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Geological Fieldwork 2009

The pro vi sion of ac ces si ble, new geoscience data about Brit ish Co lum bia is aimed pri mar ily at in creas ing min eral ten -
ure ac qui si tion and min eral ex plo ra tion ac tiv ity in the prov ince. The Brit ish Co lum bia Geo log i cal Sur vey (BCGS) pres ents
here the re sults of field sur veys and geoscience re search for 2009 in a thirty-fifth edi tion of Geo log i cal Field work. Most ar ti -
cles are con tri bu tions by sur vey staff to the un der stand ing of the ge ol ogy, geo chem is try and min eral de pos its of the prov -
ince. The vol ume also in cludes con tri bu tions about col lab o ra tive re search with other or ga ni za tions and projects completed
by other professional geoscientists.

British Columbia Geological Survey Successes

· The BCGS, in part ner ship with Geoscience BC, Smithers Ex plo ra tion Group and the North west Com mu nity Col lege,
be gan a surficial ge ol ogy and till sam pling pro gram south east of Hous ton. Pre lim i nary work in di cates that cover by gla -
cial de pos its in this part of the Nechako Pla teau is not as ex ten sive as pre vi ously thought.

· The first sea son of the north coast pro ject, car ried out jointly with the Geo log i cal Sur vey of Can ada (GSC), cov ered an
area of 30 by 50 km. Map ping on Porcher Is land and along the ad ja cent Grenville Chan nel found geo log i cal in di ca tors
com monly as so ci ated with volcanogenic mas sive sul phide de pos its.

· The Iskut River pro ject com menced in the fall with a 10-day field sea son. A part ner ship with the Uni ver sity of Vic to ria,
Pa cific North West Cap i tal Corp and the GSC, the ob jec tive is to in ves ti gate min er al iza tion within the Coast Belt of
north west ern Brit ish Co lum bia.

· Our on line in ter face MapPlace and its sup port ing site now ex ceed 11 000 web pages. Used 24 hours a day, 7 days a
week by the ex plo ra tion com mu nity world wide, this in ter face plays an es sen tial and grow ing role in at tract ing in vest -
ment to the prov ince.

· Nu mer ous min eral re source as sess ments to fa cil i tate gov ern ment land use plan ning were com pleted.

· The Prop erty File da ta base cap tured 2860 new doc u ments and maps for the QUEST area and 1540 for other ar eas, while 
481 MINFILE oc cur rences were up dated and 17 new ones iden ti fied. Con tracts for both pro jects were funded by
Geoscience BC.

· BCGeology Map, BC’s dig i tal ge ol ogy map, is un der go ing its first ma jor up date since re lease in 2005. Through out
2009, a team from the BCGS, Geoscience BC and the GSC worked to up date the Quesnel Trough ge ol ogy for the
QUEST geo phys i cal area.

· Sur vey staff up dated our website and moved serv ers as part of a gov ern ment-wide ini tia tive.

· The BC Min eral De vel op ment Of fice in Van cou ver hosted na tional and in ter na tional del e ga tions of po ten tial in ves tors
and was a key player in or ga niz ing the Asia In vest ment Mis sion.

· Sur vey ge ol o gists were or ga niz ers and pre sent ers at con fer ences and work shops around the prov ince, and led in dus try
field trips in the north east ern coal fields and the Merritt and Prince ton ar eas, as well as a cop per-gold mine tour.

· The BCGS hosted its first Open House of the 21st cen tury in Vic to ria in the fall. The event was a suc cess, with more than
85 par tic i pants, and will be con tin ued in 2010.

D.V. Lefebure
Chief Ge ol o gist
Brit ish Co lum bia Geo log i cal Sur vey
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British Columbia Geological Survey Activities in 2009

by T. Demchuk, J. Fredericks, L. Jones, D.V. Lefebure and S. Rowins

INTRODUCTION

The Brit ish Co lum bia Geo log i cal Sur vey (BCGS) 
is com mit ted to sup port ing a thriv ing, safe and re spon -
si ble min ing in dus try for the ben e fit all Brit ish
Columbians. We ac com plish this by pro vid ing ex pert
ad vice to gov ern ment on min eral re sources, glob ally
com pet i tive geoscience ex per tise, data to at tract min -
eral in dus try in vest ment, and geoscience information
to the public.

The BCGS fo cused on cre at ing new prod ucts
from ex ist ing data, com plet ing five sig nif i cant field
pro jects (four with part ners), de liv er ing key pro grams
like MapPlace and the BC Min eral De vel op ment Of -
fice, and work ing to sup port a wide va ri ety of cli ents.
Many of our pro grams in volve co-op er a tive part ner -
ships with uni ver si ties, other gov ern ment agen cies,
First Na tions, local communities and industry.

The BCGS con tin ued its long col lab o ra tion with
the Geo log i cal Sur vey of Can ada (GSC) with the start
of a new ma jor pro gram in the north, called ‘Edges’. It
was the last year of the GSC’s Tar geted Geoscience
Ini tia tive in south ern and cen tral BC. Geoscience BC,
a key part ner of the BCGS, had an other very ac tive year
con trib ut ing new geo phys i cal, geo chem i cal and other
geoscience data. Pro jects with Geoscience BC in 2009 in -
cluded a surficial map ping and till sam pling pro gram
south west of Hous ton, MINFILE and Prop erty File up dates 
in the QUEST area (Quesnel Trough), and up loading
Geoscience BC data on MapPlace. The BCGS worked with
the Re source De vel op ment and Geoscience Branch, its sis -
ter branch in the Min is try of En ergy, Mines and Pe tro leum
Re sources (MEMPR), on sev eral pro jects. The BCGS also
con tin ued its ac tive sup port of the Na tional Geo log i cal Sur -
veys Committee and the Committee of Provincial
Geologists.

The BCGS and its staff were rec og nized by both in dus -
try and gov ern ment for the suc cess ful de liv ery of pro grams
and re sults. The Fra ser In sti tute, in its an nual ‘Sur vey of
Min ing Com pa nies 2008/2009’, ranked Brit ish Co lum bia
sev enth glob ally with re gards to the qual ity of our geo log i -
cal da ta base. Geoscience re sults from west of Wil liams
Lake and north ern Van cou ver Is land, re leased at Min eral
Ex plo ra tion Roundup in Jan u ary 2009, led to 2800 and
1500 hect ares of stak ing of BCGS min er al iza tion dis cov er -
ies, re spec tively. The Geoscience As sis tant Pro gram was a
fi nal ist for a Pre mier’s Award in the partnerships category
and received an honourable mention.

BCGS FIELD ACTIVITIES

The Brit ish Co lum bia Geo log i cal Sur vey makes it a
pri or ity to gen er ate new geoscience data and prod ucts, in -
clud ing bed rock and surficial ge ol ogy maps and de posit
stud ies. The sur vey col lab o rated with a num ber of part ners,
in clud ing the GSC, Geoscience BC and sev eral com pa nies,
to de liver most of the field sur veys. The lo ca tion of the
2009 field pro jects are shown in Fig ure 1. Our ob jec tive is
to help di ver sify lo cal econ o mies by at tract ing min eral ex -
plo ra tion ac tiv ity that may lead to new mines. In all parts of
the prov ince, both min eral ex plo ra tion and min ing are es -
sen tial driv ers of lo cal em ploy ment and tax rev e nue, and
directly support the development of regional infrastructure.

Field map ping and min eral de posit stud ies (Fig ure 1)
were con tin ued in the Merritt area, the Peace River coal -
fields and the Prince ton area (Massey et al., Massey and Ol -
i ver, Ol i ver et al., this vol ume), and on in dus trial min er als
in east-cen tral BC (Simandl, this vol ume). The Edges pro -
ject in north ern BC started in 2009 with the pri mary field -
work in the north coast (Nel son et al., this vol ume) and
Iskut River ar eas (Mihalynuk et al., this vol ume). The other
new field pro ject was the Tahtsa Lake area Qua ter nary ge -
ol ogy and till geo chem is try sur vey in the re gion south west
of Hous ton and north east of the Huckleberry mine (Ferbey,
this volume).

In ad di tion to these 2009 pro jects, sev eral other pro -
jects were brought to com ple tion. These in clude age de ter -
mi na tions of min er al iza tion and ‘Mine Dykes’ at the Cop -
per Moun tain alkalic por phyry Cu-Au-Ag de posit
(Mihalynuk et al., this vol ume), and a dis cus sion of the geo -
chem is try of Permo-Tri as sic vol ca nic and plutonic rocks of 
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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
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Fig ure 1: Brit ish Co lum bia Geo log i cal Sur vey field pro ject ar eas, 2009.
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the Sitlika as sem blage near Takla Lake (Schiarizza and
Massey, this vol ume). Sev eral fol low-up stud ies were also
com pleted on BC min eral prop er ties and re gions. These in -
clude in ves ti ga tions of the Nb–Th–Sr–rare earth el e ment
min er al ogy and sul phur iso tope geo chem is try of the Ea glet
prop erty (Hora et al., this vol ume); a geo log i cal char ac ter -
iza tion of car bon ate-hosted Pb-Zn min er al iza tion at the
Cariboo Zinc prop erty in the Quesnel Lake area (Paradis et
al., this vol ume); and an eval u a tion of re duced in tru sion-re -
lated gold min er al iza tion west of Cranbrook (Soloviev, this 
vol ume). A tech ni cal pa per on the ef fects of an a lyt i cal
method on regional geochemical surveys (Lett and
Jackaman, this volume) rounds out the contributions.

Ongoing Projects

Geo log i cal high lights from Massey and Ol i ver (2009)
in cluded map ping north wards from Whip saw Creek into
the Gran ite Creek and Tulameen River ar eas, con cen trat ing 
on the Nicola Group rocks. Field ob ser va tions con firmed
that the Eastgate-Whip saw meta mor phic belt is lithologic -
ally dis tinct from the Nicola Group to the east. The pres -
ence of volcanogenic mas sive sul phide (VMS) min eral
pros pects (e.g., Redstar) re in forces the ne ces sity of un der -
stand ing the geo log i cal dif fer ences be tween the Eastgate-
Whip saw meta mor phic belt and the Nicola Group rocks for
ef fec tive ex plo ra tion. Shel ley Ol i ver, a grad u ate stu dent
com plet ing an MSc the sis at The Uni ver sity of Brit ish Co -
lum bia, fur ther re de fined the ge ol ogy of the Eastgate-
Whip saw meta mor phic belt through a petrographic and
structural study (Figure 2).

Major New Projects

EDGES: MODELLING THE EVOLUTION OF
THE NORTHERN CORDILLERA RESOURCE
ENVIRONMENT FROM THE EDGES OF
EXOTIC TERRANES

Edges is a highly fo cused multiyear geo log i cal map -
ping ini tia tive in volv ing for mal col lab o ra tion be tween the
Gov ern ment of Can ada, the Prov ince of Brit ish Co lum bia,
the Yu kon Ter ri tory, Geoscience BC, the United States
Geo log i cal Sur vey and the Alaska De part ment of Geo log i -
cal and Geo phys i cal Sur veys. A key pro ject in the fed eral
Geoscience for En ergy and Min er als (GEM) pro gram, it
be gan field op er a tions in 2009 in BC and will last un til
2013. Sup port is being contributed by all participating
agencies.

The ul ti mate goal of the ini tia tive is to im prove the ef -
fec tive ness of re source ex plo ra tion and dis cov ery in the
north ern cor dil lera by out lin ing re source-rich en vi ron -
ments in Brit ish Co lum bia, the Yu kon and Alaska. The geo -
log i cal tar gets are the ex otic outer ter ranes with their en -
closed pre-accretionary syngenetic and epigenetic
de pos its, and the metal-rich Tri as sic through Paleogene
mag matic arcs and as so ci ated ac cre tion zones that re sulted
from in ter ac tion of the ter ranes with the west ern mar gin of
an cient North Amer ica. The tar get ar eas in clude parts of
north ern and cen tral BC where the geo log i cal map base is
ei ther sev eral de cades out of date or at a scale in suf fi cient to 
evaluate mineral potential using modern tectonic in ter pre -
ta tions.

NORTH COAST PARTNERSHIP PROJECT
(EDGES)

Jo Anne Nel son com pleted a suc cess ful ini tial field
sea son map ping on Porcher Is land and the ad ja cent Gren -
ville Chan nel south of Prince Rupert (Fig ure 3). Her ac tiv i -
ties were car ried out with help from Brian Mahoney (and
his grad u ate stu dents) from the Uni ver sity of Wis con sin,
George Gehrels of the Uni ver sity of Ar i zona, Cees van
Stahl from the GSC and Rich ard Bryant from the Lax
Kw’alaams First Na tion. The north coast pro ject team

· com pleted geo log i cal map ping of an area mea sur ing
30 by 50 km;

· traced rock units of the Al ex an der terrane of south east -
ern Alaska into north west ern BC, in clud ing those that
are known to host VMS min er al iza tion; and

· de ter mined that geo log i cal in di ca tors of VMS-style
sys tems oc cur in two trends, one on north east ern
Porcher Is land and, off set across the Salt La goon fault,
on north east ern Pitt Is land, and the other on the main -
land coast east of the Grenville Chan nel fault and
Telegraph Passage.

ISKUT RIVER PARTNERSHIP PROJECT

Mitch Mihalynuk, along with Uni ver sity of Vic to ria
grad u ate stu dent Toby Stiers and Murray Jones of Eq uity
Ex plo ra tion Con sul tants Ltd, spent ten days last fall study -
ing pre cious-metal–rich, polymetallic mas sive sul phide
min er al iza tion at the Rock and Roll de posit, within the
Coast Belt of north west ern BC. The short-term goal of the
pro ject is to de ter mine the strati graphic and struc tural set -
ting of the Rock and Roll de posit. The lon ger term goal is to
eval u ate the po ten tial for sim i lar min er al iza tion within the
Iskut and ad ja cent re gions. This work was the ini tial phase
of a BCGS part ner ship with the Uni ver sity of Vic to ria and
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Fig ure 2: Shel ley Ol i ver and Nick Massey dur ing
field work in the Whip saw Creek area, south ern Brit -
ish Columbia.



Pa cific North West Cap i tal Corp (and field
representatives, Equity Exploration Con sul -
tants Ltd).

TAHTSA LAKE PARTNERSHIP
PROJECT

Travis Ferbey, in part ner ship with Geo -
science BC, the North west Com mu nity Col -
lege and the Smithers Ex plo ra tion Group, com -
pleted a till geo chem is try sur vey north east of
the Huck le berry mine and south west of the
past-pro duc ing Eq uity Sil ver mine, in NTS
093E/15 (west-cen tral BC). This is an area that
h a s  h i g h  p o  t e n  t i a l  t o  h o s t  p o r  p h y r y
Cu±Mo±Au and polymetallic vein oc cur -
rences, and pos si bly VMS-type de pos its. Qua -
ter nary till cover pres ents a chal lenge to tra di -
tional pros pect ing and makes the area ide ally
suited for a min eral po ten tial as sess ment us ing
till geo chem is try. In to tal, 100 till sam ples were 
col lected for anal y sis (Fig ure 4). Sam ples were
col lected re gion ally and near known me tal lic
min eral oc cur rences to char ac ter ize de tri tal
dis persal and to document precious metal, base
metal and pathfinder element values.

Ob ser va tions made at 164 field sta tions sug gest that
Qua ter nary sed i ments within the study area are less areally
ex ten sive and thin ner than an tic i pated, and there fore may
not be as sig nif i cant a hin drance to min eral ex plo ra tion as
previously thought.

BCGEOLOGY MAP QUEST AREA UPDATE

The BCGS, Geoscience BC and the GSC are col lab o -
rat ing to up date the prov ince’s dig i tal ge ol ogy map at
1:100 000 scale for the Quesnel Trough area in cen tral BC.
The up date area cor re sponds to Geoscience BC’s QUEST
Pro ject geo phys i cal sur vey foot print, which ex tends from
Wil liams Lake to Mac ken zie. Jim Lo gan is lead ing the pro -
ject with help from Colin Barnett (Geoscience BC) and
Bert Struik (GSC).

A work shop was held on March 11–13,
2009 to bring Travis Ferbey, Ray Lett, Jim Lo -
gan, Mitch Mihalynuk, Jo Anne Nel son and Paul
Schiarizza from the BCGS to gether with Fil
Ferri (Re source De vel op ment and Geoscience
Branch of MEMPR), Bert Struik and geo phys i -
cists from the GSC, and Colin Barnett, Pe ter Ko -
walczyk and other con trac tors from Geoscience
BC .

The work shop was the first step in in te grat -
ing all bed rock map ping and geo phys i cal and
geo chem i cal data for the re gion. Sub se quent
work by ge ol ogy team mem bers was re quired to
de ter mine the fi nal map pat tern. A key ob jec tive
is to in ter pret and up date bed rock ge ol ogy in ar -
eas with sig nif i cant gla cial over bur den, par tic u -
larly in the Prince George re gion. Ini tial re sults
were re leased in poster for mat at the Kamloops
Ex plo ra tion Group (KEG) an nual con fer ence in
April 2009. The fi nal map will be in te grated into
MapPlace by Pat Desjardins and Yao Cui, and
released as a Geoscience Map early in 2010.

MAPPLACE AND DATABASE
ACTIVITIES

MapPlace

MapPlace, our internet por tal and one of the most ef -
fec tive geoscience on line map sys tems glob ally, con tin ues
to im prove with the ad di tion of new data lay ers and im -
proved in ter face tools. MapPlace has pro vided cli ents with
ef fi cien cies in re search time, data costs and anal y sis. Data
themes and ap pli ca tions avail able on MapPlace in clude
min eral po ten tial, bed rock and surficial ge ol ogy, pub li ca -
tions, min eral and pe tro leum ten ure, MINFILE, as sess ment 
re ports, and geo chem i cal and geo phys i cal sur veys. Yao Cui 
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Fig ure 3: Jo Anne Nel son, map ping on Porcher Is land, west ern Brit ish Co lum bia.

Fig ure 4: Russ Gawa, a grad u ate from the Rec la ma tion and Pros pect ing Pro -
gram at the North west Com mu nity Col lege, col lect ing a till sam ple, west-cen tral
Brit ish Columbia.



and Pat Desjardins con trib uted geomatics ex per tise to
MapPlace data and application enhancements and
integration of servers.

