082ESE200). This ter mi nol ogy is in line
with a sug ges tion by Lit tle (1983) not to use the An ar chist
Group term within the Green wood area; how ever,
MacLean (1988) re it er ates that the do lo mite mined near
Rock Creek is part of the An ar chist Group. Massey (2007)
in cluded the Rock Creek do lo mite in the An ar chist schist
but stated that the re la tion ship be tween this unit and the rest
of the Anarchist schist is enigmatic.

The high-qual ity do lo mite from Rock Creek mine is
sim i lar in chem i cal com po si tion and col our to the do lo mite
that is host ing the Bridesville talc-car bon ate de posit. How -
ever, the Rock Creek do lo mite con tains traces of ser pen tine 
rather than traces of talc. Mafic dikes cross cut ting the do lo -
mite at Rock Creek have sharp and pre dict able con tacts
with the do lo mite, al though in places they are schis tose. It
is there fore pos si ble that the Rock Creek and Bridesville
do lo mite zones are stratigraphically re lated, dif fer ing only
in de gree of de for ma tion. The highly schis tose greenstone
ex posed in the Bridesville ex ca va tion is a postdefor -
mational equiv a lent of the mafic dikes. A de tailed re-ex am -
i na tion of the Rock Creek do lo mite is jus ti fied. MacLean
(1988) re ports a talc-bear ing zone near the base of do lo mite 
ore. This zone was not ex posed, or at least not ob served, at
the time of the au thor’s brief visit to the minesite as part of
an industry monitoring program in 2001.

The clar i fi ca tion of the ex act strati graphic re la tion ship
be tween the rocks host ing the Bridesville and the Rock
Creek de pos its is very rel e vant for do lo mite ex plo ra tion. It
may be less crit i cal for talc ex plo ra tion, es pe cially if
mineralization-con trol ling struc tures are very re cent rel a -
tive to dolostone units (chem i cal com po si tion of dolomites
being equal).

DEPOSIT DESCRIPTION

The ex po sure of the talc-car bon ate de posit is lim ited to 
the iso lated quarry; no other out crops were ob served in im -
me di ate prox im ity of the ex ca va tion (Fig 2). The ex ca va -
tion is ap prox i mately 60 m in length, 20 m in width and, in
places, is more than 6 m deep. The over bur den in the ex ca -
va tion area var ies from 0 to >1 m thick (Fig 3). It con tains
white frag ments of un der ly ing talc-bear ing rock. Three
main rock types are ex posed within the ex ca va tion: a) talc-
bear ing schis tose car bon ate, b) greenstone and c) mas sive
dolostone. The talc-bear ing zone has a strongly de vel oped
schistosity and is ex posed on the eastern wall of the
excavation (Fig 3).

The talc-bear ing zone is sev eral metres thick, strik ing
ap prox i mately north-south and dip ping 20 to 40º
eastwards, as sum ing that the ori en ta tion of the schistosity
ap prox i mates that of the talc zone. Con tacts of the talc zone
and do lo mite are wavy and they are marked by an abrupt
dis ap pear ance of the schistosity. Talc ac counts for ap prox i -
mately half of the rock within the talc-car bon ate zone,
based on vi sual es ti mates. The talc is con cen trated along
schistosity planes. Cal cite is the main car bon ate min eral
with mi nor do lo mite. Sys tem atic sam pling and lab o ra tory
work are needed to better con strain the talc con tent and rel -
a tive pro por tion of cal cite and do lo mite. The talc-bear ing
zone is de scribed in more de tail in the next sec tion.

The greenstone is char ac ter ized by its green col our on
both fresh and weath ered sur faces. The con tact be tween the 
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Fig ure 1. Lo ca tion of the sed i men tary-hosted Bridesville talc-car -
bon ate de posit, south ern BC.



steeply dip ping greenstone unit and the sur round ing mar ble 
is sharp and highly ir reg u lar. Sim i larly to the talc-bear ing
zone, the greenstone is also char ac ter ized by a strong schis -
tose fab ric; how ever, it con sists largely of chlorite (>60%).
Car bon ates, dom i nantly cal cite, ac count for less than 40%
of this rock. Cal cite is ei ther intergrown with chlorite or
form s veinlets. Quartz forms decimetre-scale, ir reg u larly

dis trib uted pods and veins con sti tut ing <5% of the ex po -
sure. Quartz is also pres ent as fine-grained ag gre gates in
con tact with chlorite or cal cite. Quartz veins and pods do
not ap pear to ex tend from the greenstone into the
dolostone. Sulphides (mostly py rite) are re stricted to lo cal -
ized zones within the greenstone and oc cur as dis sem i na -
tions, typ i cally con sti tut ing <1% of the rock; rarely 1–3%.
Talc, he ma tite and ten ta tively iden ti fied al bite are trace
con stit u ents. The greenstone fab ric is strongly dis cor dant
to the schistosity of the talc-bear ing zone, but their in ter sec -
tion is not ex posed within the ex ca va tion. The greenstone’s
protolith may have been a mafic dike or sill (such dikes and
sills are vis i ble in the do lo mite quarry op er ated by Mighty
White); however, it could have also been a lava flow, tuff or
volcanic rock-derived sediment.

The dolostone, the third lithological unit within the ex -
ca va tion, is mas sive, pale grey on weath ered sur faces (Fig
4) and very pale grey to white (lo cally mot tled) on fresh sur -
faces. Healed frac tures that are hard to dis cern on the fresh
sur face are en hanced on the weath ered sur face by pref er en -
tial weath er ing. The dolostone con sists pre dom i nantly of
do lo mite (>95%) with mi nor con cen tra tions of cal cite, talc
and trace py rite. Talc (<1%) is ob served in veinlets in as so -
ci a tion with coarser car bon ate (cal cite?) within the mot tled
va ri ety of do lo mite. The chem i cal com po si tion of the
dolostone is given in Table 1.
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Fig ure 2. View of the ex ca va tion at Bridesville talc-car bon ate de -
posit, south ern BC; look ing north (truck for scale). Ab bre vi a tions:
Do, dolostone; Ta-Ca, talc-car bon ate zone.

Fig ure 3. View of the ex ca va tion at Bridesville talc-car bon ate de -
posit, south ern BC; look ing at the east ern wall (note book for scale). 
Ab bre vi a tions: Ta-Ca, talc-car bon ate zone; Do, dolostone; Gs,
greenstone; Obd, over bur den.

Fig ure 4. Weath ered sur face of dolostone show ing nearly ran dom
frac tur ing, Bridesville talc-car bon ate de posit, south ern BC. Frac -
ture pat tern is en hanced by pref er en tial weath er ing. Five-cent coin 
for scale.

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 LOI TOT-C CO2 TOT-S SUM

Talc-carbonate zone 35.01 <0.03 0.13 18.58 25.62 0.01 <0.04 <0.01 0.05 0.03 <0.001 20.6 5.92 21.7 <0.01 100
Grey carbonate, 
dolostone (limy) 2.08 0.15 0.11 17.9 34.26 0.01 0.04 0.01 0.03 0.01 0.001 45.4 12.07 44.26 0.01 99.97
Mottled dolomite 2.46 0.05 0.07 19.45 32.57 0.01 0.04 0.01 0.03 0.01 0.001 45.3 12.38 45.39 0.01 99.97

TABLE 1. CHEMICAL COMPOSITION OF TALC-CARBONATE ZONE AND DOLOMITE FROM THE BRIDESVILLE DEPOSIT,
SOUTHERN BC. THE CO2 CONTENT WAS CALCULATED FROM TOTAL CARBON (TOT-C X 44/12 = CO2). IN THE CASE OF THE

TALC-BEARING ZONE, CO2 IS HIGHER THAN LOSS-ON-IGNITION; THIS SHOULD NOT HAPPEN. TALC IS A HYDRATED
MINERAL CONTAINING APPROXIMATELY 4.75% OF H2O, AND THIS DISCREPANCY MAY BE ATTRIBUTED TO

LOW ANALYTICAL PRECISION.



Physical and Chemical Properties of the
Talc-Bearing Zone

The talc-bear ing zone is very pale grey on weath ered
sur faces and is char ac ter ized by its flaky tex ture (Fig 5),
which dis tin guishes it from the mas sive dolomitic hostrock
(Fig 4). It is highly schis tose where ex posed in the ex ca va -
tion, sug gest ing that it would be rel a tively easy to crush. It
is snow white on the fresh sur face, sug gest ing that the pro -
cessed ma te rial will most likely be very white and bright (as 
re quired in the most de mand ing filler ap pli ca tions). The
talc-bear ing do lo mite shows a strong pla nar fab ric (Fig 6)
and breaks eas ily into sheets and lenses (typ i cally <1cm
thick). How ever, these sheets may be pa per thin within the
most schis tose por tions of the zone. The talc-bear ing zone
was vi su ally es ti mated to con sist of 50–65% talc and 35–
50% car bon ate, most of which is cal cite {CaCO3} and pos -
si bly mi nor do lo mite {CaMg(CO3)2}. Py rite is pres ent in
some parts of the zone as a trace con stit u ent. Plagioclase
may be pres ent as traces. Talc plate lets are con cen trated
along the schistosity planes. They are ori ented (elon gated)
par al lel to the schistosity planes, sug gest ing that talc is
predeformational, or most likely syndeformational, and
that it is formed by the in ter ac tion of metasomatic/meta -
mor phic flu ids with do lo mite hostrock. Nei ther tremolite
nor chryso tile was ob served within the talc-bear ing zone;
how ever, the ab sence of these min er als should be con -
firmed. The talc con tent and com po si tion of the car bon ate
of the talc-bear ing zone should be better con strained by
sys tem atic sam pling and related laboratory work.
Chemical composition of the talc-carbonate zone is given
in Table 1.

New Conley, Henderson and View Deposits

The fol low ing sec tion de scribes ma te ri als from New
Conley and Henderson talc-car bon ate de pos its lo cated in
east ern On tario and from the View de posit in south east BC.
These de scrip tions are es sen tial to un der stand the sim i lar i -
ties and dif fer ences be tween these de pos its and the newly
dis cov ered Bridesville de posit. In the dis cus sion sec tion
be low, the par al lel is drawn with the ma te ri als derived from
the New Conley deposit.

The prop erty on which the Henderson (in op er a tion
since 1896), Conley (Old Conley), New Conley and East

de pos its (dis cov ered in 1981) are lo cated, has changed
hands nu mer ous times and is cur rently owned by Dynatec
Cor po ra tion. It is lo cated near Madoc, south east ern On tario 
(Simandl, 1985a). In the 1970s and the early 1980s, three of 
these de pos its were ex ploited by Canada Talc Ltd.

New Conley had a much lower talc con tent than its fa -
mous neigh bour, the high-grade Henderson talc de posit
(Simandl, 1982; Simandl, 1985b). Crushed ma te rial from
the New Conley de posit con sisted mainly of do lo mite. Talc
(≅10%), tremolite (≅10%), phlogopite (<10%) and
antigorite (1.5%) were the re main ing iden ti fied con stit u -
ents (Goldberg and Wehrung, 1981). The crushed ma te rial
was suc cess fully com mer cial ized and mar keted un der the
names Dolfil™ and Talfil™ (Simandl, 1985a, b). Chem i -
cally, these prod ucts con sisted of 20–24% MgO, 26–30%
CaO, 16–18% SiO2, 0.5–1% Al2O3, 0.5–1% Fe2O3 and 30–
35% loss-on-ig ni tion (LOI). These prod ucts were mar -
keted as func tional fill ers for seal ants, put ties and ad he -
sives, paint and coat ings, plas tics and stucco/dry wall con -
struc tion prod ucts. Top of the line va ri et ies of these
prod ucts were also mar keted as in ert car ri ers for com mer -
cial pes ti cides, fer til iz ers and in sec ti cides. The raw ma te -
rial for this prod uct was ex tracted from un der ground work -
ings con nected to the Conley #3 shaft, but the plans ex isted
to start min ing at the sur face as well.