New data and up dates on MapPlace in 2009 in clude
· re gional geo chem is try catch ment bas ins and re gional

geo chem is try sur vey (RGS) lo ca tions snapped to
1:20 000 scale rivers;

· min eral ten ure ar chives for Jan u ary 2007 and Jan u ary
2008;

· phys io graphic sub di vi sions and vol ca nic cen tres;
· wild life hab i tat ar eas, un gu late win ter range, fish-sen -

si tive wa ter sheds and guide out fit ters;
· MapPlace2Go up dates with cur rent mines and ex plo -

ra tion prop er ties;
· reanalysis of 3479 ar chived stream and lake sed i ment

sam ples that cover parts of NTS ar eas 093E, F, L and M 
(Geoscience BC Re port 2009-5); and

· infill stream sed i ment and wa ter geo chem i cal data for
1007 sam ples from NTS ar eas 093F and K (Geo -
science BC Re port 2009-11).

Property File and Databases

Prop erty File, a col lec tion of an es ti mated 100 000
unique in dus try doc u ments and maps, con tin ued to grow
dur ing 2009. Re cent Prop erty File do na tions were made by
Ken Dawson and the fam i lies of Cam Stephens and Den nis
Groc. As of De cem ber 2009, 9598 Prop erty File doc u ments 
were avail able on line, in clud ing 396 doc u ments from the
Falconbridge Col lec tion, 1649 doc u ments from the Cy -
prus-An vil Col lec tion, 304 doc u ments from Chev ron Col -
lec tion, 476 doc u ments from the Placer Dome Col lec tion,
1328 doc u ments from the Rimfire Col lec tion, 2969 Mine
Plans and 2070 doc u ments from the Li brary Col lec tion.
These are re trieved through the Prop erty File search ap pli -
ca tion or through links from MINFILE. This vol ume in -
cludes an up date on the Prop erty File pro ject (Han cock and
Barlow, this vol ume) and a case study on using the database 
in conjunction with MapPlace.

Geoscience BC fund ing for two QUEST pro jects con -
trib uted to up dates to Prop erty File and MINFILE. The
QUEST Prop erty File pro ject added 2619 new Prop erty
File items and new in for ma tion to 481 MINFILE oc cur -
rences, and cre ated 17 new oc cur rences. The QUEST
MINFILE up date in cluded up dates to 497 oc cur rences, in -
clud ing 135 new ones. Sa rah Meredith-Jones is the MIN -
FILE contact.

Us ers can now ac cess more than 30 000 com pany min -
eral as sess ment re ports us ing the As sess ment Re port In -
dex ing Sys tem (ARIS) da ta base over the web. Allan
Wilcox works with cli ents to ap prove re ports. An ini tia tive
is un der way to en cour age the min ing in dus try to sub mit as -
sess ment re ports in dig i tal form to the Min eral Ti tles
Branch. Ben e fits in clude higher qual ity, more ef fi cient dig -
i tal re ports; quicker ap proval; and lower costs for print ing,
mailing, storage, scanning and processing.

Other da ta base ac tiv ity in cluded stan dard iz ing data ta -
bles for ef fi cient track ing of ex plo ra tion ac tiv ity in the
prov ince, mov ing all da ta base ap pli ca tions to new serv ers,
add ing 18 new Min eral De posit Pro files, up dates to the
pub li ca tion cat a logue, and an en hanced scale-based den -
sity dis play of RGS and MINFILE in KML for mat, with
links to detailed reports.

Yao Cui de vel oped a high-per for mance al go rithm for
de lin eat ing catch ment bas ins and pre sented dy namic spa -
tial data on Google™ Earth us ing free and open-source
tools. Laura de Groot con trib uted to the con ver sion of more 
than 11 000 web pages to the new gov ern ment stan dard and
keeps staff on track with da ta base management plans.

Mineral Resource Evaluations

The Level 2 Min eral Re source As sess ment of the
Atlin-Taku Land Plan ning Area, con ducted in 2008, re -
sulted in the pub li ca tion of GeoFile 2009-5 (Atlin-Taku
Min eral Re source As sess ment), which in cluded meth od ol -
ogy; data ta bles; a Man i fold® map; me tal lic and in dus trial
min eral po ten tial maps in PDF; a ge ol ogy map in PDF; a ge -
ol ogy map with tracks and ge ol ogy leg end; work shop pho -
tos; shape files; MINFILE, ARIS and RGS ta bles and re -
ports; and an interactive map on MapPlace.

Dur ing the past year, Kirk Han cock, Sa rah Meredith-
Jones and Allan Wilcox pro vided 15 as sess ments of the
min eral re source po ten tial of dif fer ent ar eas of BC for the
Min is try of Ab orig i nal Re la tions and Rec on cil i a tion, to as -
sist with treaty negotiations.

BCGeology Map: BC’s Digital Bedrock
Geology Map

The prov ince’s bed rock ge ol ogy map for in dus try and
gov ern ment cli ents is a crit i cal source of in for ma tion for
de cid ing on ar eas for ex plo ra tion and as sess ing min eral po -
ten tial. Up dat ing is an im por tant, on go ing task to weave the 
new data into the dig i tal pro vin cial prod uct, BCGeology
Map. The data-spec i fi ca tion model and main te nance strat -
egy are be ing developed and implemented by Yao Cui.

The Ge ol ogy Map of BC (Geoscience Map 2009-1) is
avail able on one sheet at 1:1 500 000 or 1:2 000 000 scale
and as a Man i fold® map file. The car to graphi cally cor rect
map has a sim pli fied legend.

BC MINERAL DEVELOPMENT OFFICE

The role of the BC Min eral De vel op ment Of fice
(MDO) in Van cou ver is to pro mote in vest ment in the prov -
ince’s min eral ex plo ra tion and min ing, both do mes ti cally
and in ter na tion ally. This in cludes de liv er ing a mul ti fac eted
tech ni cal cam paign to high light the prov ince’s su pe rior
coal and min eral po ten tial, re nowned geoscience da ta base
and ex per tise, and at trac tive busi ness cli mate. The MDO
in ter acts with de ci sion-mak ers in in dus try, in clud ing ex ec -
u tive man age ment, ge ol o gists and pros pec tors, and forms
part of the wider mar ket ing ef forts of the Min is try of En -
ergy, Mines and Pe tro leum Re sources (MEMPR). The
MDO also hosts in com ing na tional and in ter na tional com -
pa nies and gov ern ment rep re sen ta tives, and pro vides lead -
er ship for gov ern ment trade mis sions. Some ex am ples of
MDO ac tiv i ties in the past year in clude

· act ing as a key player to pro file in for ma tion on BC’s
min eral re sources, in vest ment pro ce dures and spe cific
min eral com mod i ties to Asian in ves tors, in clud ing the
Asia In vest ment Mis sion to China, Ja pan and Ko rea in
Oc to ber and the first pro vin cial Vir tual Trade Mis sion
in June, pre sented via video-conferencing fa cil i ties to
BC’s trade of fices in Beijing, Shanghai and Guang -
zhou;
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· pre par ing ar ti cles on BC’s min eral re -
sources and ex plo ra tion and min ing ac tiv -
ity for nu mer ous min is try and in dus try
pub li ca tions to pro mote the prov ince;

· pro fil ing BC min eral in dus try in vest ment
op por tu ni ties at nu mer ous con fer ences,
in  c lud ing the Min eral Ex plo ra t ion
Roundup, the Pros pec tors and De vel op ers
As so ci a tion of Can ada (PDAC) Con ven -
tion and the KEG an nual meet ing;

· re spond ing on a daily ba sis to re quests for
as sis tance from pros pec tors, ge ol o gists,
com pa nies and the pub lic;

· work ing on var i ous land-use is sues, in -
clud ing those as so ci ated with re fer rals
from Min eral Ti tles; and

· help ing co-or di nate a field tour and a fo rum on ex plo -
ra tion and min ing up dates.

Marketing Coal and Minerals to the Asia-
Pacific Region

The MEMPR con tin ued an ac tive Asia-Pa cific mar ket -
ing strat egy to at tract di rect in vest ment from Asia in BC ex -
plo ra tion and min ing pro jects (Fig ure 5). Asian coun tries
are lead ing con sum ers of the prov ince’s coal and metal
ores, and have a re cord of in vest ment in BC’s min eral in -
dus try. Key sell ing points are BC’s rich ge ol ogy, ex pert
geoscience in for ma tion, in ter ac tive on line da ta bases, con -
tin u ing de mand for com mod i ties such as cop per and coal, a
Pa cific Rim gate way, mod ern in fra struc ture and a skilled
workforce. The BCGS pro vides the MEMPR with most of
the tech ni cal ex per tise and pro fes sional del e gates for in ter -
na tional pre sen ta tions and meet ings with Asian com pa nies. 
It is the point of con tact for in com ing in ter na tional
investors through the BC Mineral Development Office in
Vancouver.

Regional Geologists

Re gional Ge ol o gists play a vi tal role in pro vid ing de -
tailed geo log i cal knowl edge of the re gion in which they
live and work, and gath er ing in for ma tion on in dus try ex -
plo ra tion and mining activity.

The MDO works closely with the re gional ge ol o gists
in at tract ing min eral in vest ment to BC and in pre par ing
pub li ca tions such as Ex plo ra tion and Min ing in Brit ish Co -
lum bia and the Brit ish Co lum bia Mines and Brit ish Co lum -
bia Mines and Min eral Ex plo ra tion Over view.

TECHNICAL MARKETING

BCGS Open House

The BCGS hosted its first open house of the 21st cen -
tury on No vem ber 13, 2009. This suc cess ful event, hosted

in Vic to ria, drew a crowd of more than 85 par tic i pants (Fig -
ure 6). Ten MEMPR ge ol o gists and two pro fes sors from the 
School of Earth and Ocean Sci ences at the Uni ver sity of
Vic to ria pre sented tech ni cal talks on sub jects that in cluded
epi ther mal gold and sil ver veins in the Toodoggone area;
ge ol ogy and min eral de pos its of the Spences Bridge Group; 
geo chem is try; geo log i cal da ta base in no va tion; Cache
Creek oroclinal en trap ment; ge ol ogy of north ern Van cou -
ver Is land; the Wingdam Con glom er ate; and the NEP -
TUNE Canada Ocean Observatory.

The open house was made pos si ble thanks to spon sor -
ship from the Pa cific Sec tion of the Geo log i cal As so ci a tion
of Can ada. Plan ning for next year’s Open House (No vem -
ber 10, 2010) is underway.

Conferences, Workshops and Field Trips

Staff par tic i pated in nu mer ous con fer ences and work -
shops dur ing 2009, as or ga niz ers, speak ers and at ten dees.
High lights from con fer ences in cluded

· pre sen ta tions by Gra ham Nixon and Paul Schiarizza,
and par tic i pa tion by many staff at the Min eral Ex plo ra -
tion Roundup 2009 (Fig ure 7);

· par tic i pa tion in the PDAC Con ven tion, at the MEMPR
booth, on the trade show floor and help ing host an
Asian in ves tor lun cheon;

· pre sen ta tions by Nick Massey, Bruce North cote, Yao
Cui and Larry Jones at the KEG an nual meet ing in
Kamloops;
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Fig ure 5: Busi ness meet ings be tween Ca na dian and Chi nese com pa nies in
Beijing, or ga nized by MEMPR as part of the 2009 Asia In vest ment Mis sion.

Fig ure 6: Brit ish Co lum bia Geo log i cal Sur vey open house crowd
in dis cus sions dur ing a break.



· a pre sen ta tion at the Smithers Ex plo ra tion Group Rock 
Talk, de liv ered jointly by Ray Lett and Jo Anne Nel -
son;

· Geo log i cal So ci ety of Amer ica pre sen ta tions and co-
or di na tion of one ses sion in Kelowna by Nick Massey,
Mitch Mihalynuk, Jo Anne Nel son, Paul Schiarizza
and George Simandl;

· a Geo log i cal As so ci a tion of Can ada–Min er al og i cal
As so ci a tion of Can ada pre sen ta tion by Steve Rowins;

· an over view of ex plo ra tion ac tiv i ties pre sented at Min -
er als North by Jay Fredericks; and

· pre sen ta tions by Larry Diakow and Kirk Han cock at
Min er als South.

Staff also shared their ex per tise by lead ing four field
trips in 2009. Mitch Mihalynuk led a trip in north west ern
BC at the re quest of Edges pro ject lead ers from the GSC
and Yu kon Geoscience Of fice. Steve Rowins and Gra ham
Nixon led a two-day trip for 25 in dus try par tic i pants to the
Merritt and Prince ton ar eas to ex am ine a va ri ety of min eral
de pos its. An drew Legun and re tired MEMPR coal ge ol o -
gist Barry Ryan led a field trip and work shop in the north -
east ern BC coal field (Fig ure 8). The trip was spon sored by
Peace River Coal Inc and West ern Coal Corp. Dave
Lefebure, Bruce Madu and Bruce North cote led a field trip
through BC for 11 Jap a nese se nior ex ec u tives. The trip was
funded by the Jap a nese Oil, Gas and Min eral Na tional De -
vel op ment Cor po ra tion (JOGMEC) and is a good ex am ple
of BCGS tech ni cal mar ket ing work be ing facilitated by Jay
Fredericks and the British Columbia MDO.

Publications

Dur ing the past year, the BCGS pub lished Geo log i cal
Field work 2008, 12 Open File maps and re ports, 2
Geoscience Maps, 18 new in dus trial min eral de posit pro -
files, 10 GeoFile maps, re ports and data files, and 2 In for -
ma tion Cir cu lars. Staff pub lished sev eral ar ti cles in ex ter -
nal jour nals. The BCGS also pro cessed more than 600
com pany as sess ment re ports for ten ure main te nance and
up dated more than 1900 mineral occurrences.

With the Re gional Ge ol o gists as prin ci pal au thors, the
BCGS pub lished Ex plo ra tion and Min ing in Brit ish Co -
lum bia 2008 and Brit ish Co lum bia Mines and Min eral Ex -
plo ra tion Over view 2008, and co-ordinated ar ti cles on pro -
vin cial in dus try ac tiv i ties in the Ca na dian In sti tute of
Min ing, Met al lurgy and Pe tro leum Min eral Ex plo ra tion
Re view and The North ern Miner.

All geoscience pub li ca tions are avail able on line at the
BCGS website:

http://www.empr.gov.bc.ca/Mining/Geoscience

STAFF UPDATE

Sa rah Meredith-Jones started as the new per ma nent
Min eral In ven tory Ge ol o gist in Feb ru ary. Sa rah fills the po -
si tion left open by Kirk Han cock as he moved to the
MapPlace Ge ol o gist po si tion left by Larry Jones, who be -
came Di rec tor of the Re source In for ma tion Section of the
BCGS.

The po si tion of Di rec tor, Geoscience Ini tia tives, va -
cated by Brian Grant in early 2008 and filled in the in terim
on a part-time ba sis by Phillipe Erdmer, was filled by Ste -

phen (Steve) Rowins, who joined the branch in May of
2009. Arlene Veenhof, the new Ad min is tra tive As sis tant
for the BCGS, started in June of 2009.

NEED MORE INFORMATION? WANT TO
COMMENT?

The BCGS staff have con sid er able ex per tise and wel -
come the chance to share it. Our con tact list is on line at:

http://www.empr.gov.bc.ca/Mining/Geoscience/Staff/
Pages/default.aspx.

We al ways ap pre ci ate your in put re gard ing our many
p r o  g r a m s  a n d  a c  t i v  i  t i e s .  P l e a s e  e - m a i l  u s  a t
Geological.Survey@gov.bc.ca or call (250) 952-0429.

To learn about new pub li ca tions, data re leases and up -
com ing events, join the BCGS re lease no ti fi ca tion list by e-
mail ing Geological.Survey@gov.bc.ca. Ap prox i mately
15–20 e-mail up dates are sent per year.
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Fig ure 7: Gra ham Nixon pre sent ing at Roundup 2009 in Van cou -
ver.

Fig ure 8: An drew Legun ex plain ing
re gional ge ol ogy near Bullmoose
Mine, on a field trip in the north east BC
coal field.
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Stratigraphic and Structural Setting of the Rock and Roll Deposit,
Northwestern British Columbia (NTS 104B/11)

by M.G. Mihalynuk, T.J. Stier1, M.I. Jones2 and S.T. Johnston1

KEYWORDS: vol ca nic-hosted mas sive sul phide, sul phide,
re place ment sul phide, Rock and Roll, Stikine as sem blage,
Stuhini Group, Iskut River, Craig River, Bronson, Mon -
soon Lake, Hoo doo Moun tain

INTRODUCTION

Pre cious-metal–rich polymetallic mas sive sul phide
de pos its are at trac tive ex plo ra tion tar gets be cause of the
high value of the ore and eco nomic re sil ience from in di vid -
ual com mod ity price vol a til ity. Pre cious-metal–rich poly -
metallic mas sive sul phide (PMPMS) min er al iza tion at the
Rock and Roll de posit (BC Geo log i cal Sur vey, 2009;
MINFILE 104B  377), lo cated within the Coast Belt of
north west ern Brit ish Co lum bia, is stratiform and is in ter -
preted as volcanogenic. How ever, the PMPMS min er al iza -
tion is spa tially as so ci ated with a diorite sill and dike com -
plex, which is lo cally char ac ter ized by wispy veinlets and
dis sem i na tions of the same sul phide min eral as sem blage.
Re solv ing the pri mary con trol on min er al iza tion is im per a -
tive for suc cess ful tar get ing of ex plo ra tion ef forts, both on
the prop erty and re gion ally. To this end, geo log i cal map -
ping and sam pling was con ducted around the Rock and
Roll de posit in mid-Oc to ber 2009. This one-week re con -
nais sance pro gram in the Iskut River area of north west ern
BC (Fig ure 1) is the ini tial phase of a part ner ship be tween
the Uni ver sity of Vic to ria; the BC Min is try of En ergy,
Mines and Pe tro leum Re sources; and Pa cific North West
Cap i tal Corp (and field rep re sen ta tives, Eq uity Ex plo ra tion 
Con sul tants Ltd). Our aim is to es tab lish the mode of oc cur -
rence and to de ter mine the strati graphic and struc tural set -
ting of the Rock and Roll de posit. Our longer term goal is to
evaluate the potential for similar PMPMS mineralization
within the Iskut and adjacent regions (Figure 1).

LOCATION AND ACCESS

Ac cess to the re gion around the Rock and Roll de posit
is via the Bronson air strip, lo cated 300 km north-north west
of Ter race, 330 km north west of Smithers and 75 km east-
north east of Wrangell, Alaska. Both Ter race and Smithers

are ser viced by sched uled com mer cial flights from Van cou -
ver and both are ap prox i mately 400 km by road (~5 hour
drive) from Bob Quinn air strip. A 60 km flight south west
from Bob Quinn brings you to the Bronson air strip, lo cated
on the south bank of the west-flow ing Iskut River, at its
con flu ence with Bronson Creek. The main show ing on the
Rock and Roll prop erty, the Black Dog oc cur rence, is
10 km west of Bronson camp. He li cop ter land ing spots are
lim ited to riv er banks, a few swampy open ings and newly
cut pads; old he li cop ter pads are overgrown and un ser vice -
able.

The Iskut River val ley is a U-shaped gla cial val ley; it
has a rel a tively flat bot tom and steep sides. Al pine gla ciers,
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1Uni ver sity of Vic to ria, Vic to ria, BC
2 Equity Exploration Consultants Ltd, Vancouver, BC (for

Pacific North West Capital Corp)

This publication is also available, free of charge, as colour
digital files in Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

Fig ure 1. Lo ca tion of the study area within the Iskut NTS area
(104B) near the bound ary of the Coast Belt and west ern Stikine
terrane.
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relicts of the once ex ten sive Cordilleran Ice Sheet, ex tend
down to treeline at ap prox i mately 1000 m el e va tion. Our
work fo cused near the Rock and Roll prop erty, be neath the
dense hem lock-fir-spruce can opy be tween 60 m and 300 m
el e va tion, east of the con flu ence of the Craig and Iskut
rivers. Out crop is plen ti ful, but is cov ered in moss and an
understorey of devil’s club. Work in this rainy coastal re -
gion ben e fit ted greatly from lo gis ti cal sup port pro vided by
a well-provisioned base camp at Bronson air strip and daily
he li cop ter set-outs for drill ing crews over seen by Equity
Exploration Consultants Ltd.

REGIONAL GEOLOGY AND PREVIOUS
WORK

Rocks be tween the west-flow ing Iskut and Craig rivers 
have not been mapped as part of a sys tem atic re gional pro -
gram since field work done in the late 1920s by Kerr (1935,
1948; Fig ure 2). Thus, the most re cent com pi la tion map
(e.g., Massey et al., 2005; Fig ure 2) re pro duces the geo log i -
cal con tacts pre sented by Kerr, with slight mod i fi ca tion of
unit as sign ments. Ac cord ingly, the area is un der lain by a
northwestward-ta per ing wedge of Stuhini Group arc vol ca -
nic and sed i men tary rocks. On the north east side of the

wedge, Stuhini Group rocks are shown in con tact with a
unit of Perm ian lime stone, mi nor chert, argillite and meta -
mor phosed equiv a lents. Min er al iza tion at the Rock and
Roll prop erty is ap par ently lo cated within Stuhini Group
rocks along this con tact. On the west side of the wedge,
Stuhini Group rocks are shown in con tact with a unit of
‘pre-Perm ian’ quartz ite, argillite, lime stone, tuff, in tru sive
and meta mor phosed equiv a lents. Both Perm ian and pre-
Perm ian units have been as signed to the De vo nian to Perm -
ian Stikine as sem blage by Massey et al. (2005). Along the
Craig River, the wedge is in truded by an ar cu ate diorite
body of the John Peaks stock or Unuk metadiorite (Massey
et al., 2005).

The area is pe riph eral to later re gional map ping by
Grove (1986), Lefebure and Gun ning (1989; NTS 104B/
10W, 11E; Fig ure 2), Alldrick et al. (1990; NTS 104B/06E,
07W, 10W, 11E), Kirkham et al. (1991; NTS 104B/08) and
Kirkham (1992; NTS 104B/08, 09). Fillipone and Ross
(1989) mapped im me di ately north of the Iskut River in the
Twin and Hoo doo gla ciers ar eas (NTS 104B/14S; Fig -
ure 2). Lo gan and Koyanagi (1994) mapped the Ga lore
Creek area ~30 km to the north (NTS 104G/03, 04) and Lo -
gan et al. (2000) mapped the For rest Kerr–Mess Creek area
~15 km to the east (NTS 104B/10, 15, 104G/02, 07W; Fig -
ure 2). Ed wards et al. (2000) pro duced a map of the Qua ter -
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Fig ure 2. Lo ca tion of the Rock and Roll prop erty, NTS ar eas and sources of geo log i cal map data. The re gional ge ol ogy shown is af ter Kerr
(1935) as com piled by Massey et al. (2005).



nary Hoo doo Moun tain vol cano, in clud ing the im me di -
ately sur round ing base ment rocks pre vi ously mapped by
Fillipone and Ross (1989). Many other parts of the Iskut
map area (NTS 104B) were mapped as part of Geo log i cal
Sur vey of Can ada pro jects (e.g., An der son, 1989; An der -
son and Thorkelson, 1990), cul mi nat ing in a pro gram un der 
the direction of Anderson in 1991 (Anderson, 1993).

Prop erty-scale map ping re ported by Mont gom ery et
al. (1991) cov ers about 3.25 km2 around and west of Lost
Lake (Fig ure 2), in clud ing much of a ~0.5 km2 area pre vi -
ously mapped by Pegg (1989). Mont gom ery (in Forbes,
1991) cov ered ~0.5 km2 around sur face min er al iza tion at
the main Black Dog trenches. Much of the Rock and Roll
prop erty (~6.5 km2) was mapped at 1:2500 scale as re -
ported by Cohoon and Trebilcock (2004b), as was the ad ja -
cent Phiz prop erty (Rob claims; Cohoon and Trebilcock,
2004a). Re con nais sance map ping re ported here aims to test 
and ex tend the avail able his tor i cal map ping in or der to pro -
vide a struc tural and strati graphic set ting for the Rock and
Roll de posit and eval u ate regional potential for this deposit
type.

Exploration Work at Rock and Roll

Ex plo ra tion at the Rock and Roll prop erty be gan with
stak ing the Rob and Rock and Roll claims in 1986 and
1988. From 1987 to 1989, pre lim i nary as sess ment work
was done on the claims, in clud ing re con nais sance geo log i -
cal map ping, soils and silt sam pling (Todoruk and Ikona,
1988a, b; Mont gom ery and Ikona, 1989; Pegg, 1989). In
1990, the pro gram was ex panded to in clude petrographic
work and ground geo phys i cal sur veys (Mont gom ery et al.,
1991), all of which con trib uted to the dis cov ery of
polymetallic Ag-Au-Zn-Cu-Pb mas sive sul phide min er al -
iza tion at the Black Dog zone. This dis cov ery was im me di -
ately fol lowed up with a trench ing pro gram (110 m) and in
late 1990, a nine hole, di a mond-drill pro gram to tal ling
675 m, which tested the min er al iza tion over a strike length
of 50 m (Montgomery et al., 1991).

Work in 1991 fo cused on a ma jor drill pro gram of at
least 86 drillholes (10 525 m) on the Rock and Roll prop erty 
and five drillholes (373 m) on the Rob claims. Ad di tional
line cut ting, plugger soil sam pling, map ping, pros pect ing
and petrographic work was done. Most of this early ex plo -
ra tion work was con ducted by the Prime Re sources Group
(‘Prime’) and was not filed for as sess ment. For tu nately,
drill logs have been re cov ered (Dun ning and Scott, 1997),
but re ports doc u ment ing other as pects of ex plo ra tion at the
Rock and Roll and the Rob claims in 1991 have apparently
been lost.

In 1997, a third drill cam paign was con ducted by
Redstar Re sources Corp. Pre pa ra tory work combined a
com pre hen sive re view of pre vi ous work in clud ing a re-ex -
am i na tion of old drillcore and lithogeochemical and petro -
graphic anal y ses, fol lowed by a ten drillhole pro gram
(2203 m) that tested along strike and downdip ex ten sions of 
the known min er al iza tion (Dun ning and Scott, 1997). By
the end of this cam paign, sul phide min er al iza tion had been
in ter sected for over 650 m along strike and be tween 40 and
200 m downdip. Based on 104 holes com pleted on the
Black Dog and ad ja cent zones, Redstar Re sources Corp
cal cu lated a pre-43-101 re source of 675 000 t grad ing
1.75 g/t Au, 233.8 g/t Ag, 0.40% Cu, 0.50% Pb and 2.20%
Zn (Becherer, 1997; in Dunning and Scott, 1997).

In 2004, a pro gram of geo log i cal map ping, mo bile
metal ion and con ven tional soil sam ple geo chem is try, and
mi nor rock sam pling was con ducted (Cohoon and
Trebilcock, 2004). Ex plo ra tion ef forts were re newed in
2009 with a 350 line km air borne elec tro mag netic and mag -
netic sur vey and drill ing cam paign (five holes to tal ling
540 m) by Pa cific North West Cap i tal Corp (Jones, 2009).

PROPERTY GEOLOGY

We re port here on the re sults of a six day re con nais -
sance field map ping pro gram. Units were de fined dur ing
the course of map ping (Fig ure 3) on the ba sis of dis tinc tive
lithological char ac ter is tics. They are de scribed here, or -
dered by their pre sumed age. They ap par ently young to -
wards the north east, from car bon ate units near Craig River,
through vol ca nic units near Lost Lake, to sed i ment-dom i -
nated units nearer to the Iskut River (Fig ure 3). How ever,
both depositional and struc tural in ter leav ing has oc curred
and nei ther fos sils nor di rect iso to pic age de ter mi na tions
are avail able to con clu sively constrain the ages of any of
the units.

Carbonate Units

Car bon ate out crops ex ten sively in the south west ern
part of the mapped area. There are at least three vari ants:
ho mo ge neous rel a tively pure lime stone/mar ble, well-bed -
ded lime stone with or with out tuffaceous interlayers and
sooty- and flaggy-weath er ing lime stone. Macrofossils are
con spic u ously ab sent, pos si bly hav ing been de stroyed dur -
ing de for ma tion and recrystallization.

MARBLE

White crys tal line mar ble is the most com mon car bon -
ate. It is typ i cally strongly fo li ated and buff-weath er ing.
How ever, col our changes with the de gree of recrystal -
lization—with less in tensely fo li ated lime stone, it is more
com monly me dium to dark grey. Compositional lay er ing
tends to be strongly trans posed. Where rel ict bed ding is
well dis played, mas sive car bon ate beds range from 5 to
~100 cm thick.

TUFFACEOUS CARBONATE

Tuffaceous car bon ate is green, rust or, less com monly,
brown-weath er ing. Tuffaceous lay ers tend to be more com -
pe tent and re sis tant to weath er ing than the en clos ing car -
bon ate, but py ritic tuff lay ers can weather re ces sively (Fig -
ure 4). Vol ca nic clasts vary in pro por tion from a few
per cent to packed with a car bon ate ma trix. In one
tuffaceous ho ri zon, quartz grains were iden ti fied in hand
spec i men. This vol ca nic ma te rial is sus pected to be of
dacitic com po si tion and was sampled for U-Pb age
determination.

Open to iso cli nal folds are out lined by compositional
lay er ing caused by vari a tions in tuff con tent. In re gions of
high strain, folds are pre served only as hinges of root less
isoclines.

Tuffaceous car bon ate is spo rad i cally ex posed and, as a
re sult, is not rep re sented as a sep a rate map unit in Figure 3.

TUFF-QUARTZITE UNIT

Be neath root masses of trees blown down near the
Craig River, out crops of decimetre-thick beds of al ter nat -
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Fig ure 3. Ge ol ogy be tween the Iskut and Craig rivers, based on re con nais sance map ping dur ing this study and a com pi la tion of map ping by Mont gom ery (in Forbes, 1991), 
Mont gom ery et al. (1991) and Cohoon and Trebilcock (2004a, b).



ing green tuff and ‘quartz ite’ are freshly ex posed over sev -
eral hect ares. This unit passes across strike into more typ i -
cal tuff-car bon ate interbeds and the ‘quartz ite’ is
in ter preted as a prod uct of car bon ate re place ment. Sili ci fi -
ca tion and the oc cur rence of grossular gar net and abun dant
epidote within the tuff-quartz ite are in ter preted as the prod -
uct of con tact meta mor phism. This meta mor phism is at trib -
uted to a sev eral square kilo metre in tru sive body, which is
in cor rectly shown on com pi la tion maps (e.g., Massey et al., 
2005) as un der ly ing the same area, but the main mass of in -
tru sion must lie far ther to the south. No significant base-
metal mineralization was observed.

SOOTY LIMESTONE

Black, sooty lime stone was mapped at two lo cal i ties
equi dis tant from the south ern and west ern shores of Lost
Lake. Rel ict beds or folia form con tin u ous lay ers of uni -
form thick ness. These lay ers are typ i cally 1–2 cm thick
(and up to 15 cm). Slaty part ing and sooty black weath er ing
are char ac ter is tic. This unit is com bined with the main car -
bon ate unit in Figure 3.

Volcanic and Volcaniclastic Units

MAFIC VOLCANIC ROCKS

Light green- to rusty-weath er ing mafic vol ca nic rocks
are ex posed in rounded, gla ci ated out crops. Fresh sur faces
are dark green, pre dom i nantly due to per va sive chlorite and 
mi nor epidote al ter ation. Iron ox ides are not as abun dant as
is to be ex pected in a mafic vol ca nic rock. This is re flected
in the mag netic sus cep ti bil i ties, which are ap prox i mately
0.5 × 10-3 SI. Vol ca nic clasts are rarely vis i ble on the out -
crop sur face, but ash-sized, microporphyritic grains are ev -
i dent in hand sam ple. Compositional lay er ing can be ob -
served lo cally. Out crops of this unit ap pear mas sive and
fea ture less, or rarely, dis play vague brec cia tex tures. These
rare out crops are in ter preted as autobrecciated flow units.
In ter ca lated sed i men tary lay ers point to sub ma rine de po si -
tion, al though pil lows were not con clu sively iden ti fied.
Frag ments and lay er ing are ob scured by the typ i cal mod er -
ate to strong fo li a tion de vel oped within this unit.
Gradational con tacts with sediment-dominated units may
be due to both sedimentary and structural interleaving.

TUFFACEOUS PHYLLITE

Light to dark green-grey-weath er ing, platy out crops of 
phyllitic tuffaceous siltstone crop out on the for ested ridge
along which most ex plo ra tion has been con ducted (herein
called ‘Sul phide ridge’). Tuffaceous phyllite interfingers
with phyllitic turbidite (see be low), but can be re solved into 
a mappable unit as shown on Fig ure 3. Al though this unit
tends to be re ces sive, it un der lies much of ‘Sul phide ridge’
where it is ex ten sively in truded by diorite dikes. Vol ca nic
siltstone with ar gil la ceous part ings and quartz-poor, thin
greywacke beds are locally well preserved.

Protolith tex tures in both units are com monly ob scured 
by mod er ate to in tense fo li a tion and cataclasis. Both units
prob a bly grade into cherty siltstone and gra phitic argillite.

MAGNETIC LAPILLI ASH TUFF

Light green and rust-weath er ing, strongly fo li ated,
fine feld spar crys tal (20%) lapilli ash tuff is ex posed in the
Iskut River bed about 450 m north east of the Black Dog
trench. Feld spar and light green-grey ash frag ments are
elon gated to wards 120°. Scat tered, flat tened and elon gated

light-col oured fel sic lapilli con tain 20% fine- to me dium-
grained feld spar pheno crysts and sparse quartz eyes. A
dust ing of 1–2% fine-grained mag ne tite (prob a bly meta -
mor phic) gen er ates a mod er ately high av er age mag netic
sus cep ti bil ity of 26 (× 10–3 SI). This unit is likely re spon si -
ble for the el e vated aero mag net ic re sponse over ar eas along 
strike from these out crops (Jones, 2009). Un for tu nately,
our map ping did not in clude trac ing out this unit to verify
correlation with the aeromagnetic high.

Fine-grained Sedimentary Rocks

PHYLLITIC TURBIDITE

Low, platy out crops of grey to brown and rust-col -
oured ar gil la ceous siltstone are wide spread on the flanks of
‘Sul phide ridge’. Thin, graded siltstone to lam i nated si li -
ceous argillite cou plets (0.5–3 cm thick) are in ter preted as
AE turbidite beds. Coarser lay ers of me dium sand to rare
vol ca nic peb ble con glom er ate have been in ter sected in
drillcore (e.g., DDH RR97-103, 0.5 m sam pled for de tri tal
zir cons), but were not ob served in out crop. Thin quartz-
feld spar tuff lay ers (1–3 cm thick; Fig ure 5) oc cur within
the turbiditic siltstone at one lo cal ity where they were sam -
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Fig ure 4. Thin sec tion of tuffaceous car bon ate schist, north west -
ern Brit ish Co lum bia in: A) plane-po lar ized light and B) cross-po lar -
ized light. Feld spar and quartz grains dom i nate the cen tral 40% as
a di ag o nal do main, ex tend ing from the top left to the bot tom right.
Sec ond ary quartz fibres have grown in the pres sure shadow of a
ro tated py rite grain (opaque, bot tom right).



pled for U-Pb age de ter mi na tion. Phyllitic turbidite is com -
monly interleaved with tuffaceous phyllite.

RIBBED CHERTY SILTSTONE/ARGILLITE

Re sis tant, lam i nated ar gil la ceous to cherty siltstone
beds 0.5–2 cm thick al ter nate with re ces sive, fea ture less
silt-poor ar gil la ceous beds 1–5 cm thick to pro duce the con -
spic u ous ribbed ap pear ance of this unit. It is si li ceous and
trans lu cent, with a conchoidal frac ture. It is best ex posed
near the north end of ‘Sul phide ridge’ where clean ex po -
sures are light green to green-grey weath er ing. Rhyth mic
lay er ing within this unit is in ter preted as stacked AE tur -
bidite beds.

Lo cally the unit is cha ot i cally folded and beds are seg -
mented. Such dis rup tion may be due to soft-sed i ment de -
for ma tion and the for ma tion of rip-up clasts. Else where,
fold ing caused by re gional strain is well de vel oped, ex cept
where the pri mary lay er ing is ob scured by strong fo li a tion.
This unit has been in cluded with the phyllitic turbidite unit
in Figure 3.

GRAPHITIC ARGILLITE (± SILTSTONE)

Dark grey to black, com monly rusty, mod er ately si li -
ceous to fri a ble gra phitic argillite and siltstone is cal car e -
ous in many lo cal i ties. It gen er ally con tains up to sev eral
per cent dis sem i nated py rite and pyrrhotite and may be
bleached as a re sult of sul phide weath er ing. This unit
grades into the ribbed cherty siltstone-argillite unit, with
feath ery in ter ca la tions observed in drillcore.

Near the Black Dog show ing, gra phitic argillite is the
lay ered rock most com monly as so ci ated with mas sive sul -
phide min er al iza tion. It is also the unit in which Zn-Cu min -
er al iza tion was ob served along the bank of the Iskut River
about 330 m north of the Black Dog trenches (Ta ble 1,
Figure 3).