The main prod uct line of Can ada Talc In dus tries Ltd.,
called CANTAL™, was de rived from the Henderson
orebody. Ac cord ing to Goldberg and Wehrung (1981), in
the 1970s and 1980s, this prod uct con sisted of talc (>70%),
do lo mite (24%), pris matic tremolite (0.2%), antigorite
(2.6%) and phlogopite (1.8%). Rich ard son (1981) in di -
cates that its typ i cal chem i cal com po si tion was 42–45%
SiO2, 25–28% MgO, 9–12% CaO, 2–3% Al2O3, 0.5–1%
Fe2O3 and 10–12% LOI. This data is in line with the anal y -
ses of grab sam ples re ported by Simandl (1985a).

The spec i fi ca tions of the main line of talc-rich prod -
ucts cur rently pro duced by Dynatec Cor po ra tion are still re -
ferred to as CANTAL but spec i fi ca tions evolved. The com -
pany’s website (Dynatec Cor po ra tion, 2007a) in di cates
that in ad di tion to its CANTAL™ line of prod ucts, the com -
pany pro duces a do lo mite-rich prod uct un der the trade mark 
DYNAFIL. The prod uct safety sheets for DYNAFIL™ are
cur rently iden ti cal to those of Dolfil™, as in di cated by
Can ada Col ors and Chem i cals Lim ited’s website (Can ada
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Fig ure 5. Weath ered sur face of the talc-bear ing zone,
Bridesville talc-car bon ate de posit, south ern BC, char ac ter -
ized by “flaky” tex ture (strong pref er en tial pla nar fab ric). Five-
cent coin for scale.

Fig ure 6. Strong pref er en tial fab ric and snow white col our char -
ac ter izes talc-bear ing zone, Bridesville, south ern BC. Ham mer
for scale.



Col ors and Chem i cals Lim ited, 2007) and Dynatec Cor po -
ra t ion’s website (Dynatec Cor po ra t ion,  2007b) .
DYNAFIL™ and Dolfil™ prod ucts are re ported to con tain
90–93% do lo mite ,  3–4% cal  ci te  and 1–3% non-
asbestiform tremolite. To day, the raw ma te rial for
DYNAFIL™ (Dolfil™’s func tional equiv a lent) may be
com ing from the open pit op er a tion rather than from un der -
ground be cause it dif fers in mineralogy from the sample
analyzed by Goldberg and Wehrung (1981).

The View de posit (MINFILE 082FSE070), lo cated ap -
prox i mately 30 km west of Creston, BC, is also known to
con tain low-grade talc, do lo mite, mus co vite and cal cite;
how ever, the min er al iza tion is not white, whereas
Bridesville ore is white. Here, im pure talc was con sid ered
for com mer cial use with out up grad ing. It was ex plored and
de vel oped in 1964 (Olson, 1965). A trial ship ment was ex -
tracted from this de posit in 1983 by In ter na tional Mar ble
and Stone Com pany Ltd. This low white ness and low
bright ness ma te rial was in tended as low-cost filler and
dust ing component in asphalt (Hora, 1984).

DISCUSSION

Sim i lar i ties be tween the Bridesville white talc-
carbonate zone and the pre vi ously de scribed New Conley
white talc-do lo mite de posit near Madoc, On tario, sug gest
that the re cently dis cov ered Bridesville de posit may be of
eco nomic in ter est. Both the New Conley and Bridesville
de pos its have rel a tively low talc con tents, which could
make talc-car bon ate sep a ra tion dif fi cult to jus tify. A high-
qual ity do lo mite prod uct is al ready com mer cially avail able
in the Bridesville area from the Mighty White op er a tion
(Simandl et al., 2006, 2007). How ever, there is the pos si bil -
ity that the crushed or micronized white talc-car bon ate ore
may be sold at a pre mium over straight do lo mite or straight
high-cal cium car bon ate as a spe cialty min eral filler. A low-
cost mar ket study, aim ing to iden tify po ten tial buy ers for
the talc-car bon ate prod uct is jus ti fied. The talc con tent of
the Bridesville zone is in ter me di ate be tween ores from the
New Conley and Henderson de pos its. The pres ence of cal -
cite (rather than do lo mite) as the main car bon ate within the
Bridesville talc-bear ing zone is a pos i tive fea ture. Cal cite is 
pre ferred to do lo mite in most filler ap pli ca tions. The ex ist -
ing mill lo cated at Rock Creek, cur rently be ing used to pro -
cess do lo mite, could pos si bly han dle the processing of the
talc-carbonate ore for filler applications (with some
modifications or additions).

Car bon ate-hosted talc de pos its typ i cally oc cur in clus -
ters (Simandl, 1985a; Simandl and Paradis, 1999), as il lus -
trated by spa tial as so ci a tion of sev eral talc-bear ing de pos its 
near Madoc, On tario, and higher grade do lo mite-hosted
talc de pos its may also be dis cov ered in the Bridesville area.
A de scrip tive model for car bon ate-hosted talc de pos its
(Simandl and Paradis, 1999) pro vides leads for fu ture ex -
plo ra tion. How ever, a pre lim i nary mar ket study and more
de tailed lab o ra tory anal y ses of the talc-car bon ate zone are
rec om mended be fore ad di tional ex plo ra tion work is car -
ried out ei ther to establish reserves, or to find high-grade
talc deposits.

In this par tic u lar case, the lab o ra tory work should in -
clude both phys i cal and chem i cal pa ram e ters of the talc-
bear ing zone in clud ing de tailed min er al ogy, white ness and
bright ness, sur face area, oil ad sorp tion and abra sion. The
de tailed min er al ogy of sev eral rep re sen ta tive sam ples is es -
sen tial, as the talc ores that do not con tain acicular or fi -

brous am phi boles have a ma jor mar ket ing ad van tage over
talc prod ucts that con tain acicular or fi brous con stit u ents.
Prod ucts con tain ing fi brous min er als at tract in tense scru -
tiny from environmental and health authorities worldwide.

Origin

Any hy poth e sis pro posed to ex plain the or i gin of the
Bridesville talc de posit must be in ac cor dance with ob -
served struc tural con trol on the talc-cal cite zone and the
abrupt con tact of the talc-cal cite zone with the dolostone. It
should also be in agree ment with the min er al ogy of the talc-
bear ing zone (talc-cal cite) and the min er al ogy of the host
rock (nearly monomineralic do lo mite) and with subgreen -
schist or greenschist metamorphic conditions.

The fol low ing re ac tion ex plains the for ma tion of talc
{Si4O10Mg3(OH)2} and sat is fies all of the above listed con -
strains:

3CaMg(CO3)2 + 4SiO2(aq) + H2O � Si4O10Mg3(OH)2

+ 3CaCO3 + 3CO2(g)

This re ac tion was pro posed by Page (1951) and Zwart
(1954) and ex per i men tally stud ied by Metz and Puhan
(1970). Ac cord ing to the ex per i men tal work of Metz and
Puhan (1970) on do lo mite-quartz equi lib rium, as sum ing
the mole frac tion of CO2 (XCO2 ≅ 0.5) and de pend ing on
the lithostatic pres sure (P), talc may form at tem per a tures
be low 550°C (at P = 5 kbar) and well be low 400°C (at P =
0.5 kbar). At lower XCO2, the tem per a tures needed to form
talc are even lower. There fore, if a hy dro ther mal talc de -
posit is dis cov ered in unmetamorphosed car bon ate, or in
car bon ate that was sub ject to meta mor phic con di tions in fe -
rior to those needed to form tremolite dur ing the prograde
meta mor phic phase, then the chances the talc ore is am phi -
bole free are ex cel lent. Am phi boles that form dur ing the
prograde phase of con tact or re gional meta mor phism are
com monly destabilized dur ing the ret ro grade meta mor phic
phase, re sult ing in the for ma tion of talc pseudo morphs af ter 
tremolite. How ever, the talcification of am phi boles is
rarely com plete. No rig or ous meta mor phic study has been
done in the Bridesville area. Based strictly on the com bi na -
tion of min eral as sem blages in the greenstone and mar ble,
the rocks were most likely af fected by greenschist (or
subgreenschist) meta mor phism. At this stage, there is no
strong ev i dence to con clude if the Bridesville de posit was
formed dur ing the prograde or the ret ro grade phase of the
ther mal event, but talc-form ing flu ids were fo cused along a
struc tural weak ness plane. The source of heat driv ing the
hy dro ther mal sys tem may have been lo cal or re gional. If
the talc-form ing flu ids were re lated to re gional greenschist
fa cies meta mor phism, then sed i ment-hosted talc de pos its
in the Bridesville area could also be lo cated along the con -
tacts of dolostone with si li ceous units (both sil ica and mag -
ne sia would be in situ, only wa ter would be needed).
Greenschist fa cies con di tions, sug gested by min er al ogy of
the greenstone, are also fa vour able for the for ma tion of
ultra mafic-hosted talc de pos its (Simandl and Ogden,
1999).

SUMMARY

The pres ence of the do lo mite-hosted, talc-cal cite min -
er al iza tion at the Bridesville de posit is im por tant from a
talc ex plo ra tion per spec tive. This oc cur rence fits the sed i -
men tary-hosted talc de posit model (Simandl and Paradis,
1999). It can be con sid ered as an an a logue to the ob scure,
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yet eco nomic, low-grade sed i men tary-hosted, talc-
carbonate (do lo mite) New Conley deposit in Ontario.

The re sults of this in ves ti ga tion are suf fi ciently en -
cour ag ing to rec om mend ad di tional work, in clud ing a pre -
lim i nary mar ket in ves ti ga tion and sys tem atic char ac ter iza -
tion of the talc-car bon ate rock within the ex ca va tion to
de ter mine if a more com pre hen sive deposit evaluation is
justified.

The Bridesville talc-car bon ate de posit could be of eco -
nomic in ter est if there is a mar ket for white talc-car bon ate
filler on the west coast. The need for up grad ing the
Bridesville talc-bear ing rock would sig nif i cantly in crease
cap i tal cost re quire ments. There is also a pos si bil ity that the 
Bridesville de posit has a higher-grade ex ten sion, or that ad -
di tional do lo mite-hosted talc de pos its will be dis cov ered in
the area. Al though the Green wood – Bridesville area was
pros pected in ten sively for pre cious and base met als for
more than a cen tury, the doc u men ta tion of this de posit dem -
on strates that the area is far from ma tu rity in terms of
exploration for industrial minerals.
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Fireside Deposit: Diagenetic Barite in Strata of the Kechika Group,
and Vein Barite Related to Rifting of the Kechika Trough,

Northwestern British Columbia (NTS 094M/14)

by P.J. Wojdak

KEYWORDS: bar ite, Fire side mine, Kechika Trough

INTRODUCTION

Dresser In dus tries pro duced bar ite from the Fire side
prop erty from 1983 to 1985 for use in oil and gas ex plo ra -
tion. Af ter a twelve-year hi a tus, min ing was re ac ti vated on
a spo radic sea sonal ba sis by Fire side Min er als Inc. from
1997 to the pres ent. Ex am i na tion by the au thor of new ex -
po sures dur ing this sec ond phase of min ing has elu ci dated
the ge ol ogy of the de posit and led to a better un der stand ing
of barite vein formation.

The Fire side mine, lo cated in NTS area 94M/14, is
reached from the Alaska High way 125 km east of Wat son
Lake, or 11 km west of Fire side, via a 5.5 km gravel road
(Fig 1). Re align ment of the Alaska High way in the 1990s
north of its for mer lo ca tion short ened the length of the ac -
cess road by 1.5 km. The prop erty is lo cated 5 km north of
the Liard River in roll ing up land of the Liard Plain, an area
dot ted with nu mer ous small lakes and blan keted by gla cial
till. Out crop is sparse and con fined to the tops of low hills
and along ma jor streams. De cades ago, an ex ten sive for est
fire swept the Fire side dis trict. The area is cov ered now
with dense growth of young spruce and birch. Early ex plo -
ra tion at Fire side in cluded many bull dozer-cut lines with
un sys tem atic ori en ta tions, spac ings and lengths. These are
regrown with a tan gle of al der. Foot travel away from roads
at Fireside is difficult.