LAMINATED VOLCANIC SILTSTONE

Dark to light green and lo cally or ange, indurated vol -
ca nic siltstone forms the up per north east flank of ‘Sul phide
ridge’. Very well dis played, dis rupted laminae are char ac -
ter is tic, al though some out crops are mas sive. Micropor -
phyritic ash frag ments can be ob served in hand sam ple. The 
unit grades into lam i nated chert, which lacks volcanic
clasts.

LAMINATED CHERT

Creamy white- to rusty-weath er ing, very well lam i -
nated chert oc curs in at least one layer >3 m thick on the
north side of the ‘Sul phide ridge’. How ever, mul ti ple ex po -
sures closer to the Iskut River sug gest struc tural rep e ti tion
or a to tal com pos ite thick ness on the or der of 100 m. Lo -
cally the unit ap pears flow banded, with sparse, very fine
grained feld spar pheno crysts. How ever, synsedimentary
faults with dis place ment of sev eral milli metres can be ob -
served and a vol ca nic flow or pyroclastic tex ture could not
be ver i fied petro graphi cally. In stead, it ap pears to be a si li -
ceous argillite with less than 1% silt grains that are
subround and not an gu lar as would be ex pected of ash con -
tent. Fine- to very fine grained white crys tals that were in -
ter preted as feld spar microlites in hand sample could be
metamorphic minerals.

This unit is in ter preted as sed i men tary in or i gin, but
may in clude a sig nif i cant dust tuff com po nent. It prob a bly
grades to the south east into a fel sic lapilli tuff unit (Fig -

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

Fig ure 5. Lay ers of quartz-feld spar crys tal-ash tuff within phyllitic
turbidite, north west ern Brit ish Co lum bia: A) the out crop habit of
light to dark grey-weath er ing, well-bed ded and mod er ately to
weakly fo li ated silty argillite turbidite with a 2 cm thick tuff band (red
ar row); dot ted lines high light the con tacts of the tuff band; B) plane-
po lar ized light view of con tact be tween me dium-grained fel sic tuff
and silty argillite; the cir cle at the cross hairs has a ra dius of 100 mm; 
C) cross-po lar ized light view of con tact be tween me dium-grained
fel sic tuff and silty argillite; note an gu lar crys tal frag ments pro -
duced by cataclasis of orig i nal an gu lar feld spar and quartz crys tal
pyroclasts within the tuff band; the cir cle at the cross hairs has a ra -
dius of 100 mm.



ure 3) on the ad ja cent Phiz prop erty where it forms a dis -
tinc tive marker ho ri zon con tain ing up to 50% subrounded
fel sic lapilli-sized clasts (Cohoon and Trebilcock, 2004a).

Rhyodacitic flows were in ter sected by drill ing in hole
RR91-70. A 5 m sam ple of split core (sam ple TST09-7-01)
was col lected for U-Pb age de ter mi na tion. Pos si ble age
equiv a lence of tuffaceous lay ers sam pled from car bon ate
and turbiditic argillite will be tested.

Intrusive Rocks

DIORITE

Dark green, rounded to blocky and re sis tant diorite
sills and dikes up to 50 m in width are com mon. Most are
steeply dip ping and trend per pen dic u lar to or par al lel with
the dom i nant north west-trending struc tural grain within the 
coun try rocks (Fig ures 3, 6). Tex ture is vari able on a hand-
sam ple scale, rang ing from coarse grained holocrystalline
and equigranular, to fine grained and por phy ritic. A typ i cal
diorite out crop is me dium grained, with felted pyroxene,
hornblende and feld spar and <5% in ter sti tial quartz. The
dikes are al tered ev ery where: hornblende is strongly
chloritized and feld spar grains are tur bid with epidote-cal -
cite al ter ation (Fig ure 7). Leu co xene is a com mon al ter -
ation prod uct af ter ti ta nium ox ides (rutile, sphene).
Embayed mag ne tite (Fig ure 7) can range up to sev eral per -
cent by vol ume, al though mea sured mag netic sus cep ti bil i -
ties are com par a tively low, be tween 0.8 and 0.95 (× 10-3 SI).
There is no ap par ent re la tion ship be tween mag netic sus -
cep ti bil ity and de gree of fab ric de vel op ment.

The holocrystalline plagioclase-rich diorite ma trix can 
be used to dis tin guish this unit from an de site and ba salt, ex -
cept where this tex ture is oblit er ated by fo li a tion and lo cal
my lon ite de vel op ment. Dike mar gins can be dif fi cult to de -
fine where the fo li a tion is pro duced by slip and cataclasis,
which causes struc tural in ter leav ing over a metre or more.

POSTDEFORMATIONAL INTRUSIONS

Po tas sium-Feld spar Bi o tite Por phyry

Re sis tant, blocky, red dish-weath er ing, por phy ritic
quartz monzonite is me dium grey on fresh sur faces. Coarse
feld spar pheno crysts are char ac ter is tic and ap pear to be
orthoclase and mi nor plagioclase, rang ing in size up to
25 mm. Me dium-grained, euhedral, strongly chlorite-al -
tered bi o tite book lets com prise 5% of the in tru sion. Clots of 
chlorite may re place fine-grained pris matic to in ter sti tial
hornblende in the feld spar-quartz ma trix. Quartz con tent is
vari able, but is gen er ally less than 10% of the fine-grained
matrix.

Quartz Feld spar Bi o tite Por phyry

Or ange, blocky weath er ing, quartz-feld spar por phyry
crops out west and south of Lost Lake. It con tains 40% me -
dium-grained, subidiomorphic, white feld spar crys tals in a
fine-grained to apha ni tic or ange ma trix. Quartz eyes may
be pres ent up to 5% and are typ i cally embayed square b-
quartz <5 mm in di am e ter. Sparse, fine- to me dium-grained
bi o tite book lets are chloritized. At one lo cal ity, about
300 m south west of Lost Lake, the unit can be mapped as a
north-trending, near-ver ti cal dike cutting carbonate rocks.

MINERALIZATION

Dur ing the course of this study, we ob served min er al -
iza tion on the sur face at two lo cal i ties: the main Black Dog
oc cur rence and about 330 m far ther to the north, at out crops 
along the south bank of the Iskut River. Min er al iza tion at
the Black Dog is part of a multi-lay ered, stratiform zone
that has been traced more than 650 m, mainly to the south -
east. Rep re sen ta tive anal y ses of mas sive sul phide where
in ter sected by drill ing at the Black Dog are 1.1 and 3.8 g/t
Au, 27 and 308 g/t Ag, 0.85 and 2.44% Pb, 4.19 and 9.98%
Zn, and 0.01 and 0.24 % Cu from in ter vals 19.4–20.2 m and 
18.0–18.3 m in hole RR90-3. Min er al iza tion along the
Iskut River bank has not been drill tested; how ever, we col -
lected a ~4.0 m chip sam ple oblique to the strike (1.5 m true
thick ness) of the en clos ing gra phitic ar gil la ceous strata that 
yielded 14.7 ppm Ag, 0.24 ppm Au, 0.066% Cu and 0.17%
Zn (Table 1).

These two ar eas of sur face min er al iza tion are rep re -
sen ta tive of the two dis tinct styles of min er al iza tion com -
pris ing the Rock and Roll de posit: mas sive pyrrhotite(+py -
rite)–sphalerite–chal co py rite±ga lena and stringer and
wispy pyrrhotite–chal co py rite±sphalerite–galena.

Mas sive pyrrhotite–sphalerite–chal co py rite forms
banded lay ers (Fig ure 8) in both out crop and drillcore that
are up to ~10 m thick (e.g., drillhole RR91-037), where
they are as so ci ated with gra phitic ar gil la ceous siltstone.
Mas sive sul phide com monly forms a ma trix to clasts of
argillite or, as at the main Black Dog show ing, diorite (Fig -
ure 9). Clasts of ap par ent fel sic vol ca nic ma te rial have also
been ob served at the Black Dog, but these could be al tered
diorite frag ments (Fig ure 9), al though they lack both mafic
min er als and the high de gree of al ter ation typ i cal of diorite
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Table 1. Analysis performed on a ~4 m chip sample (#458827)
collected oblique to the strike of a foliated outcrop (~1.5 m true
width) along the southern bank of the Iskut River, northwestern
British Columbia. Analyses performed at ALS Chemex Laboratories 
(Vancouver) by aqua regia digestion and inductively coupled
plasma–mass spectroscopy, except for Au, which was analyzed by
fire assay atomic absorption spectroscopy.



(e.g., Fig ure 7). At the Black Dog oc cur rence, a diorite dike
is cut by mod er ately to steeply dip ping brit tle faults to pro -
duce blocks sev eral metres long. Gra phitic argillite is
folded around the blocks and sul phide has flowed be tween
them (Fig ure 10). Folds in sul phide and argillite are tight
and hinges plunge in op po site di rec tions, both north and
south, within the 15 m length of the main ex plo ra tion
trench. Veins of sphalerite–pyrrhotite±chal co py rite ex tend
into the diorite and surround breccia fragments near the
faults (Figures 9, 11).

Wispy trains and dis sem i na tions of sulphides out line
folded fo li a tion within the diorite and gra phitic argillite.
Min er al iza tion along the Iskut River (Ta ble 1) is of this
type. Py rite–chal co py rite–ga lena is most no ta ble within the 
argillite and pyrrhotite–chal co py rite–sphalerite is a com -
mon as sem blage within the diorite. Sphalerite also out lines
fo li a tion in a si li ceous tuff or sed i ment where in ter sected by 
drill ing be low the mas sive sul phide ho ri zon. Wispy and
dis sem i nated sul phide pre dates fold ing and could be
syngenetic; how ever, a predeformational in tru sive-re lated
source can not be ruled out on this ba sis, par tic u larly given
the oc cur rence of this min er al iza tion within fo li ated dio -
rite. Some late string ers of pyrrhotite-chal co py rite cut the
fabric and are likely remobilized.

STRUCTURE

The pre dom i nant fab ric through out the ‘Sul phide
ridge’ area is south- to south west-dip ping bed ding and fo li -
a tion that is mod er ately well de vel oped within volcano -
sedimentary strata (Fig ure 12) and vari ably de vel oped
within diorite dikes. In places, the fo li a tion is de mon stra bly 
ax ial pla nar to over turned folds, which range from open to
tight. Root less iso cli nal folds are com mon where fo li a tion
is most strongly de vel oped, par tic u larly within carbonate-
rich rock types.
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Fig ure 6. Rose di a gram of diorite dike ori en ta tions, north west -
ern Brit ish Co lum bia. The mean ori en ta tion is 012° (N = 9).

Fig ure 7. A) Al tered, nonfoliated hornblende diorite in cross-po lar -
ized light. B) The same field of view in plane-po lar ized light with
very weakly pleochroic hornblende (prob a bly low-Fe). Ab bre vi a -
tions: Mt, embayed opaque (resorbed mag ne tite?); Pl, strongly tur -
bid plagioclase; Hb, hornblende.. The cir cle at the cross hairs has a
ra dius of 100 mm.

Fig ure 8. Pol ished sec tion of a rep re sen ta tive sam ple of mas sive,
pink ish, pyrrhotite-rich (Po) sul phide from in ter val 19.4–20.2 m of
drillhole RR90-3, Rock and Roll de posit, north west ern Brit ish Co -
lum bia. Yel low chal co py rite (Cpy) com prises ~10% of the field of
view, and me dium-grey sphalerite (Sph) com prises ~20%. Blu ish-
white tab u lar ga lena (Gn) is sub or di nate to gran u lar yel low ish-
white py rite (Py), which to gether com prise ~5%. Dark grey to black
gangue (G) is mainly car bon ate. The ra dius of the cir cle at the
cross hairs is 100 mm.



Out crop to map-scale folds can be traced north west of
Lost Lake where fo li ated diorite cross cuts mafic vol ca nic
and car bon ate rocks. Within one of these fold clo sures,
intrafolial isoclines plunge shal lowly to wards 120° (Fig -
ures 3, 12, 13).

Strain as so ci ated with south west-dip ping fo li a tion
may have thick ened north east-trending diorite dikes, while
dis sect ing thin dikes not within, or or thogo nal to, the flat -
ten ing fabric.

Rep e ti tion of a min er al ized ho ri zon is seen in drill sec -
tions, with up to four lay ers ob served (M. Jones, pers
comm, 2009). This rep e ti tion may re sult from tight to iso -
cli nal fold ing about shal lowly south east plung ing fold
axes. Such fold ing would nec es sar ily pre date in tru sion of
the diorite dikes as they have not been ob served to out line
iso cli nal folds. Mod er ate to shal low dips in the re gion of
‘Sul phide ridge’ (Fig ure 13) are con sis tent with the pos si -

bil ity of stratiform sul phide lay ers re peated by early folds
with shal low ax ial sur faces. This pat tern is observed at
outcrop scale in other rock types.

DISCUSSION

Interlayered sed i men tary and vol ca nic se quences of
Tri as sic and late Pa leo zoic age, which are ideal can di dates
for stratiform min er al iza tion, are re gion ally ex ten sive in
the Iskut area. A vol cano-sed i men tary suc ces sion, in clud -
ing a fel sic vol ca nic marker ho ri zon, hosts the Rock and
Roll min er al iza tion. This host stra tig ra phy may be used to
(1) un ravel the com plex crustal struc ture in the area and (2)
con strain the age of the min er al iz ing en vi ron ment through
isotopic age determination.

Age of Host Strata

Geo chron ol ogi cal con straints on the age of the Rock
and Roll de posit host strata are lack ing. One un pub lished
iso to pic age de ter mi na tion from a sam ple of vol ca nic strata
north of the Iskut River is re ported by Ed wards et al. (2000)
as “>190 Ma based on 2 dis cor dant zir con frac tions (P. van
der Heyden, writ ten com mu ni ca tion, 1987)” (see Fig ure 2)
is not re li able. Strata from which the zir cons were ex tracted
were in ter preted as the old est Stuhini Group rocks in the
im me di ate area (Fillipone and Ross, 1989).
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Fig ure 9. Min er al iza tion from the Rock and Roll de posit, north -
west ern Brit ish Co lum bia: A) re flected light view of sphalerite-rich
min er al iza tion; B) trans mit ted light view of sphalerite-rich min er al -
iza tion. Clasts com prised mainly of plagioclase (Pl) and un iden ti -
fied feld spar (Fsp) float in a ma trix of sphalerite (Sph), which is me -
dium grey in re flected light, and mi nor flesh to light tan-col oured
pyrrhotite (Po) and ga lena (Gn). Some feld spar clasts are rel a tively
fresh plagioclase (Pl); oth ers are much more al tered. These clasts
might have orig i nated as diorite, and were sub se quently frag -
mented and milled dur ing brit tle de for ma tion. How ever, a lack of
mafic min er als and the rel a tively fresh plagioclase are both in con -
sis tent with this in ter pre ta tion. The cir cle at the cross hairs has a ra -
dius of 100 mm.

Fig ure 10. Mas sive sul phide at the main trench, Black Dog oc cur -
rence, north west ern Brit ish Co lum bia. The view is east-south east.
A very rusty mas sive sul phide layer ap pears to have been
‘squeezed up’ be tween diorite blocks.



About 7 km east of Lost Lake, Stuhini Group strata are
mapped as in truded by ca. 193 Ma plutons, in clud ing the
193.9 +6/–0.6 Ma (U-Pb zir con; Lewis et al., 2001) Iskut
River stock and the 195 ±1 Ma Red Bluff por phyry (U-Pb
zir con; Mac don ald et al., 1992). Near this lo cal ity, the
Stuhini Group is mapped as over lain by a co eval, dis con tin -
u ous blan ket of dacite-rhy o lite flow rocks be long ing to the
Betty Creek For ma tion of the Early Ju ras sic Hazelton
Group, dated at 193 ±1 Ma and 194 ±3 Ma (Lewis et al.,
2001). How ever, none of these mag matic units are known
to ex tend onto the Rock and Roll prop erty (the John
Peaks/Unuk metadiorite body along the Craig River is
undated).
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Fig ure 11. Sphalerite-rich mas sive sul phide in con tact with diorite,
north west ern Brit ish Co lum bia; the cir cle at the cross hairs in A and
B has a ra dius of 50 um, and in C has a ra dius of 100 mm: A) trans -
mit ted plane-po lar ized view of ir reg u lar brown-or ange sphalerite
vein within al tered diorite; B) same field of view as A un der re flected 
light; me dium-grey sphalerite (Sph) en closes xenomorphic
pyrrhotite (Po) and bladed ga lena (Gn); the highly re flec tive yel low
grain at the cross hairs is gold (Au); top right of photo shows flesh to
light tan-col oured pyrrhotite en clos ing xenomorphic sphalerite; C)
higher mag ni fi ca tion of gold grain (Au) and less re flec tive yel low
chal co py rite (Cpy); in ter nal re flec tions in sphalerite are well dis -
played.

Fig ure 12. A) Poles to fo li a tion, all rock types, Rock and Roll prop -
erty, north west ern Brit ish Co lum bia. The mean ori en ta tion is
130/39; N = 46; con tours at 2%, 4%, 8% and 16%. B) Poles to bed -
ding, all rock types. The mean ori en ta tion is 115/43; N = 19; con -
tours at 5%, 10% and 20%. C) Fold hinges, all rock types. Plane of
best fit is 107/46; N = 13; con tours at 7% and 14%.



Deposit Model and Age of Mineralization

Two mod els are pro posed to ex plain the or i gin of mas -
sive sul phide min er al iza tion ob served at the Rock and Roll
de posit: (1) skarn min er al iza tion at trib ut able to metasoma -
tism, co eval with, and gen er ated by, in tru sion of dikes and
sills of diorite; and (2) syngenetic min er al iza tion at trib ut -
able to hy dro ther mal cells, driven by sub ma rine vol ca nism. 
Skarn min er al iza tion is con sis tent with the close spa tial re -
la tion ship be tween diorite and mas sive sul phide at the main 
Black Dog oc cur rence, with sul phide veins cut ting the
dikes and with pos si ble diorite frag ments within the mas -
sive sul phide. In this model, metasomatism and min er al iza -
tion is at trib uted to the ex pul sion of re duced, sul phide and
metal-rich flu ids from the in trud ing diorite mag mas. Re -
place ment of re ac tive gra phitic argillite lay ers ex plains the
stratiform na ture of the min er al ized lay ers. This model re -
quires that the diorite in tru sions were reduced and metal
rich, characteristics that can be tested through geochemical
analysis.

Syngenetic min er al iza tion is con sis tent with the spa -
tial as so ci a tion of mas sive sulphides and gra phitic argillite,
the oc cur rence of mul ti ple ho ri zons that can be traced at ap -
prox i mately the same strati graphic ho ri zon from drillhole
to drillhole, the lack of diorite as so ci a tion with min er al iza -
tion in some drillholes, and the pres ence of a dis tal fel sic
vol ca nic ho ri zon within the pro duc tive part of the stra tig ra -
phy. In ad di tion, sparse geo chem i cal data from the sul -
phide-bear ing zones re veal el e vated Mn, Co and V typical
of other PMPMS deposits of syngenetic origin.