History and Production

G.B. Smith of Ed mon ton, Al berta re corded the first
four claims at Fire side in Oc to ber 1963. The claims were
ac quired by Mag net Cove Bar ium Cor po ra tion in 1964, and 
a seis mic re frac tion sur vey on the Bear, Moose and Wolf
claims was filed for as sess ment by H.C. Bickel (1965). The
ear li est geo log i cal de scrip tion was by J.W. McCammon
(1965). He de scribed a large stripped area and bar ite show -
ings that, based on top o graphic and geo log i cal re la tion -
ships, cor re spond to the Bear West and Bear East veins. A
sec ond ary bar ite show ing 300 m to the south west, also
noted by McCammon, does not cor re spond to the Moose or
Bea ver showings and is unknown to the writer.

Dresser Min er als Inc., a sub sid iary of Dresser In dus -
tries and af fil i ated with Mag net Cove Bar ium, con tin ued to

ex plore and de velop the prop erty (Crosby, 1971; McLeish
and Baron, 1981) and be gan in 1984 to pre pare the Moose
de posit for min ing. By 1986, some 70 000 t had been mined
(Butrenchuk and Han cock, 1997), from which 41 071 t of
bar ite were pro duced. Much of the bar ite was stock piled
and hauled to Wat son Lake on a mar ket ba sis un til 1989. By
1997, the orig i nal Fire side claims had lapsed and new
claims were ac quired by Matovich Min ing In dus tries Ltd.
Later that year, Fire side Min er als Inc. be came op er a tor
through an op tion agree ment with Matovich and mined the
Moose de posit. The Moose pit was re claimed and, in 1998,
Fire side Min er als de vel oped Bear West. The ma jor ity of
sub se quent bar ite pro duc tion has been ob tained from that
de posit, with a small amount com ing from Bear East. An -
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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 BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
cat_fldwk.htm

Fig ure 1. Re gional set ting of the Fire side bar ite de posit.



nual bar ite pro duc tion at Fire side totals 141 071 t of barite
from 235 000 t of ore (Table 1).

Min ing leases 361111 and 361112 cover ar eas of
41.8 ha over the Moose de posit and 82.3 ha over the Bear
de posit, re spec tively, and are owned by D.C. Allan of Red
Deer Al berta. The Ram and Lynx claims that ad join the
leases are also owned by Mr. Allan.

Operations Summary — Mining,
Beneficiation and Reserves

Dresser Min er als mined pri mar ily the Moose de posit,
sup ple mented by a small amount from Bear East. Fire side
Min er als ac quired the in fra struc ture built by Dresser Min -
er als. This in cludes a crusher, jigs and large lay-down area
near the Moose de posit, plus a grind ing and bag ging plant
in Wat son Lake. Fire side Min er als con tracts min ing and ore 
haul ing to Jedway En ter prises Ltd. Min ing (Fig 2) is done
with a track drill, a bull dozer and an ex ca va tor. Three 30 t

trucks trans port the ore (Fig 3) on the 4.2 km haul road to a
crusher at the Moose site. Crushed raw ore is up graded by
jigs that sep a rate bar ite, with a spe cific grav ity of 4.48,
from lighter rock. Av er age mine prod uct has a spe cific
grav ity of 4.3; a min i mum of 4.2 is re quired to be sale able,
equiv a lent to 90% pure bar ite (E.W. Craft, pers comm,
2006). The mine nor mally op er ates for three months each
year, from June to Au gust. High way trucks are used for the
125 km trip to Wat son Lake. Truck ing of bar ite con cen trate
be gins in mid-sum mer and the Wat son Lake plant op er ates
for about three months, from Au gust to October. The
operation provides temporary employment for 25 people.

The ground and bagged bar ite (Fig 4) is sold to the oil
and gas drill ing in dus try in north east ern Brit ish Co lum bia
and north ern Al berta and, dur ing the 1980s, was sold for
use in Alaska (S. Butrenchuk, pers comm, 1998). Bar ite is a
com po nent of drill ing ‘mud’. It pro vides a high hy dro static
head that helps pre vent ‘gush ers’ and con se quent en vi ron -
men tal im pact and oil loss. En vi ron men tal reg u la tions re -
quire lead con tent of bar ite used in oil field drill ing to be less 
than 10 ppm. Fire side bar ite is well within the en vi ron men -
tal stan dard; no ga lena has been found in the Bear vein and
oc curs rarely near the mar gin of the Moose vein. Fire side
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Year Ore source Mined 

(tonnes)

Barite 

production 

(tonnes)

1984� 1986 Moose, minor 
Bear East

70000 41071

1997 Moose 15000 9000
1998 Bear West 18000 11500
1999 Bear West 36000 23000
2000 0 0
2001 Bear East & 

West
15000 10000

2002 Bear East 7500 1500
2003 Bear West 15000 10000
2004 Bear West 14000 9000
2005 Bear West 15000 10000
2006 Bear West 30000 12000
2007 0 4000

Total 235500 141071

TABLE 1. ANNUAL PRODUCTION AT FIRESIDE
BARITE MINE (1998–2007). PRODUCTION IN 2002

EXCLUDES 5000 TONNES THAT WERE MINED BUT
NOT MILLED. PRODUCTION IN 2003 INCLUDES THE

5000 TONNES MINED IN 2002.

Fig ure 2. Min ing in the Bear West pit, 2005.

Fig ure 3. Load ing haul truck in the Bear West pit, 2006.

Fig ure 4. Bagged bar ite at the Wat son Lake plant, ready for ship -
ment.



bar ite also meets Amer i can Pe tro leum In sti tute cri te ria for
low content of soluble alkaline earth metals, such as
calcium.

DJ Drill ing Com pany Ltd. ini ti ated ex plo ra tion drill -
ing at Fire side to guide min ing by its af fil i ate, Jedway En -
ter prises Ltd. (D. Schussler, pers comm, 2005). A se ries of
holes was drilled in the vi cin ity of the Moose pit in late
2005 and ten holes were drilled in the area of Bear West in
early 2006, in both cases on a 30 m grid. The Bear West
drillcore was used by E.W. Craft to cal cu late a min ing re -
serve and to de sign a five-year plan for min ing (Craft,
2006), to be gin in 2007. Craft noted that his re port is not
com pli ant with Na tional In stru ment 43-101. He de ter -
mined a ‘re source’ of 208 000 t, with 512 000 t of waste
rock re quir ing re moval in or der to re cover bar ite, giv ing a
strip ra tio of 2.46:1. There was no min ing at the Fire side
prop erty in 2007, but bar ite was produced from stockpiled
material.