We pre fer a model of syngenetic min er al iza tion be cause 
of the strong ap par ent strati graphic con trol of the miner al -
ization and ev i dence for remobilization where the sul phide
min eral suite is hosted by diorite. The PMPMS as so ci a tion
with gra phitic argillite is con sis tent with a re duc ing and sul -
phide-pre serv ing en vi ron ment (ver sus ox i diz ing, sul phide-
de stroy ing). The as so ci a tion of fel sic vol ca nic rocks within
the sec tion is con sis tent with a cor re spond ing high Cu-Zn
tenor of the min er al iza tion (e.g., Kuroko style). How ever,
the ex pec ta tion of in creased sul phide nearer to an in tru sive
cen tre has not been borne out by pre lim i nary drill ing on the
Phiz prop erty where strata con tain ing the most prox i mal
fel sic vol ca nic rocks in the lo cal area have not yet re vealed
PMPMS min er al iza tion. Clear ev i dence for synchronicity
of min er al iza tion and host strata is re quired. Ura nium-lead
zir con dat ing of the host strata and the diorite, as well as di -
rect Re-Os dat ing of the sul phide min er al iza tion, is needed
to un equiv o cally dem on strate whether or not the Rock and
Roll de posit is syngenetic.
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Fig ure 13. Con toured dips (isogons) for bed ding and fo li a tion data col lected dur ing this study around the Rock and Roll prop erty. Dike ori -
en ta tions and fold hinges are shown for ref er ence. Dense dis tri bu tion of drillholes cor re sponds to min er al iza tion in the subsurface of ‘Sul -
phide ridge’. Grid is 500 m, UTM WGS84.
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Geology and Mineral Potential of Porcher Island, Northern Grenville
Channel and Vicinity, Northwestern British Columbia 

by J.L. Nelson, J.B. Mahoney1, G.E. Gehrels2, C. van Staal3 and J.J. Potter2

KEYWORDS: Al ex an der terrane, Porcher Is land, Gren -
ville Chan nel, Coast Moun tains, Wales Group, Descon
For ma tion, iron for ma tion

INTRODUCTION

The min eral po ten tial of a sig nif i cant num ber of tracts
in the north ern coastal area of Brit ish Co lum bia is as sessed
as high (Cat e go ries 1 and 2 out of 10; BC Min eral Po ten tial
As sess ment Pro gram; MapPlace, 2009; Kilby, 1995), but
ac tive min eral ex plo ra tion has been low, as in di cated by the
rel a tively low num ber of as sess ment re ports and re corded
min eral show ings. Just as it has re ceived com par a tively lit -
tle ex plo ra tion in ter est, this area has also not seen sys tem -
atic pub lic geo log i cal map ping since the orig i nal Geo log i -
cal Sur vey of Canada work in the 1960s (Roddick, 1970;
Hutchison 1982).

This is year 1 of a planned three year ac tiv ity to ex am -
ine the bed rock ge ol ogy of the north coast area of BC and its 
po ten tial for host ing sig nif i cant min eral de pos its (Fig -
ure 1). The north coast bed rock map ping and min eral de -
posit study is part of a larger co-op er a tive, Na tional Re -
sources Can ada–led endeavour, the Edges (Mul ti ple
Met als–North west Ca na dian Cor dil lera (Yu kon, BC)) pro -
ject. The Edges pro ject aims to in crease our un der stand ing
of the far-trav elled ter ranes that make up the outer accreted
mar gin of the Ca na dian Cor dil lera and of their me tal lic
min eral po ten tial (for a de tailed pro ject de scrip tion see
http://gsc.nrcan.gc.ca/gem/min/edges_e.php). Edges is a
con tri bu tion to the GEM (Geo-map ping for En ergy and
Min er als) pro gram, a fed eral pro gram that was ini ti ated in
2008 to en hance pub lic geoscience knowl edge in north ern
Can ada to stim u late eco nomic ac tiv ity in the en ergy and
min eral sec tors. The Edges pro ject is a col lab o ra tion be -
tween the Geo log i cal Sur vey of Can ada, the BC Geo log i cal 
Sur vey and the Yu kon Geo log i cal Sur vey, and involves the
United States Geological Survey and Canadian and
American academic contributors.

The north ern coastal area of BC is un der lain in part by
rocks of the south ern Al ex an der terrane, a large com pos ite
crustal frag ment that un der lies part of the St. Elias Moun -
tains on the Yu kon-Alaska bor der and most of south east ern

Alaska (Fig ure 1; Wheeler et al., 1991). It is of con sid er able 
ex plo ra tion in ter est be cause of the volcanogenic mas sive
sul phide (VMS) de pos its that it hosts, in clud ing Niblack
and oth ers on south ern Prince of Wales Is land just north of
the BC-Alaska bor der, as well as a trend of Tri as sic de pos -
its, no ta bly Windy Craggy and the Greens Creek mine (Fig -
ure 1). In this first year of the north coast pro ject, we be gan
geo log i  cal map ping on and near  Porcher  Is  land
(NTS 103J/01, 02, 103G/15, 16, 103H/12), at the north ern
end of the Al ex an der terrane in BC to take ad van tage of the
prox im ity of these rocks to the much better known stra tig -
ra phy in south east ern Alaska, as well as to the known
volcanogenic deposits there.

PREVIOUS WORK

The north ern coastal re gion of BC was first mapped
sys tem at i cally, at 1:250 000 scale, as part of Geo log i cal
Sur vey of Can ada re gional cov er age of the en tire Coast
Moun tains batholith and its sur round ing rocks. The
Porcher Is land–Grenville Chan nel area was cov ered as part 
of the Prince Rupert–Skeena map area (Hutchison, 1982)
and the Douglas Chan nel–Hecate Strait map area (Rod -
dick, 1970). The fo cus of these stud ies was on the plutonic
rocks; at that time, the nec es sary tools for the anal y sis of
meta mor phosed vol ca nic and sed i men tary se quences, U-
Pb dat ing and trace-el e ment geo chem is try, were not yet
avail able.

More re cent geo log i cal work in the north ern coastal re -
gion of BC has fo cused on un der stand ing the struc tural and
ig ne ous his tory of the Coast Moun tains orogen; Porcher Is -
land and Grenville Chan nel have been vis ited by many re -
search ers in the course of much broader stud ies (Chardon et 
al., 1999; Chardon, 2003; But ler et al., 2006; Gehrels et al.,
2009). Over all, the de tails of its ge ol ogy and of the
prebatholithic Al ex an der terrane rocks in par tic u lar have
not been in ves ti gated. The sole ex cep tion to this has been
the on go ing, mostly un pub lished work of G. Gehrels, part
of which is sum ma rized in Gehrels (2001) and Gehrels and
Boghossian (2000).

REGIONAL GEOLOGICAL SETTING

North ern coastal BC is un der lain by a wide va ri ety of
metasedimentary and meta vol can ic rocks that have been
as signed to sev eral tec tonic as sem blages. From west to
east, these in clude the Banks Is land as sem blage, the Al ex -
an der terrane, the Gravina belt and the Yu kon-Tanana
terrane (Fig ure 2). With the ex cep tion of the Banks Is land
as sem blage, which has only been rec og nized along the
outer coast of north ern BC, most of these units can be traced 
north ward into ad ja cent por tions of south east ern Alaska,
where their lithic com po nents, struc tural and meta mor phic
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Fig ure 1. Lo ca tion of the north coast pro ject, Brit ish Co lum bia, in the con text of north ern Cordilleran ter ranes and in terms of lo cal ge og ra -
phy.



char ac ter is tics, and ages have been de scribed by Gehrels et
al. (1987, 1996), Ru bin and Saleeby (1992), Saleeby
(2000) and Gehrels (2001).

Alexander Terrane

The Al ex an der terrane in the south ern part of south -
east ern Alaska and north ern coastal BC con sists of a broad
range of vol ca nic, sed i men tary and plutonic rocks, and
their meta mor phic equiv a lents, which are pri mar ily of
early Pa leo zoic age (Fig ure 3). These rocks un der lie most
of south ern part of south east ern Alaska, where they have
ex pe ri enced only mi nor youn ger meta mor phism, de for ma -
tion and plutonism. Far ther to the south east, Cre ta ceous
plutons be come more wide spread and the de gree of youn -
ger de for ma tion and meta mor phism in creases. In spite of
this youn ger over print, it is pos si ble to cor re late geo log i cal
units from south east ern Alaska into north west ern coastal
BC, and ac cord ingly we use the no men cla ture es tab lished
in the ad ja cent Alas kan pan han dle. The fol low ing unit de -
scrip tions are taken from the well-pre served por tion of the
Al ex an der terrane in south ern part
of southeastern Alaska (from
Gehre ls  and  Sa leeby,  1987;
Gehrels et al., 1996).

The old est rocks rec og nized
in the Al ex an der terrane con sist of
Late Pro tero zoic to Cam brian
meta vol can ic and metasedimen -
tary as sem blages of the Wales
Group (Fig ure 3). Meta vol can ic
com po nents range from mafic to
fel sic in com po si tion, with lithic
units rang ing from metres to hun -
dreds of metres in thick ness.
Protolith fea tures in di cate that
these rocks were orig i nally pil low
flows, flow brec cia, tuffaceous
brec cia and tuff. Metasedimentary
com po nents, sim i lar in abun dance
to meta vol can ic rocks, con sist of
metagreywacke rich in vol ca nic
de tri tus, phyllite or schist de rived
from mudstone and shale, and
mas sive mar ble. In tru sive into
these as sem blages are bod ies of
comp lexly interlayered gab bro,
diorite, tonalite and granodiorite,
with lay er ing com monly on a 1–
10 m scale. All rocks of the Wales
Group have a strong fo li a tion and
lineation that is com monly folded
around out crop-scale open folds.
Meta  mor  ph i sm ranges  f rom
greenschist (rich in actinolite,
chlorite and epidote) to am phi bo -
lite facies (rich in amphibole,
biotite, muscovite and rare garnet).

Rocks of the Wales Group in
south east ern Alaska are over lain
by a youn ger suite of lower grade
and less de formed vol ca nic and
sed i men tary rocks re ferred to as
the Descon For ma tion. Protoliths
of these rocks are very sim i lar to
those in the Wales Group, with the

only sig nif i cant dif fer ence be ing a scar city of mar ble in the
Descon For ma tion. Rocks of the Descon For ma tion gen er -
ally lack a meta mor phic fo li a tion and lineation and are
greenschist or lower in meta mor phic grade. The age of
these strata is con strained by fos sils and U-Pb geo chron ol -
ogy as Early Or do vi cian–Late Si lu rian. Plutons that are co -
eval (and prob a bly cogenetic) with vol ca nic rocks of the
Descon For ma tion are wide spread and range from diorite to 
granite in composition.

These early Pa leo zoic as sem blages are over lain un -
con form ably by a va ri ety of De vo nian strata that com -
monly in clude a basal clastic se quence (con glom er ate and
sand stone) of the Karheen For ma tion; mafic vol ca nic rocks 
of the Coronados, St Jo seph Is lands and Port Refugio for -
ma tions; and lime stone of the Wadlegh For ma tion. The
basal con glom er ate is in ter preted to rep re sent a ma jor
phase of up lift and ero sion, the Klakas orog eny, as it over -
lies and con tains clasts of a wide va ri ety of older rocks
(Gehrels and Saleeby, 1987).

Youn ger strata in the Al ex an der terrane in clude fine- to 
me dium-grained clastic strata, car bon ate rocks and mi nor
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Fig ure 2. Re gional ge ol ogy of north ern coastal Brit ish Co lum bia and south east ern Alaska and
set ting of the Al ex an der terrane.



ba salt of Car bon if er ous and Perm ian age, a Tri as sic basal
con glom er ate over lain by bi modal vol ca nic rocks, car bon -
ate rocks and rare con glom er atic strata of Tri as sic through
Middle Jurassic age.

The Niblack pros pect on south ern Prince of Wales Is -
land (Fig ure 1), ac quired by CBR Gold Cor po ra tion in
2009, is a Cu-Zn-Au-Ag–rich, Kuroko-type VMS de posit
with an es ti mated re source of 2.59 mil lion tonnes at 1.2%
Cu, 2.2% Zn, 33.2 g/t Ag and 2.3 g/t Au (CBR Gold Corp.,
2009). It is lo cated within a tightly folded pyroclastic rhy o -
lite unit, the Look out rhy o lite, which lies above a bi modal
fel sic and mafic se quence and be low a sec tion of mafic vol -
ca nic rocks. It has been re garded as hosted within the Wales 
Group (Gehrels et al., 1996). Re cently, an Or do vi cian date
of ca. 478 Ma has been ob tained from the Look out rhy o lite
(Karl et al., 2009); this sug gests that it is co eval with the
Descon For ma tion, rather than with the Neoproterozoic–
Cam brian Wales Group. Ayuso et al. (2005) and Slack et al.
(2005) as signed these rocks to the in for mal Moira Sound
unit. They, as well as Gehrels et al. (1983), point out that
volcanogenic de pos its are known both in this unit and
within the Wales Group proper and that both Neoprotero -
zoic and Or do vi cian vol ca nic se quences are prospective for 
syngenetic mineralization.

Other Terranes and Assemblages

BANKS ISLAND ASSEMBLAGE

The Banks Is land as sem blage (Fig ures 2, 3) has been
rec og nized as a dis tinct unit based on the pre dom i nance of
interlayered metaclastic quartz ite and mar ble in it, which
are rare in the gen er ally more prim i tive Pa leo zoic arc-re -
lated as sem blages of the Al ex an der terrane; it ap pears to
have a con ti nen tal mar gin af fin ity (Gehrels and Boghos -
sian, 2000). These rocks are ex posed on the south ern shore
of Banks Is land and can be traced north ward to west ern
Porcher Is land, west of the 2009 map area. The dom i nant
lithic com po nents are strongly de formed and re gion ally

meta mor phosed metaclastic quartz ite that com monly oc cur 
in centi metre-scale bands, mar ble lay ers with thick nesses
of sev eral centi metres to sev eral tens of metres, and phyllite 
and schist de rived from shale and mudstone. These rocks
have a well-de vel oped fo li a tion ev ery where, which is com -
monly folded into tight, out crop-scale iso cli nal folds.
Pelitic com po nents have been meta mor phosed to biotite
phyllite or schist, and garnet is present in some regions.

The age of the Banks Is land as sem blage is con strained
only by the fol low ing re la tions: a max i mum age of de po si -
tion is in di cated by de tri tal zir cons re cov ered from two
quartz ite rocks, which are as young as ca. 415 Ma (Si lu rian; 
G. Gehrels, pers comm, 2009). A min i mum age for the as -
sem blage can be in ferred from an orthogneiss, which has
yielded a U-Pb age of 357 Ma (Early Mis sis sip pian), and
which ap pears to have ex pe ri enced the same re gional de -
for ma tion and meta mor phism as sur round ing mar ble. A
broader min i mum age con straint is pro vided by plutons of
Late Ju ras sic age that are emplaced into these rocks (Geh -
rels et al., 2009) and at least lo cally in trude across the re -
gional fo li a tion and folds. To gether, these con straints sug -
gest that at least some por tions of the Banks Island
assemblage accumulated during mid-Paleozoic time.

GRAVINA BELT

Rocks of the Al ex an der terrane are over lain by Up per
Ju ras sic and Lower Cre ta ceous clastic strata—com monly
con glom er atic turbidites—and mafic vol ca nic rocks of the
Gravina belt. These rocks can be traced, gen er ally along the 
in board mar gin of the Al ex an der terrane, for the length of
south east ern Alaska (Berg et al., 1972) and into north ern
coastal BC (Fig ure 2). On Tongass Is land in south east ern
Alaska and on the main land east of Port Simpson (Lax
Kw’alaams), these rocks also over lie a se quence of meta -
vol can ic and metasedimentary rocks that have been as -
signed to the Yu kon-Tanana terrane (Gehrels, 2001).
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Fig ure 3. Strati graphic col umns for ma jor ter ranes of south east ern Alaska.



YUKON-TANANA TERRANE

East of the Al ex an der terrane and Gravina belt are
meta vol can ic and metasedimentary rocks of the Yu kon-
Tanana terrane that un der lie the west ern mar gin of the
Coast Moun tains, along the length of south east ern Alaska
and north ern coastal BC (Fig ure 2). In gen eral, these rocks
form a panel that dips east ward and youngs west ward, sug -
gest ing that the over all stra tig ra phy is in verted. Us ing the
no men cla ture de fined in south east ern Alaska, the Yu kon-
Tanana terrane in cludes the fol low ing (Fig ure 3):

· Tracy Arm as sem blage: Marble, quartz ite, pelitic
schist and orthogneiss are migmatitic and com monly
high in meta mor phic grade.

· Endicott Arm as sem blage: This unit has a dis tinc tive
basal con glom er ate con tain ing clasts de rived from the
Tracy Arm as sem blage. Over ly ing strata in clude
greenschist- to am phi bo lite-fa cies fel sic to mafic
meta vol can ic rocks, pelitic schist and mi nor mar ble.
Avail able fau nal and U-Pb geo chron ol ogi cal con -
straints sug gest that most strata are De vo nian–Mis sis -
sip pian in age.

· Port Hought on as sem blage: These strata gradationally
over lie the Endicott Arm as sem blage and con sist of
greenschist- to am phi bo lite-fa cies metaturbidite,
pelitic schist and metabasalt. Avail able fau nal con -
straints sug gest that most strata are late Pa leo zoic in
age.

In north west ern BC, the Ecstall belt (Alldrick, 2001; All -
drick et al., 2001; see also Gareau and Woodsworth, 2000),
with its en closed De vo nian volcanogenic de pos its, is also
as signed to the Yu kon-Tanana terrane. The host units are
equiv a lent to the mid dle Endicott Arm as sem blage of
south east ern Alaska.

Plutons of the Western Coast Plutonic
Complex

Tonalitic to granodioritic plutons of the Coast Plutonic
Com plex, or the Coast Moun tains batholith, oc cur as iso -
lated bod ies in north ern and west ern por tions of north ern
coastal BC, and in crease in ex tent south east ward to form
huge con tin u ous bod ies of plutonic rock (Fig ure 2; Gehrels
et al., 2009). Compositionally, most bod ies are tonalite and
granodiorite, with sub or di nate diorite and mi nor gab bro
and leucogranodiorite. Most bod ies have more hornblende
than bi o tite and abun dant ti tan ite, and some plutonic suites
con tain euhedral epidote that is in ter preted to be mag matic
in or i gin. Plutons west of the main batholith are gen er ally
undeformed, whereas a subsolidus fo li a tion and lineation
are more strongly de vel oped to ward the east into the core of 
the Coast Mountains orogen.

Ac cord ing to a re cent com pre hen sive geo chron ol ogi -
cal sum mary (Gehrels et al., 2009), plutonic U-Pb ages re -
cord a his tory of east ward mi gra tion across the Coast
Moun tains: wes tern most are 160–140 Ma (Late Ju ras sic)
tonalite and granodiorite, there are few plutons in the area
that are 140–120 Ma, 120–100 Ma (Early Cre ta ceous)
tonalite and granodiorite oc cur di rectly east of the Late Ju -
ras sic bod ies, a nearly con tin u ous band of 100–85 Ma
plutons (e.g., Ecstall pluton of Hutchison, 1982) un der lies
the west ern mar gin of the Coast Moun tains, mainly
tonalitic sills of ca. 70–60 Ma (lat est Cre ta ceous–ear li est
Ter tiary age) oc cur to the east, and the cen tral and east ern

por tions of the Coast Moun tains are un der lain by huge 60–
50 Ma (Eocene) granodiorite bodies.

The depth of em place ment of these plutons also
changes east ward across the Coast Moun tains. Hornblende
bar o met ric stud ies of the plutons, con ducted by But ler et al. 
(2006), sug gest that wes tern most Late Ju ras sic bod ies were 
emplaced at depths of ~15 km. The Early Cre ta ceous
plutons to the east were slightly deeper, ~20 km, whereas
mid-Cre ta ceous plutons of the Ecstall belt were emplaced
at sig nif i cantly greater depths, per haps 25–30 km. This in -
crease in depth of em place ment cor re lates well with the
east ward in crease in metamorphic grade.

LOCAL GEOLOGY

The 2009 map area, com pris ing the vi cin ity of Porcher
Is land, north west ern Pitt Is land and Grenville Chan nel, is
un der lain by a se ries of north west-strik ing pan els of meta -
mor phosed supracrustal and metaplutonic rocks, in truded
by late synkinematic, Cre ta ceous plutons (Fig ure 4). Al -
though they are meta mor phosed and in some cases strongly 
de formed, we have ten ta tively cor re lated the strat i fied units 
with known strati graphic units of the Al ex an der terrane of
south east ern Alaska. We rec og nize the Wales Group, the
Descon For ma tion and the Karheen For ma tion. Pre-Cre ta -
ceous plutonic bod ies in clude the Or do vi cian McMicking
pluton, the De vo nian (?) Swede Point pluton and the pos si -
bly Si lu rian Hunt In let pluton. South west of the meta mor -
phosed supracrustal units, two meta mor phosed ig ne ous
com plexes, the Ogden Chan nel and Billy Bay com plexes,
are rec og nized. They may be in tru sive equivalents of the
Wales and/or the Descon volcanic sequences.

Be cause of lack of bed rock ex po sure and dif fi cult ac -
cess to the is land in te ri ors, most of the ob ser va tions that
form the ba sis of our map ping were made along shore lines.
These were sup ple mented with log ging road tra verses
where such ac cess ex isted, he li cop ter spot check ing and
im age anal y sis of 5 m res o lu tion SPOT-5 sat el lite data from
2004 to 2006.

The ge ol ogy in Fig ure 4 is based on a 1:50 000 open
file map in prep a ra tion that will be avail able in early 2010
(Nel son et al., in press).

Stratified Units

WALES GROUP (?)

The Wales Group was named for a suc ces sion of
greenschist- to am phi bo lite-fa cies meta vol can ic and
metasedimentary rocks ex posed on Prince of Wales Is land
in south east ern Alaska (Buddington and Chapin, 1929;
Gehrels and Saleeby, 1987). The protoliths in clude ba saltic
to andesitic flows, brec cia and tuff, rhy o lite tuff, grey -
wacke, mudstone and lime stone. Metasedimentary and
meta vol can ic rocks oc cur in subequal pro por tions, and the
rocks are char ac ter ized by well-de vel oped fo li a tion and
lineation (Gehrels and Saleeby, 1987). The Wales Group is
Late Pro tero zoic to Cam brian in age, based on a ca. 554 Ma
U-Pb date on a cross cut ting pluton on Dall Is land (Gehrels,
1990) and on a small pop u la tion of ca. 595 Ma, prob a bly in -
her ited zir cons in the Or do vi cian Look out rhy o lite, which
over lies the Wales Group on southern Prince of Wales
Island.

In the 2009 map area, the Wales Group is ex posed on
the east ern side of Porcher Is land, on the west coast of the
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Fig ure 4. Ge ol ogy of Porcher Is land and Grenville Chan nel area, north west ern Brit ish Co lum bia. Geo log i cal map ping done in 2009 by J. Nel son, J.B. Mahoney, G. Gehrels and 
C. van Staal; with added in for ma tion from Roddick (1970), Hutchison (1982) and G. Gehrels, pers comm (2009).



main land east of Tele graph Pas sage and Grenville Chan nel, 
and on the is lands in be tween (Fig ure 4). The out crop belt
con tains sev eral subparallel lithostratigraphic fa cies belts
ex posed be tween the Use less fault on cen tral Porcher Is -
land and the east ern side of Grenville Chan nel. The dif fer -
ent fa cies are struc tur ally and stratigraphically interdigi -
tated on a va ri ety of scales, but an over all re gional map
pat tern can be dis cerned (Fig ure 4). Wales Group fa cies
belts are de scribed here from south west to north east. Note
that all of these rocks are in am phi bo lite grade and in many
parts of the area are highly strained, with spo radic and in -
com plete pres er va tion of protolith tex tures and fea tures.
Nev er the less, enough di ag nos tic out crops are pres ent to
allow confidence in characterizing the units.

Cen tral Porcher Is land

A metasedimentary unit forms the wes tern most fa cies
belt, oc cu py ing a faulted panel be tween the Use less and
Salt La goon faults. It is well ex posed along both the north
and south coasts of Porcher Is land. It con sists of rusty-
weath er ing, dark-col oured, thin-bed ded metaclastic rocks,
in clud ing thinly lay ered to lam i nated phyllite, bi o tite
schist, mar ble, calcsilicate, lesser am phi bo lite and mi nor
quartz ite and metagreywacke (Fig ure 5). Light grey to tan
coarse-grained mar ble suc ces sions are gen er ally 1–10 m in
thick ness, but range lo cally up 30 m; they are in ter ca lated
with thin phyllite, bi o tite schist and green metatuff units.
All pri mary lay er ing in the unit is trans posed into fo li a tion.
Intrafolial folds are par tic u larly ev i dent in the more cal car -
e ous in ter vals. Sim i lar rocks form septa within the Ogden
Chan nel Com plex (see be low). If the in tru sions of the
Ogden Chan nel Com plex were feed ers to vol ca nic suc ces -
sions of the Wales Group, then this metasedimentary unit
contains the oldest supracrustal rocks exposed locally.

North east ern Porcher–Chismore Pas sage
Sec tion

A meta-an de site unit, con sist ing of re sis tant, blocky-
weath er ing, dark green meta vol can ic rocks is ex posed
along the east ern coast of Porcher Is land and on Elliott and
Lewis is lands (Fig ures 4, 6). The suc ces sion is dom i nated
by dark green, mas sive an de site to ba saltic an de site with
interbedded thin- to me dium-bed ded tuff, tuff brec cia,
metaclastic rocks and mar ble. The re sis tant, blocky na ture
of the ex po sures re sults in prom i nent ribs of meta vol can ic
rock stand ing in bold re lief against less re sis tant, finer-grain -
ed interbeds. Flow-top (?) brec cias are lo cally pre served.
The rocks are gen er ally apha ni tic to lo cally small
plagioclase-phyric, and chloritically al tered mafic min er als 
and centi metre-scale lapilli are lo cally ev i dent. Mar ble lay -
ers within the an de site unit con sist of thin lay ers and
laminae of mar ble, interlayered with green metatuff.

A suc ces sion (>100 m) of light grey to green ish grey
rhyolitic apha ni tic to quartz-phyric crys tal tuff and vitric
crys tal lapilli tuff is ex posed on the east ern side of Elliott
and Lewis is lands. Rhy o lite and dacite are interlayered
with andesitic tuff and in some ar eas with thin mar ble units.
Fel sic rocks are recrystallized and dis play a dis tinct sug ary
tex ture, but pri mary quartz pheno crysts and white, apha ni -
tic lapilli clasts are well pre served. Quartz veins (2–15 cm)
are abun dant within the unit on east ern Elliott Is land. On
Elliott Is land, the unit ap pears tab u lar and lat er ally con tin u -
ous, but thins to the south. On the east ern side of Lewis Is -
land, rhyolitic in ter vals form 5–15 m suc ces sions in ter ca -
lated within andesitic meta vol can ic rocks. On McMicking

Is land, sim i lar rhy o lite or dacite forms a large, co her ent-
tex tured sin gle body that may be a cryptodome rather than a 
surface flow.

Gib son, Marrack, Hanmer and Ken nedy Is -
lands

This sec tion con sists of three units. From south west to
north east they in clude meta-an de site/metabasalt, a mixed
metasedimentary unit and meta mor phosed ba salt and pil -
low basalt.

The meta-an de site/metabasalt unit is in dis tin guish able 
from the meta-an de site sec tion on north east ern Porcher Is -
land (see above), ex cept that it is of higher meta mor phic
grade. It passes north east ward through a tran si tional con -
tact into the metasedimentary unit. In most ex po sures, this
con sists of bi o tite schist, lam i nated pelite and metatuff, and
mi nor thin mar ble and calcsilicate rocks. Thicker mar ble
bod ies oc cur on Hanmer Is land (Fig ure 7) and on Lamb Is -
land, an is let south of Marrack Is land. They con tain clasts
and interbeds of fragmental vol ca nic or i gin, a fea ture that
links them to the rest of the Wales Group.
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Fig ure 5. Typ i cal thinly lam i nated meta mor phosed clastic rocks of
the Wales Group on cen tral Porcher Is land, north west ern Brit ish
Co lum bia; rock ham mer for scale.

Fig ure 6. Typ i cal Wales Group meta-an de site tuff with intrafolial
folds, Elliott Is land, north west ern Brit ish Co lum bia; rock ham mer
for scale.



A dis tinc tive suc ces sion of stretched pil low ba salt oc -
curs on Dar ing Point, on the south east ern tip of Ken nedy Is -
land, and ex tends to the south to the south east ern tip of
Marrack Is land and the north east ern tip of Bed ford Is land
(Fig ure 4). The ba salt is apha ni tic, lo cally amyg da loid al,
and oc curs in thick, ho mo ge neous suc ces sions of up to 20–
30 m thick. The di ag nos tic char ac ter is tic of the unit is
stretched pil lows, which dis play length to width ra tios of
10:1 to 30:1, form ing long, thin tubes that dominate the
exposure.

Stu art An chor age–North east ern Pitt Is land–
Oona River

The Wales Group (?) sec tion ex posed on the small pen -
in sula south of Stu art An chor age on north east ern Pitt Is -
land forms a tight anticline, trun cated to the south west by a
fault that jux ta poses it with a body of unfoliated Cre ta ceous 
granodiorite. The stratigraphically low est unit is a white,
quartz-rich metadacite, con sist ing mostly of quartz with
lesser bi o tite and mus co vite in dis con tin u ous trains. Col our 
lami na tions in some places ap pear to re flect orig i nal
depositional lay er ing in tuff; else where, more even, coarse-
grained tex tures may be de rived from a co her ent vol ca nic
or hypa bys sal protolith. One out crop at the top of the dacite
shows vol ca nic brec cia tex tures (Fig ure 8). The sparse veg -
e ta tion pat tern on the rocky crest of the pen in sula is very
sim i lar to that de vel oped on the trondhjemite on
McMicking, Elliott and Lewis is lands. This pat tern is prob -
a bly due to sim i lar, nu tri ent-poor bed rock chem is try. It is
pos si ble that the Stu art An chor age metadacite is a high-
level equiv a lent of the McMicking trondhjemite, and thus
would be part of the Or do vi cian Descon For ma tion rather
than the Wales Group. This suggested correlation will be
tested by U-Pb dating.

The dacite is over lain gradationally by very bi o tite rich 
lam i nated tuff, which passes up ward into a se quence of
green andesitic thin-bed ded to lam i nated tuff and
tuffaceous sed i men tary beds, cherty, fine-grained
metadacite tuff and im pure metachert. A no ta ble fea ture
within the thin-bed ded tuffaceous unit is the pres ence of
iron for ma tion—fine-grained mag ne tite in lay ers and lam -
inae, with some as so ci ated epidote-gar net con cen tra tions.
Metachert within this unit con tains un usual meta mor phic
as sem blages, in clud ing manganoan zoisite and axinite, as
well as dis sem i na tions and laminae of sul phide min er als

and mag ne tite. This unit is de scribed in de tail in the sec tion
on volcanogenic oc cur rences. The mixed lam i nated unit in
turn grades up ward into typ i cal, less dis tinctly bed ded
green andesitic metatuff and lapilli tuff of the Wales Group.
Fac ing di rec tions de ter mined from graded bed ding and
basal scours show orig i nal sedimentary tops facing towards 
the overlying andesitic section.

A con tin u a tion of the lam i nated metatuff unit out crops
in the val ley around the vil lage of Oona River, where it is
used for road metal be cause of its sus cep ti bil ity to frac ture
into centi metre-size blocks. It is both col our- and composit -
ionally lam i nated on scales rang ing from milli metres to
decimetres, with al ter na tion of hornblende-, plagioclase-
quartz– and bi o tite-rich laminae; the lat ter give it a strong
cleavage.

East ern Grenville Pas sage

Rocks as signed to the Wales Group on the main land
coast east of Grenville Chan nel are, like the ex po sures on
the nearby is lands, for the most part am phi bo lite-fa cies an -
de site metatuff and brec cia. These dark green rocks form
mo not o nous se quences along the coast. Protoliths also in -
clude subvolcanic (?) in tru sions—diorite, an de site and ba -
salt, now meta mor phosed to am phi bo lite fa cies—which
are dif fi cult in many cases to dis tin guish from ex tru sive
rocks. Within this pre dom i nantly in ter me di ate sec tion,
there are dis crete bod ies of po tas sium feld spar–rich meta -
rhyolite and thin se quences of pelitic metasedimentary
strata, par tic u larly in the area around Moore Cove. Of par -
tic u lar in ter est are quartz-seri cite schist and mag ne tite-
bear ing chert, described in the section on economic ge ol -
ogy.

Meta vol can ic rocks cor re lated with the Wales Group
also oc cur in Kumealon and Baker in lets. They are mostly
mo not o nous meta-an de site typ i cal of the Wales Group.
How ever, in both ar eas, protolith com po si tions are in dic a -
tive of at least lo cal bi modal vol ca nism. One ex am ple in
Kumealon In let is of a ba saltic pil low brec cia (Fig ure 9),
now a gar net-chloritoid am phi bo lite, in con tact with a
meta mor phosed fel sic brec cia con tain ing an as sem blage of
gar net, bi o tite, sillimanite and cor di er ite. At such high
meta mor phic grade, the pres er va tion of primary igneous
textures is remarkable.

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

Fig ure 8. Dacite peperitic brec cia at top of metadacite in Wales
Group, Stu art An chor age, north west ern Brit ish Co lum bia; rock
ham mer for scale.

Fig ure 7. Wales Group mar ble on Hanmer Is land, with thin
interlayers of andesitic metatuff, north west ern Brit ish Co lum bia;
rock ham mer for scale.



DESCON FORMATION (?)

The Descon For ma tion was named by Eberlein et al.
(1983) for a suc ces sion of ba saltic-andesitic pil low flows
and brec cia, rhyolitic-dacitic tuff and brec cia, greywacke
and mudstone with sub or di nate con glom er ate and lime -
stone that un der lies much of cen tral Prince of Wales Is land
in south ern Alaska (Gehrels and Saleeby, 1987). It is in ter -
preted to be Early Or do vi cian to Early Si lu rian in age in
south east ern Alaska, based on the oc cur rence of Mid dle
Or do vi cian graptolites, 480–438 Ma plutons, and de tri tal
zir con geo chron ol ogy that ranges from ca. 490 to 460 Ma
(Gehrels and Saleeby, 1987; Gehrels et al, 1996). The
Descon For ma tion is in ter preted to un con form ably over lie
de formed vol ca nic strata of the Late Pro tero zoic to Cam -
brian Wales Group, based on the greater de gree of de for ma -
tion and meta mor phism in the Wales Group and the pres -
ence of a thick sed i men tary brec cia with de formed Wales
Group clasts at the base of the Descon Formation on
southern Prince of Wales Island.

In the 2009 map area, the Descon For ma tion is ex posed 
in two out crop belts along the north east ern and north west -
ern coasts of Porcher Is land. As in south east Alaska, the
Descon For ma tion is dif fer en ti ated from the older Wales
Group by a lower de gree of de for ma tion and meta mor -
phism and a lack of the striped mar ble-tuff units pres ent in
the Wales Group. In con trast to the Wales Group, the Des -
con For ma tion lacks pen e tra tive cleav age and abun dant
intrafolial folds, does not ex ceed up per-greenschist meta -
mor phic grade and dis plays well-pre served volcanic and
sedimentary textures.

East ern Fa cies

On north east Porcher Is land, the Descon For ma tion is
ex posed in a fault panel bounded on the east by the Lamp -
post fault, a sinistral oblique fault that jux ta poses Wales
Group strata with the Descon For ma tion, and on the west by 
the Salt La goon fault, a sinistral transcurrent fault (Fig -
ure 4). The Descon For ma tion on north east Porcher Is land
forms a gently dip ping panel of rocks that gen er ally dips to
the west, but is folded into a se ries of gen tle folds with an
am pli tude of hun dreds of metres. The north east ern side of
the out crop belt is mod er ately fo li ated, with a lithologically
con trolled dis tri bu tion of shear zones, and fo li a tion de -
creases mark edly to the west. The rocks in this area are gen -
er ally lower-greenschist fa cies with readily iden ti fi able
sed i men tary and vol ca nic tex tures. Re gional map ping sug -
gests the en tire fault panel forms a broad, north-plung ing
synclinorium in which a crude stra tig ra phy youngs up -
section from the east ern edge of the out crop belt near
Lamp post Islet to the centre of the synclinorium near
Humpback Bay (Figure 4).