GEOLOGICAL SETTING

The Fire side area is un der lain by a se quence of
siliciclastic sed i men tary rocks, lime stone and do lo mite of
Cam brian (or older) to De vo nian age, de pos ited on the an -
ces tral mar gin of North Amer ica (Souther, 1992). These
strata form the Selwyn Ba sin in the Yu kon and, in north ern
Brit ish Co lum bia, a 500 km long embayment known as the
Kechika Trough. Fire side is lo cated near the junc tion be -
tween the south ern mar gin of the Selwyn Ba sin and the

north ern end of the Kechika Trough (Fig 1). Sed i men tary
rocks on the Fire side prop erty closely re sem ble the
Kechika Group (Late Cam brian to Early Or do vi cian) or the
over ly ing lower Road River Group. Ferri et al. (1999)
noted the dif fi culty in dis tin guish ing slate of the up per
Kechika Group from over ly ing strata of the lower Road
River Group (Or do vi cian to Early Si lu rian). The bound ary
be tween the two groups is where tan and light-col oured
limy slate and siltstone of the Kechika Group are suc ceeded 
up wards by sim i lar rocks, black in col our, of the Road
River Group. Ac cord ingly, J. Nel son (pers com., 2007) as -
signed Fire side strata to the Kechika Group. The up per
Road River Group, not seen in the vi cin ity of the de posit,
com prises dolomitic siltstone with mi nor lime stone and
chert of Si lu rian to Late De vo nian age. These Pa leo zoic
depositional bas ins are dis placed by the Eocene Tintina
fault, which cuts obliquely across the region 60 km south of
Fireside.

Im por tant sed i men tary exhalitive (SEDEX) zinc-lead-
bar ite de pos its oc cur ex ten sively in the lower Pa leo zoic
strata of the Selwyn Ba sin and Kechika Trough (Carne and
Cathro, 1982; Mac In tyre, 1992; Ferri et al., 1999). Bar ite
veins are sim i larly wide spread, cross cut ting these strata.

GEOLOGY IN THE VICINITY OF THE
BARITE VEINS

The vi cin ity of the Bear and Moose veins is un der lain
by thin bed ded, limy siltstone and shale (Fig 5). Bed ding at -
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Fig ure 5. Ge ol ogy of the Fire side bar ite minesite.



ti tudes are vari able: the rocks strike north west -
erly but the dip ranges from flat to mod er ate to the 
north east and the south west. A strong frac ture
cleav age is de vel oped that com monly masks bed -
ding. Open, up right folds about north west erly
axes are in ferred from vari a tion in bed ding at ti -
tudes. Nonweathered rocks are grey, but most
near-sur face rocks are tan-brown to or ange.
Quarry ex po sures show that the tran si tion be -
tween the two colours is sharp, oc cur ring within a 
few centi metres, and cuts across bed ding and
cleavage in a complex pattern (Fig 6).

Two out crops in the poorly ex posed area
near the Bear and Moose veins are par tic u larly in -
ter est ing. An out crop where the ac cess road
crests a low rise, south east of Thun der bird Lake,
con tains very well pre served worm bur rows. The
same out crop con tains a spot ted mafic dike de -
scribed in de tail be low. An other road out crop,
just south of the Bear East vein, con tains bar ite as
dis sem i nated crys tals 0.3 to 0.5 cm in size (Fig 7). 
Iden ti fi ca tion of bar ite was cor rob o rated by X-
ray dif frac tion anal y sis (J.A. McLeod, pers
comm, 2006). The bar ite crys tals oc cur pref er en -
tially in thicker siltstone beds, up to 10 cm thick,
and are gen er ally con cen trated in the cen tre of the 
bed. Bar ite forms 5 to 20% of re cep tive siltstone
lay ers and is ab sent from thin black mudstone
lay ers. The long axis of in di vid ual bar ite crys tals
is ran domly ori ented with re spect to bed ding, in -
di cat ing that these are not de tri tal bar ite grains.
Ferri et al. (1999) de scribed authigenic bar ite in
cal car e ous slate to silty limestone horizons of the
lower Road River Group.

Near the Bea ver vein, a body of gab bro is
fairly well ex posed in out crop over a 150 m wide
area. The Bea ver vein is sit u ated at the con tact be -
tween the gab bro to the west and siltstone to the
east. The me dium-grained gab bro con sists of
about 50% feld spar and 50% mafic min er als, and
is al tered. Feld spar, pre sum ably plagioclase, is
al tered and the prin ci pal mafic min eral, pyroxene 
or am phi bole, is in de ter mi nate, hav ing been re -
placed by chlorite and sec ond ary am phi bole. In -
ter est ingly, bi o tite that ap pears to be pri mary is a
mi nor con stit u ent. The gab bro body at the Bea ver 
bar ite vein is on strike with an ex po sure on the ac -
cess road of bed rock rub ble of a spot ted mafic
dike. These ex po sures are cor re lated, de fin ing a
dike that trends nearly due north. The mafic unit on the ac -
cess road is more strongly al tered than the larger body near
the Bea ver vein. The spot ted tex ture de rives from clots of
chlorite of in de ter mi nate or i gin, ei ther pheno crysts or
amygdules. Sim i lar al tered mafic dikes oc cur near the
Moose and Bear West veins (see below).

Barite Veins

The Bear West, Bear East, Moose and Bea ver veins are
sim i lar in that they con sist of coarse white bar ite with es -
sen tially no other min er als. There are dif fer ences be tween
the veins in ori en ta tion and wallrock ge ol ogy. The Bear
West vein strikes east-north east, whereas the other three
trend north erly. All four veins dip subvertically. The au thor
se lec tively ex am ined core from two di a mond-drill holes in
the south end of the Moose zone and four holes in the Bear

zone. Lo ca tions of two of the most im por tant drillholes in
each zone are shown on Figure 5.