The lower por tion of the stra tig ra phy con sists of thin-
bed ded andesitic tuff and vol ca nic brec cia (0.5–2 m) in ter -
ca lated with brown mar ble (1–2 m) and thin- to me dium-
bed ded green volcaniclastic arenite and wacke. Mar ble lo -
cally con tains rhyth mic in ter ca la tions (centi metre-scale) of 
thin green tuff. A strik ing com po nent of this part of the se -
quence is an de site brec cia beds with limestone matrix
(Figure 10).

On the west side of the synclinorium, thin mar ble beds
are in ter ca lated with thin-bed ded black argillite and thin- to 
me dium-bed ded vol ca nic lithic arenite on the shores of Salt 
La goon.

Interbedded tuff, volcaniclastic sed i men tary rocks and
mar ble near the base of the suc ces sion give way up to
epiclastic strata with interbedded very finely lam i nated fel -
sic tuff (Fig ure 11). Rhyolitic lapilli tuff (0.5–2 m) with dis -
tinct white an gu lar lapilli clasts forms a mi nor but distinc -
tive part of the thin-bed ded suc ces sion, and be comes vol -
umetrically more im por tant up ward. Rhyolitic to dacitic
lapilli tuff and tuff brec cia units up to sev eral metres thick
are interbedded with thin bed ded, fine-grained sed i men tary 
suc ces sions north of Lamp post Islet.

The pri mary vol ca nic char ac ter of the Descon For ma -
tion de creases upsection, and the unit be comes in creas ingly 
epiclastic in char ac ter. South of Ma son Point, the sec tion is
dom i nated by me dium- to thick-bed ded, fine- to me dium-
grained vol ca nic lithic arenite to wacke that is lo cally
coarse-grained, mod er ately well sorted, subangular to
subrounded and in ter ca lated with thin-bed ded siltstone to
mudstone. Sed i men tary struc tures in clude par al lel to wavy
lami na tions, graded bed ding, crosslaminations and basal
scour sur faces. Thin brown mar ble is lo cally rhyth mi cally
interbedded within the clastic sed i men tary suc ces sion. The
suc ces sion coars ens up ward, and near Hump back Bay, me -
dium- to thick-bed ded, lo cally mas sive, me dium- to coarse-
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Fig ure 10. Lime-ma trix andesitic brec cia, lower Descon For ma -
tion, north east ern Porcher Is land, north west ern Brit ish Co lum bia;
pen cil for scale.

Fig ure 9. Ba salt pil low brec cia in am phi bo lite fa cies, Kumealon In -
let, north west ern Brit ish Co lum bia; pen mag net for scale.



grained vol ca nic lithic arenite/wacke interbedded with
crudely strat i fied vol ca nic peb ble con glom er ate dom i nate
the se quence (Fig ure 12). Con glom er ate beds are 10–40 cm 
thick, tab u lar and lat er ally con tin u ous. Thin (10–30 cm)
mar ble beds are lo cally ev i dent. Thick (1–3 m) quartz-bear -
ing rhyolitic lapilli tuff with abundant angular white lapilli
clasts form less than 10% of the succession.

The stratigraphically high est part of the Descon For -
ma tion in this area is ex posed in the is lands north east of
Hunt In let. This por tion of the sec tion is dom i nated by dark
grey to dark green, thin- to me dium-bed ded, fine-grained
lithic arenite, siltstone and argillite interbedded with dis -
tinc tive in ter vals of re sis tant, thin-bed ded green si li ceous
vitric tuff.

West ern Fa cies

Ex po sures of the Descon For ma tion on west ern
Porcher Is land are con cen trated around Use less Bay and at
the mouth of Porcher In let (Fig ure 4). The unit is widely ex -
posed to the west on the Porcher Pen in sula and to the north
on Stephens Is land, but these ex po sures were not ex am ined
dur ing the 2009 field sea son. In gen eral, the west ern fa cies
of the Descon For ma tion rep re sents a prox i mal fa cies dom -
i nated by coarse fragmental vol ca nic rocks and as so ci ated
hypa bys sal in tru sions, in sharp con trast to more well-bed -
ded, sed i ment-dom i nated successions of the eastern, distal
facies.

At Use less Bay, the unit is dom i nated by dark green to
dark grey andesitic tuff brec cia, brec cia and lesser lava
flows. Andesitic dikes lo cally cut the fragmental rocks.
Thin- to me dium-bed ded volcaniclastic sed i men tary suc -
ces sions are lo cally interbedded within pyroclastic suc ces -
sions. Ex po sures are mas sive, and bed ding is dif fi cult to
dis cern. To the south, near the mouth of Porcher In let, the
Descon For ma tion is con tained within two fault pan els be -
tween the Billy Bay Com plex on the west and a fault on the
east that sep a rates it from the orthogneiss of the Ogden
Chan nel Com plex (Fig ure 4). The east ern most of these two
fault pan els con tains a mod er ately east-dip ping suc ces sion
of thick-bed ded to mas sive andesitic lapilli tuff and tuff
brec cia over lain by a thick se quence (hun dreds of metres)
of me dium- to thick-bed ded vol ca nic lithic arenite and
wacke and thin- to me dium-bed ded vol ca nic sand stone,
siltstone and argillite. This suc ces sion may rep re sent a tran -
si tional fa cies be tween the prox i mal west ern fa cies and the
more dis tal east ern fa cies. The wes tern most fault panel
con tains mafic, in ter me di ate and fel sic vol ca nic, hypa bys -
sal and plutonic rocks of the Billy Bay Com plex (de scribed
be low), which is interpreted as vent-proximal to subvol -
canic facies of the Descon Group.

KARHEEN FORMATION

The Karheen For ma tion was named for a suc ces sion of 
con glom er ate, sand stone, siltstone, shale and mi nor lime -
stone ex posed on Prince of Wales Is land (Eberlein and
Churkin, 1970; Gehrels and Saleeby, 1987). Cono dont and
brachi o pod biostratigraphy in di cate the for ma tion is mid -
dle Early De vo nian (Pragian) in age. The for ma tion over -
lies Si lu rian and older rocks, and is in ter preted as part of a
subaerial to shal low ma rine clastic wedge that coars ens and 
thick ens to the south east (Eberlein and Churkin, 1970;
Gehrels and Saleeby, 1987). De tri tal zir con geo chron ol ogy
from the Karheen For ma tion in cludes a ca. 450–420 Ma
dom i nant pop u la tion, ap par ently de rived from Late
Ordovician and Si lu rian plutonic rocks of the south ern Alex -

ander terrane, and a di verse Mid dle Pro tero zoic–Late Ar -
chean pop u la tion of un known cratonic der i va tion (Gehrels
et al., 1996).

In the 2009 map area, the Karheen For ma tion is ex -
posed on the west ern side of Ken nedy Is land and on the
east ern shore of the Grenville Chan nel (Fig ure 4). On west -
ern Ken nedy Is land, the unit is steeply dip ping, with tops to
the east, and is pre sumed to un con form ably over lie the
Wales Group. The Karheen For ma tion is in truded by the
Ken nedy Is land pluton, which also in trudes the Wales
Group on its south ern end. On west ern Ken nedy Is land, the
Karheen For ma tion con sists of me dium- to thick-bed ded,
me dium- to coarse-grained lithic feldspathic arenite,
polymict ma trix- to clast-sup ported peb ble to cob ble con -
glom er ate, and thin- to me dium-bed ded in ter vals of fine-
grained sand stone, siltstone and shale. The unit con tains
abun dant sed i men tary struc tures, in clud ing trough cross-
strat i fi ca tion, graded bed ding, basal scour sur faces and
crude chan nel struc tures, typ i cal of the Karheen in its type
ex po sures in south east ern Alaska (Fig ure 13). The con -
glom er ate con tains dis tinc tive clasts of blue quartz-eye
plutonic rocks that re sem ble Si lu rian trondhjemite ex posed 
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Fig ure 12. Descon con glom er ate, near Hump back Bay, north east -
ern Porcher Is land, north west ern Brit ish Co lum bia; rock ham mer
han dle for scale.

Fig ure 11. Well-bed ded crys tal-ash tuff, up per Descon For ma tion,
north east ern Porcher Is land, north west ern Brit ish Co lum bia; rock
ham mer for scale.



in south east Alaska, and po ten tially to the west in the
McMicking pluton (Gehrels and Boghossian, 2000) and
the Hunt In let pluton, which may be Si lu rian (see be low).
The south ern end of the Ken nedy Is land ex po sures be come
finer grained, with interbedded sand stone, siltstone and
mudstone/shale (pelite). The sed i men tary suc ces sion is
over lain by a vol ca nic pack age con tain ing pil low ba salt
that dis plays bul bous pil low out lines and amyg da loid al
rinds (Fig ure 14). They may rep re sent the mafic part of the
bi modal vol ca nic se quence that in places over lies the
Karheen For ma tion in south east ern Alaska. In con trast to
the highly deformed pillow basalt in the Wales Group on
nearby Marrack Island, this basalt shows no evidence of
flattening.

On the east ern shore of Grenville Chan nel, grey thin-
to me dium-bed ded, well-sorted, in places cross-strat i fied
sand stone, siltstone, shale and mi nor ma trix-sup ported
plutonic and quartz peb ble con glom er ate oc cur in two
struc tural pan els. Near the mouth of Kumealon In let,
plutonic-cob ble con glom er ate and sand stone over lie am -
phi bo lite of the Wales Group across a sharp, ap par ently
unfaulted, un con form able (?) con tact in the core of a re -
gional fold. The more ex ten sive panel of Karheen-equiv a -
lent strata, the Kumealon clastic unit, ex tends over 35 km,
from Tele graph Pas sage to Baker In let, in fault con tact with
Wales Group meta vol can ic rocks to the west (Fig ure 4).
This suc ces sion is in ferred to be cor re la tive with the
Karheen For ma tion on Ken nedy Is land, al though the pre -
cise strati graphic re la tion be tween the two pack ages is un -
cer tain. The Kumealon clastic unit is a se quence of grey,
thick-bed ded, well-sorted sand stone interbedded with thin-
bed ded sand stone, siltstone and pelite. In one out crop near
the west ern end of Kumealon In let, tex tur ally pris tine
cross-strat i fied quartz-peb ble con glom er ate and sand stone
(Fig ure 15) are interlayered with highly fo li ated pelite
crowded with gar net porphyroblasts up to 1 cm across—a
dra matic in stance of compositional con trol on the pres er va -
tion of pri mary fea tures dur ing high-grade dynamothermal
meta mor phism. Sparse top di rec tions sug gest over all east -
ward younging in this se quence; how ever, west-fac ing
beds are also ob served and the prev a lence of iso cli nal fold -
ing in the area makes strati graphic fac ing di rec tions dif fi -
cult to de ter mine.

A de tri tal zir con sam ple from the Karheen For ma tion
on Ken nedy Is land yielded a pop u la tion dom i nated by Si lu -
rian, 435–430 Ma zir cons (Gehrels and Boghossian, 2000). 
This sig na ture, typ i cal of the Karheen in south east ern
Alaska, rep re sents ero sion of Si lu rian plutons. A quartz-
peb ble con glom er ate in Kumealon In let yields a sim i lar Si -
lu rian de tri tal peak, with a scat ter ing of Pre cam brian grains
(G. Gehrels, pers comm, 2009). This sim i lar ity in de tri tal
zir con sig na tures sup ports the cor re la tion of the Kumealon
clastic unit east of Grenville Chan nel with the Karheen For -
ma tion on Ken nedy Is land.

PALEOZOIC LIMESTONE IN KUMEALON
INLET

Two bands of mar ble and calcsilicate out crop near the
head of Kumealon In let and ex tend north along Kumealon
La goon. The more east erly body is dom i nated by pure,
well-bed ded mar ble; the more west erly body shows
interlayering on a centi metre to metre scale with metatuff
and clastic (?) metasedimentary lay ers. Above a thin con -
tact zone of in ter ca la tion with meta vol can ic laminae, the
east ern unit com prises a thick basal suc ces sion (10–50 m)

of thin- to me dium-bed ded, brown-weath er ing, light
brown, coarse-grained mar ble with lo cal rel ict fos sil ma te -
rial. Recrystallized fos sil ma te rial, in clud ing ap par ent sol i -
tary (Rugosan) cor als, trace fos sils (fine worm tubes) and
bioclastic hash sug gest the protolith was a late Pa leo zoic
fossiliferous rudstone to float stone (Fig ure 16). The mar ble 
be comes in ter ca lated to wards the west with thin-bed ded,
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Fig ure 14. Undeformed pil low ba salt stratigraphically above the
Karheen For ma tion, west ern Ken nedy Is land, north west ern Brit ish 
Co lum bia; rock ham mer for scale.

Fig ure 15. Quartz-peb ble con glom er ate in the Kumealon clastic
unit, north west ern Brit ish Co lum bia; rock ham mer for scale.

Fig ure 13. Cross-strat i fi ca tion in Karheen metasandstone, west -
ern Ken nedy Is land, north west ern Brit ish Co lum bia; rock ham mer
for scale.



green ish-grey volcaniclastic (?) fine-grained sand stone
and siltstone, and gradationally passes into thin- to me -
dium-bed ded volcaniclastic strata, which then passes
westward into the thinly layered marble-metavolcanic unit.

The struc tural and strati graphic re la tion ships be tween
the mar ble and the meta vol can ic rocks around it are not
known. Both the mar ble and the rocks around it are
isoclinally folded with trans posed lay er ing. The dis con ti -
nu ity of the mar ble unit was noted by Roddick (1970): it
does not out crop to the south on the shores of Baker In let,
nor to the north in the moun tains east of Moore Cove. We
have thus in ter preted it as oc cu py ing the core of a dou bly
plung ing synform that ‘airs’ —is eroded away in both up-
plunge di rec tions—to the north west and south east of
Kumealon In let. We have as sumed, be cause of con ti nu ity
and re sem blance to Wales Group ex po sures else where, that 
the meta vol can ic unit here also be longs to the Wales Group. 
How ever, the field re la tion ships, in which there are ap par -
ently tran si tional con tacts be tween the meta vol can ic unit
and the coral-bear ing Pa leo zoic lime stone (Figure 17), are
not compatible with this interpretation.

Plutonic/Metamorphic Complexes

OGDEN CHANNEL COMPLEX

The Ogden Chan nel Com plex com prises both
orthogneiss and the older metasedimentary septa that it in -
trudes. It out crops in two ad ja cent, north west-strik ing belts
that span both sides of Ogden Chan nel on Pitt and Porcher
is lands, sep a rated from each other by the Use less fault and
the Swede Point pluton (Fig ure 4). The orthogneiss con sists 
of many small bod ies with in tri cate cross cut ting orig i nal re -
la tion ships. It is dom i nantly mafic, con sist ing of vari able-
tex tured metadiorite and gab bro with sub or di nate smaller
bod ies of quartz diorite and tonalite. It is lo cally and re gion -
ally het er o ge neous, both in com po si tion and tex ture.
Compositional bands oc cur typ i cally on 1–10 m scales; tex -
tures vary from coarse to fine grained. The orthogneiss is an 
in tru sive com plex, strongly de formed throughout and
metamorphosed to amphibolite grade.

The metasedimentary septa within the orthogneiss
con sist of lam i nated pelite, si li ceous pelite, calcsilicate,
lesser pure mar ble, quartz ite, meta-greywacke with quartz-
rich lay ers and am phi bo lite sills (?). Thin lay er ing typ i fies

the unit—both as compositional lay er ing such as pelite-
quartz ite or calcsilicate-mar ble, and also within lith o logic
units, which can be finely col our lam i nated. Like the en -
clos ing orthogneiss, the metasedimentary units have been
meta mor phosed at am phi bo lite grade. Iso cli nal fold ing is
com mon. We in ter pret these as rem nants of coun try rock
that were intruded by the orthogneiss.

BILLY BAY COMPLEX

The Billy Bay Com plex is ex posed on the west ern
shore of Porcher Is land from Billy Bay, where it is trun -
cated by the Cap tain Cove pluton, to Kitkatla In let, where it
is cut off by the West Porcher pluton. It is a mafic, in ter me -
di ate and fel sic ex tru sive/in tru sive com plex in which vol -
ca nic and subvolcanic com po nents are mixed on scales of
1–50 m, in clud ing ba salt and an de site flows, tuff and brec -
cia; plagioclase-phyric granodiorite; diorite; and very mi -
nor meta-argillite, metachert and metasandstone. It has the
char ac ter of a com plex vol ca nic cen tre con sist ing of many
mu tu ally cross cut ting in tru sive and hypa bys sal phases as
well as ex tru sive rem nants. Most units of the Billy Bay
Com plex have un der gone am phi bo lite-fa cies meta mor -
phism. Un like the Ogden Chan nel Com plex, pri mary ig ne -
ous tex tures are pre served in spite of strong shear ing, as are
other fea tures such as chilled dike mar gins and flow-brec -
cia tran si tions. Fab ric de vel op ment is strongly litholog -
ically par ti tioned. Fo li a tion is stron gest in mafic tuff, which 
are now highly fo li ated am phi bo lite. By con trast, the in te ri -
ors of some dikes and sills show orig i nal plagioclase-
phyric tex tures, and diorite show pseudomorphed salt-and-
pepper plagioclase-augite intergrowths, without any
superimposed foliation.

Pro vi sion ally, we re gard the Billy Bay Com plex as a
vent-prox i mal fa cies of the Descon For ma tion, based upon
the com pa ra ble pres er va tion of pri mary tex tures com pared
to those in the Wales Group. This as ser tion will be tested by
U-Pb dat ing. The com plex may well be a com pos ite of ig ne -
ous units of sev eral ages; the granodiorite in par tic u lar are
compositionally dis sim i lar to Descon fel sic units, which
tend to contain less potassium feldspar.
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Fig ure 17. Gradational con tact be tween meta vol can ic unit and Pa -
leo zoic mar ble, Kumealon In let, north west ern Brit ish Co lum bia;
rock ham mer for scale.

Fig ure 16. Sol i tary coral, mar ble unit, Kumealon In let, north west -
ern Brit ish Co lum bia; pen cil for scale.



Intrusive Units

ORDOVICIAN

McMicking Pluton

The McMicking pluton is a north west erly elon gate
body that out crops on McMicking, Elliott and Lewis is -
lands (Fig ure 4). Most of the body con sists of coarse-
grained equigranular to some what inequigranular white to
pale grey trondhjemite. It is quartz-rich, with blobby quartz
grains stud ding many ex po sures. Sodic plagioclase is the
dom i nant min eral; po tas sium feld spar is ab sent. Mi nor
mafic min er als have been recrystallized to chlorite, epi -
dote, seri cite and actinolite. It is vari ably fo li ated; the de -
gree of fo li a tion in creases strongly south west to wards the
Lamp post fault. The bor der phase of the McMicking pluton 
con trasts strongly with its uni form, fel sic in te rior. It con -
sists of cross cut ting phases of vari ably tex tured tonalite and 
diorite. Fo li a tion is less pro nounced in the pluton than in
the main trondhjemite, prob a bly due to a lack of eas ily de -
formed minerals such as quartz and mica.