The Bear West vein is known in the most de tail, ow ing
to re cent mine ex po sures. It strikes 050 to 055º and dips
ver ti cally to steeply north. On the south, the footwall is a
quartz-siltstone brec cia. The first stage in brecciation is or -
ange car bon ate veinlets, each typ i cally less than a centi -
metre wide, that form a closely spaced subhorizontal
sheeted vein net work (Fig 8). These are cross cut by sec ond-
stage anastomosing sil ica veinlets, which grade into the
brec cia that char ac ter izes the footwall of the Bear West
vein. The brec cia, which con sists of quartz-ce mented an gu -
lar black siltstone frag ments (Fig 9), forms a zone 8 m wide
at one lo cal ity. Quartz-siltstone brec cia is cut by coarsely
crys tal line white bar ite veins. Quartz and bar ite gen er ally
oc cur in sep a rate veins, but lo cally they oc cur in banded
veins in which quartz is on the mar gin and bar ite in the core
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Fig ure 6. Siltstone and shale in the north wall of the Bear Pit, show ing bed ding, 
steep frac tures and ir reg u lar bound ary be tween grey and or ange rocks.

Fig ure 7. Bar ite crys tals in siltstone.



of the vein (Fig 8). Within the pit, the Bear West vein ranges 
from 4 to 10 m wide and splits into two branches. The north
(hangingwall) of the Bear West vein is soft phyllite that is
prob lem atic to mine: too soft to blast yet too hard to rip with
a bull dozer. Bear West has been mined over a 400 m length.
Hole 2006-02 (Fig 5) was drilled at a dip of 45º across the
Bear vein and in ter sected two al tered ig ne ous dikes. The
bar ite vein has an ap par ent width in drillcore of 21.7 m
(Fig 10) and the two dikes, 4.9 and 2.8 m in core width, are
16 and 25 m wide in the hangingwall of the vein. In hole
2006-03, the Bear vein is an im pres sive 29.0 m wide (in
core length), with a 3 m in ter nal block of quartz-ce mented
siltstone brec cia near the footwall. The hangingwall com -
prises a 10 m wide fault zone con tain ing a 30 cm mafic dike. 
Nearby drillholes show sim i lar re la tion ships but with out a
mafic dike, implying that mafic dikes fill faults in a
discontinuous fashion.

The Bear East pit is about 75 m long but, due to slough -
ing of pit walls, the bar ite vein is poorly ex posed. The vein
strikes about 015º, al most per pen dic u lar to Bear West.
How ever, like Bear West, it is char ac ter ized by or ange car -
bon ate veinlets and quartz brec cia on the east (footwall)
margin.

Be cause the Moose pit is re claimed, the Moose vein is
known only from his tor i cal de scrip tions and from ex plo ra -
tion core holes drilled in 2005 and 2006. Butrenchuk and
Han cock (1997) de scribed the Moose vein as a steeply dip -
ping sys tem within a north-trending braided fault. The bar -
ite vein strikes 005º. It pinches and swells up to 3.5 m wide,
and was mined over a 400 m length. The au thor ex am ined
the Moose pit in 1997 be fore it was re claimed. A metre-
wide al tered mafic dike was noted in the vein zone. Hesketh 
(1985), a man ager of the Fire side bar ite mine for Dresser
Can ada Inc., de scribed the Moose de posit as fol lows:
“Min er al iza tion ap pears to be di rectly as so ci ated and con -
tact ing with an in tru sive por phy ritic diorite. The in tru sive
is pres ent at depth and ex tends, at places, to within 20 feet
of the sur face on both the hang ing and foot walls.” The
mafic in tru sion was not de scribed by Butrenchuk and Han -
cock (1997). Holes 2005-09 and 2005-10, col lared 30 m
apart, were drilled at an ori en ta tion of 272º/45º to ex plore
for a south erly con tin u a tion of the Moose vein (Fig 5). The
core is stored in the Jedway Con struc tion Ltd. – DJ Drill ing
Ltd. yard in Wat son Lake and only se lected boxes were ex -
am ined. Both drillholes in ter sected siltstone and argillite. A 
por tion of a 3.4 m dike in drillhole 2005-9 is shown in Fig -
ure 11. Al tered feld spar pheno crysts, chloritic ‘spots’
(prob a bly amygdules) and bright green mariposite are vis i -
ble. The dike is cut by veins of do lo mite, quartz and bar ite.
A sec ond dike, 1 m wide, oc curs a few metres deeper in the
hole. Both dike/vein in ter cepts con tain sparse clots of base
metal sulphides: py rite, chal co py rite, sphalerite and galena. 
Similar altered dike and narrow barite stringers occur in
drillhole 2005-10.

The Bea ver vein is well ex posed in an early ex plo ra -
tion trench; no work has been done by Fire side Min er als.
The vein strikes about 010º. It is 4 m wide and oc curs at the
sharp con tact be tween a body of gab bro, in ter preted to be a
dike, and grey shale. De scrip tion of mafic-rich grit by
Butrenchuk and Han cock (1997) is er ro ne ous. The
subvertically dip ping bar ite vein can be traced about 50 m
north in a se ries of over grown, shal low trenches. A swamp
masks exposure to the south.
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Fig ure 8. Nar row, or ange do lo mite veinlets (D) cut by quartz (Q,
bright white) and bar ite (Ba, dull white) in the Bear East pit.

Fig ure 9. Quartz (Q) and bar ite (Ba) veins cut dis rupted net work of
do lo mite veinlets (D).

Fig ure 10. Bar ite vein in ter cept be low the Bear West pit in di a -
mond-drill hole 2006-02; black footwall brec cia is also vis i ble.



ORIGIN OF THE FIRESIDE BARITE
DEPOSIT

Dis sem i nated bar ite in siltstone de scribed near the
Bear East vein is in ter preted to be diagenetic. Its char ac ter -
is tics are in con sis tent with a de tri tal or i gin. The pres ence of
ver ti cal worm bur rows sug gests shal low wa ter dur ing sed i -
men ta tion, pos si bly an intertidal en vi ron ment. Fol low ing
de po si tion but prior to lithification, siltstone beds were
more per me able than the ad join ing shale to in fil tra tion of
ocean wa ter be low the sea bed. The Selwyn Ba sin –
Kechika Trough is re nowned for syngenetic bar ite de pos -
its, par tic u larly in De vo nian rocks but also in older rocks,
in clud ing the Kechika and Road River groups (Ferri et al.,
1999). It is in ferred that Selwyn Ba sin – Kechika Trough
sea wa ter was, at least ep i sod i cally, en riched in bar ium. In -
cur sion of bar ium-en riched sea wa ter, per haps in a sabkha
en vi ron ment, might pro duce the ob served diagenetic bar ite
ho ri zons. The quartz brec cia that char ac ter izes the footwall
of the Bear West and Bear East veins is rem i nis cent of an
epithermal emplacement, and is consistent with a
continental shelf to subaerial environment.

Bar ite veins at Fire side are spa tially as so ci ated with
gab bro dikes. The as so ci a tion may be ac ci den tal, veins and
dikes co in ci den tally oc cu py ing the same struc tural open -
ings, or caus ative (i.e., there may be a ge netic link be tween
ig ne ous ac tiv ity and the hy dro ther mal veins). Sig nif i cantly, 
the gab bro in tru sions and bar ite veins fill north erly-
trending struc tures, not north west erly ones re lated to fold -
ing. A re gional per spec tive may give fur ther insight into the 
age and genesis of the gabbro.

Geo log i cal map ping by Ferri et al (1999) found sev eral 
north erly-elon gated bod ies of gab bro 30 km south west of
Fire side in the Hare-Gem ini Lakes area. Com po si tion and
tex ture closely re sem ble the Fire side gab bro, in clud ing the
pres ence of bi o tite, a rather un com mon min eral to be found
in a mafic in tru sion. One hy poth e sis is that the gab bro dikes 
fill dilational struc tures gen er ated dur ing Eocene move -
ment along the Tintina fault (J. Nel son, pers comm, 2007).
How ever, Eocene lam pro phyre dikes are gen er ally fresh,
whereas the Fire side gab bro is al tered and lo cated 60 km
dis tant from the Tintina – north ern Rocky Moun tain
megalineament. Fur ther more, as noted by Ferri et al.
(1999) and pre vi ously by Gabrielse (1962), these gab bro
in tru sions (dikes and sills) are never found cut ting rocks
youn ger than Kechika age. Three fea tures strongly sug gest
that these ig ne ous bod ies are re lated to in cep tion of rift ing
of the Kechika Trough: 1) their mafic com po si tion; 2) their
north erly ori en ta tion; and 3) their age, which must be im -
me di ately post-Kechika and cor re spond to ini ti a tion of
deep-wa ter sed i men ta tion. The ev i dence is not con clu sive
but, on bal ance, is per sua sive that the Fire side gab bro is Pa -
leo zoic in age. If this in ter pre ta tion is cor rect, and be cause
Fire side is located off the axis of the trough (Fig 1), it must
be located on a failed splay of the rift system.

The de duced age of the gab bro in tru sions links them
with re gional mafic vol ca nism. Souther (1992) pro vided a
com pi la tion of the many lo cal i ties in the Selwyn Ba sin and
Kechika Trough where ba salt oc curs within the Kechika
and Road River groups. In ad di tion to age and strati graphic
po si tion, sim i lar i ties be tween these bas alts and the Fire side
– Gem ini Lake gab bro bod ies in clude the presence of
primary biotite.

CONCLUSIONS AND
RECOMMENDATIONS

The close as so ci a tion of mafic in tru sions and bar ite
veins that was ob served first by Hesketh (1985) has been
cor rob o rated. The bar ite veins at Fire side are in ter preted to
have a two-stage or i gin. The or i gin of early diagenetic bar -
ite is un cer tain, pos si bly re lated to prior, ba sin-scale en rich -
ment in bar ium. The sec ond stage in volved remobilization
of hy dro ther mal flu ids gen er ated by high-level mafic in tru -
sions. A heat source is nec es sary to ini ti ate a seafloor hy -
dro ther mal sys tem. By the model pre sented in this pa per,
the heat source was a high-level mafic magma that re sulted
in in tru sion of gab bro dikes and ex tru sion of ba salt. The re -
sul tant cir cu la tion of heated sea wa ter caused the for ma tion
of mar gin ally youn ger, cross cut ting bar ite veins at Fire side. 
Bar ite was de pos ited in fault zones near the apex of gab bro
dikes. The se quence of min eral de po si tion was do lo mite,
then quartz and finally barite. Episodes of brecciation
punctuated the mineralizing process.

Mafic magmatism is de duced to have orig i nated dur -
ing an ep i sode of rift ing of the Kechika Trough. The in -
ferred early Pa leo zoic age of the gab bro dikes should be es -
tab lished by ra dio met ric dat ing. Whole-rock and mi nor-
el e ment chem i cal anal y ses are prime top ics for fu ture in -
ves ti ga tion, to test for a com mon fin ger print be tween the
gab bro in tru sions and the Kechika – Road River ba salt.
Such data could in di cate a com mon or i gin that is in de pend -
ent of radiometric dating evidence.

The oc cur rence of base metal sulphides in the Moose
vein, though very mi nor, sug gests a link be tween the Fire -
side bar ite veins and base metal – bar ite (SEDEX) de pos its.
The epi ther mal char ac ter of the Fire side veins is con sis tent
with low hy dro static pres sure in a shal low-wa ter shelf en -
vi ron ment that is con sis tent with a failed rift on the con ti -
nen tal mar gin. For ma tion of a hy dro ther mal fluid is at trib -
uted to high-level mafic magmatism. Con sid er ations of the
com po si tion of the ore fluid and mech a nism of bar ite pre -
cip i ta tion, from both a the o ret i cal per spec tive and from in -
ves ti ga tion of fluid inclusions, are additional topics worthy
of further study.
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Fig ure 11. Al tered mafic dike (D) and veined argillite (A) in di a -
mond-drill hole 2005-09.



Ex plo ra tion po ten tial of the Fire side dis trict for ad di -
tional bar ite veins is ex cel lent. The Bear West vein is a sig -
nif i cant source of bar ite, and is as so ci ated with a west-
north west fault and a very nar row mafic dike. This struc -
ture is nearly or thogo nal to the north erly trend of the much
larger mafic in tru sions and other bar ite veins. Fu ture ex plo -
ra tion in this area should use these as so ci a tions as search
pa ram e ters, as they are more re fined com pared with early
exploration models.
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