The McMicking pluton cuts across lay er ing and
foliations in the Wales Group (Fig ure 18), in di cat ing that it
was emplaced af ter an ep i sode of re gional meta mor phism
and de for ma tion. This re la tion ship is over printed by youn -
ger, lower-grade meta mor phism and shear ing of both the
pluton and the older meta vol can ic rocks that it intrudes.

The McMicking pluton has been dated by U-Pb meth -
ods on zir con as 482 ±15 Ma (Early Or do vi cian; Gehrels
and Boghossian, 2000). It is co eval with the old est known
Or do vi cian plutons in the Al ex an der terrane of south east -
ern Alaska (Gehrels and Saleeby, 1987; S. Karl, pers
comm, 2009). It was prob a bly a feeder to Descon-aged vol -
ca nism. Its trondhjemitic com po si tion and lack of older zir -
con in her i tance are con sis tent with in tru sion in a primitive
arc environment.

SILURIAN (?)

Hunt In let Pluton

The Hunt In let pluton out crops on the shores of far
north ern Porcher Is land and ad ja cent is lands near Hunt In -
let. Its char ac ter is tic and unique out crop style is ex pressed
as a horde of tiny is lets and subtidal rocks that pose a dis -

tinct haz ard to small-boat nav i ga tion. The body con sists of
weakly fo li ated lower-greenschist grade metatonalite with
blue quartz eyes. Pri mary mafic min er als are recrystallized
to fuzzy clots of epidote, chlorite, bi o tite and pos si bly
actinolite. It in trudes the de formed and some what fo li ated
Descon For ma tion, and is cut by Cre ta ceous (?) unfoliated,
fresh diorite. It phys i cally re sem bles granitoid rocks of Si -
lu rian age on Prince of Wales Is land (Gehrels and Saleeby,
1987), and this is of fered as a ten ta tive correlation pending
U/Pb geochronology.

DEVONIAN (?)

Swede Point Pluton

The Swede Point pluton forms a north west erly
trending belt of light-col oured ex po sures that ex tends
across cen tral Pitt and cen tral Porcher Is land. These out -
crops are much more de void of veg e ta tion than other
plutonic units: Bareside Moun tain on south east ern Porcher
Is land is a par tic u larly prom i nent ex am ple. The body con -
sists of very strongly fo li ated granodiorite, gran ite, tonalite
and diorite. Small plagioclase-phyric tex tures are very
com mon. In parts it is compositionally het er o ge neous on a
metre scale; else where it is more uni form. One of the dis tin -
guish ing char ac ter is tics of the Swede Point pluton is the
com mon pres ence of synkinematic to postkinematic gar -
net, which may in di cate a rel a tively aluminous com po si -
tion. Its de gree of protomylonitic de for ma tion is also dis -
tinc tive, com pared to the less-foliated but presumably older 
McMicking pluton.

The Swede Point pluton in trudes rocks of the Ogden
Chan nel Com plex. In tru sive re la tion ships are clearly
shown in out crops near Bareside Point (Fig ure 19), Barrett
Point, and in the chan nel lead ing to Salt La goon. The
Swede Point phases cross cut early fo li a tion in the Ogden
Chan nel Com plex. Near Barrett Is land, east of Use less Bay, 
some dikes are mylonitized whereas oth ers cross cut the fo -
li a tion, which sug gests synkinematic em place ment (see
discussion in ‘Structure’).

The Swede Point pluton has been dated as 382 ±14 Ma
by U-Pb meth ods (van der Heyden, 1989); how ever, be -
cause of com pli cated sys tem at ics, this date is con sid ered
ap prox i mate and we have col lected sam ples for reanalysis.
Mid dle De vo nian plutons are rare in the Al ex an der terrane.
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Fig ure 18. Trondhjemite of the McMicking pluton in trudes meta-
an de site tuff, north west ern Elliott Is land, north west ern Brit ish Co -
lum bia; pen cil for scale.

Fig ure 19. Swede Point pluton in trud ing am phi bo lite-fa cies
orthogneiss of the Ogden Chan nel Com plex, near Bareside Point,
north west ern Brit ish Co lum bia; field of view is 20 m.



CRETACEOUS INTRUSIONS

Typ i cal of the west ern reaches of the Coast Plutonic
Com plex, the Porcher Is land–Pitt Is land area is host to a
num ber of in di vid ual plutons. In map view, they are equant
and ir reg u lar in shape, ex cept for the tab u lar, elon gate Pen -
in sula Point pluton (Fig ure 4). They cross cut fo li a tion in
the older rocks and some faulted unit con tacts, but are off set 
and lo cally de formed by the ma jor faults in the area, in clud -
ing the Salt La goon and Use less faults (Fig ure 4) and far -
ther west, the Kitkatla shear zone (Chardon et al., 1999).
The Cre ta ceous suite in cludes granodiorite, tonalite, diorite 
and mi nor true gran ite, along with swarms of peg ma tite
near pluton mar gins. Al though these are not dated on
Porcher Is land, U-Pb dates from sim i lar bod ies on Pitt,
McCauley and Stephens is lands are in the range of 113–
101 Ma (Butler et al., 2006; Gehrels 2001).

Cap tain Cove Pluton

The Cap tain Cove pluton is ex posed on south east ern
Porcher Is land and across Ogden Chan nel on Pitt Is land
(Fig ure 4). Ex cept for some diorite-gab bro bor der phases
near Al pha Point, it is a vo lu mi nous body of granodiorite,
quartz diorite and quartz monzonite (Roddick, 1970). But -
ler et al. (2006) re port three U-Pb ages from the Cap tain
Cove pluton of 108.5–107 Ma. One of their sam ples is from
a dike that cross cuts fab rics of the Kitkatla shear zone on
Pitt Is land south west of the pres ent map area. On the other
hand, Chadron et al. (1999) de scribe gneissic foliations
within the Cap tain Cove body that are de flected into the
shear zone, sug gest ing that it was emplaced at a late stage of 
motion.

West Porcher Pluton

This large, equant body out crops on the west ern coast
of Porcher Is land in Kitkatla In let and ex tends into the Bell
Range (con tacts on Fig ure 4 partly based on Roddick,
1970) It is ho mo ge neous over a broad area, con sist ing of
fresh, coarse-grained granodiorite with scat tered black
mafic restite in clu sions. It re sem bles the Cap tain Cove plu -
ton in ig ne ous com po si tion and tex ture, over all shape and
ap pear ance; they are prob a bly re lated. Min er als in clude
plagioclase, quartz, hornblende, bi o tite and traces of mag -
ne tite. In its wes tern most ex po sures it shows a mainly mag -
matic to subsolidus (?) fo li a tion char ac ter ized by weak
align ment of mafic min er als and pos si bly quartz. Late peg -
ma tite and aplite dikes both fol low and cut across this fab -
ric. At its south ern con tact north of the en trance to Porcher
In let, it hornfelses rocks of the Billy Bay Com plex and
truncates both layering and a local mylonitic foliation.

Porcher Creek Pluton (Cre ta ceous? Ju ras -
sic?)

Un like the other known or as sumed Cre ta ceous in tru -
sions, which tend to be uni form in com po si tion and tex ture
over broad ar eas, the Porcher Creek pluton is highly vari -
able. On the south ern side of Porcher In let it is es sen tially a
dike com plex, con sist ing of cross cut ting diorite, an de site,
tonalite and leucotonalite phases. Em place ment co in cided
with shear ing and cataclasis, as shown by nu mer ous
chloritic shears and mi nor faults. North of the in let it is
more uni form in com po si tion, a diorite that is in truded by
youn ger granodiorite of the West Porcher pluton.

Pen in sula Point Pluton

The Pen in sula Point pluton is a north west erly elon gate
body that out crops near Oona River on Porcher Is land, and
con tin ues south east along the north east ern shores of Pitt Is -
land. It is a fresh, undeformed granodiorite with clear eu -
hedral ti tan ite grains. Early crys tal liz ing hornblende
prisms and os cil la tory/nor mal-zoned plagioclase grains are 
sur rounded by ma trix quartz and orthoclase. Early brown
bi o tite is suc ceeded in a few ar eas by late-stage green bi o -
tite, with sec ond ary interstitial epidote.

On the north east ern coast of Pitt Is land, small off -
shoots of the Pen in sula pluton and peg ma tite within its mar -
gin show mi nor off sets and boudinage; these are re lated to a 
con tin u a tion of the Salt La goon fault that is in ferred to lie
off shore. We in ter pret this to show that the pluton was
emplaced dur ing the later stages of motion on the fault.

Other Bod ies

Undeformed, fresh plutonic bod ies of prob a ble mid-
Cre ta ceous age out crop in the Spiller Range, the Chismore
Range, north west of Hunt In let and Ken nedy Is land. A
subsurface north ern ex ten sion of the Spiller Range pluton
was re spon si ble for ex ten sive hornfelsing of the Descon
For ma tion east of Hunt In let. Highly de formed granitoid
bod ies out crop in Baker In let east of Grenville Chan nel,
where Mansfield (2004) in ter preted them to be infolded
with schist. Al though un dated, they may be re lated to the
ca. 90 Ma Ecstall pluton, which out crops ex ten sively far -
ther east; this will be tested geochronologically.

Structural Geology

CRETACEOUS SINISTRAL-OBLIQUE
FAULTS

The large-scale map pat tern of the Porcher Is land–
Grenville Chan nel area, as shown on Fig ure 4, is dom i nated 
by a set of re gional, north- to north west-strik ing, mainly
sinistral transcurrent faults. They form part of a zone of
sinistral shear ing that af fected the en tire north west ern
Coast Moun tains in Cre ta ceous time (Chardon et al., 1999). 
Lo cally, these faults off set and cre ate lo cal zones of
tectonite in oth er wise undeformed plutons, which are as -
sumed to be of late Early Cre ta ceous age, based on sim i lar i -
ties with nearby dated bod ies (ca. 114–107 Ma; But ler et
al., 2006). Thus, at least the later stages of mo tion on the
faults took place dur ing the late Early Cre ta ceous. Their
ear lier his tory is un con strained at pres ent, due to lack of age 
control on older rock units.

The ma jor mapped transcurrent faults in clude, from
north east to south west, the Grenville Chan nel and the
Lamp post, Salt La goon and Use less faults. All cor re spond
to strong top o graphic lin ea ments, and one is a ship ping
chan nel. Ex cept for the Grenville Chan nel fault, they are
de fined by out crop ping tectonite zones char ac ter ized by
well-de vel oped L-S fab rics, which com monly cul mi nate in
the de vel op ment of banded my lon ite. On ap proach ing the
west-north west-trending shear zones, the re gional
foliations pro gres sively be come more in tense and de flect
into par al lel ism; the sense of de flec tion sug gests sinistral
shear. The lineations in the tectonite com monly plunge
shal lowly to mod er ately, which, com bined with am ple
mesoscale shear-sense in di ca tors such as C-S struc tures,
shear bands, intrafolial drag folds with curviplanar ax ial
sur faces, asym met ric frag ments, boudins and tails around
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porphyroclasts, con sis tently in di cate sinistral transcurrent
shear (Figures 20–22), commonly with an oblique, normal
component.

The Grenville Chan nel fault is not ex posed on land
within the mapped area. Tectonite ex posed on the north -
east ern coast of Grenville chan nel shows strong rodding,
boudinage and lo cal de vel op ment of L>S fab rics. Shear-
sense in di ca tors are con sis tently sinistral (Figure 23).

Plunges of mylonitic lineations in the north west-
trending shear zones range from mod er ate to shal low north -
west, to less com monly mod er ate south east, sug gest ing a
com bi na tion of sinistral-nor mal and sinistral-re verse mo -
tion, with the oblique-nor mal mo tion be ing dom i nant. Fab -
rics are gen er ally much better de vel oped in the pre-Cre ta -
ceous meta mor phic units than in the plutonic rocks.
Whether this in di cates that there were ex ten sive pre-Cre ta -
ceous move ments on the faults, or whether the plutons were 
in truded late dur ing a sin gle ep i sode of Cre ta ceous sinistral
regional shear is not clear at present.

Our in ter pre ta tion of the tra jec tory of the Grenville
Chan nel fault (Fig ure 4) dif fers from that of Chardon et al.
(1999). In their in ter pre ta tion, it tracks straight onto north -
east ern Porcher Is land, where it con nects with the Lamp -
post fault. How ever, de tailed geo log i cal re la tion ships in di -
cate that the Lamp post fault, which forms the struc tural
bound ary be tween rocks of the Descon For ma tion and
Wales Group, is de flected south ward to merge with the Salt
La goon fault. We have cho sen in stead to curve the Gren -
ville Chan nel fault into Tele graph Pas sage, such that it ac -
quires a north erly strike. Such a fault tra jec tory is at trac tive
for two rea sons. First, such a struc ture ac com mo dates a log -
i cal break be tween the highly tectonized do main on the
main land from the less de formed and meta mor phosed
rocks to the west; for ex am ple, well-pre served crossbedded 
Karheen-equiv a lent sand stone on west ern Ken nedy Is land, 
im me di ately west of the Tele graph Pas sage, shows much
less strain. Sec ond, the north erly de flec tion of the fault mir -
rors that dis played by the foliations and major lithologic
contacts on the east side of Telegraph Passage.

The dom i nantly sinistral move ment on the fault zones
had a ma jor in flu ence on the re gional map pat terns shown
in Fig ure 4. The Use less fault off sets the Swede Point
pluton by sev eral kilo metres in a sinistral sense. The de flec -
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Fig ure 21. Sinistral clast asym me try in actinolite-chlorite schist
near Use less fault, north west ern Brit ish Co lum bia; rock ham mer
for scale.

Fig ure 23. Sinistral-sense asym met ric boudins in meta mor -
phosed fel sic vol ca nic rock, Kumealon In let, north west ern Brit ish
Co lum bia. The field of view is 2 m wide.

Fig ure 22. Sinistral en train ment of ear lier fo li a tion: look ing north -
east, ham mer head to the north west. Swede Point pluton and sep -
tum of Ogden Chan nel metadiorite, next to the Use less fault along
Ogden Chan nel, Brit ish Co lum bia; rock ham mer for scale.

Fig ure 20. Sinistral off set on granodiorite sill (shown by ar rows)
within Wales Group metatuff near Salt La goon fault, Oona River,
north west ern Brit ish Co lum bia. The left-hand dike is 10 cm wide.



tion of the Grenville Chan nel fault from a north west erly to
north erly trend is in ter preted as a re strain ing bend in the
over all fault ar ray. The north east-trending fold out lined by
strata on Gib son and Marrack is lands (Fig ure 4) could rep -
re sent short en ing as so ci ated with the for ma tion of the re -
strain ing bend. The de flec tion of the Lamp post fault may
rep re sent a smaller-scale re strain ing struc ture as so ci ated
with the Tele graph Pas sage bend. Map ping sug gests that
the Lamp post fault and ad ja cent units are cut off by the Salt
La goon fault. A sec ond block with north erly in ter nal
foliations is seen south west of the Use less fault. Its south -
west ern bound ary is the Kitkatla shear zone, a ma jor
sinistral fault lo cated south west of Kitkatla In let, out side of
the map area, de scribed by Chardon et al. (1999). This may
rep re sent a sec ond re strain ing bend within the fault sys tem.
This block is in vaded by large, unfoliated Cre ta ceous
plutons, the Cap tain Cove and West Porcher plutons. Al -
though these bod ies are cut off by the Kitkatla shear zone
(Chardon et al., 1999; But ler et al., 2006), they are
postkinematic to fo li a tion de vel op ment and their de flec tion 
within the block, sug gest ing that most of the motion
accommodated by this fault predates emplacement of the
plu tons.

BARRETT ISLAND SHEAR ZONE

The Barrett Is land shear zone is well ex posed within
the metasedimentary unit of the Wales Group on the north
coast of Porcher Is land, be tween the Salt La goon fault and
the De vo nian (?) Swede Point pluton. The metasedimen -
tary unit com prises metagreywacke, phyllite, bi o tite schist,
mar ble, am phi bo lite and mi nor quartz ite. These rocks dis -
play a well-de vel oped trans po si tion fo li a tion with abun -
dant interfolial folds. They are in struc tur ally mod i fied in -
tru sive con tact with the Swede Point pluton, a coarse-
grained bi o tite grano diorite to diorite with a strong
protomy lonitic fo li a tion de fined by the align ment of wispy
bi o tite around plagioclase porphyro clasts. Tight to iso cli -
nal folds are cut by both undeformed and mylonitized
dikes,  sug ges t  ing that  p luton em place  ment  was
synkinematic (Fig ure 24a).The shear zone is a dis tinct 80–
100 m wide duc tile de for ma tion zone, char ac ter ized by
abun dant tight to iso cli nal, mac ro scopic folds with am pli -
tudes rang ing from 0.25 to 2 m, lo cally greater than 5 m and
well-de vel oped fo li a tion and lineation. The deformational
style is lithologically con trolled, with car bon ate units con -
tain ing well-de vel oped, large-am pli tude re folded iso cli nal
folds (Fig ure 24b), whereas de for ma tion within the
plutonic unit is char ac ter ized by dis crete my lon ite zones.

Struc tural anal y sis of fo li a tion, linea tion and folds
con strains fault ki ne mat ics. The pri mary fo li a tion, par al lel
to transposed compositional lay er ing within the met ased -
imentary units, strikes north west and dips mod er ately
north east (Fig ures 24c, d). The ma jor ity of in ter sec tion
lineations have an ap prox i mate downdip plunge with a
slight north west erly bias, sup port ing ap prox i mately dip-
par al lel to sinistral-nor mal oblique mo tion on the shear
zone (Fig ure 24c). Sinistral oblique sense of shear is shown
by asym met ric tails on ro tated porphyroblasts (Fig ure 24e). 
Fold axes of mac ro scopic, tight to iso cli nal folds gen er ally
plunge downdip (Fig ure 24d). All ob served asym met ric
folds have a coun ter clock wise sense of vergence, also sug -
gest ing oblique sinistral shear; al though they were prob a -
bly ro tated into the di rec tion of tec tonic trans port par al lel to 
L1 stretch ing lineations (Fig ure 24b). The age of de for ma -
tion will be con strained by geo chron ol ogi cal anal y sis of

both the pluton and a mylonitized dike cross cut ting F1 folds 
(Fig ure 24a). If the Swede Point pluton is Pa leo zoic, as sug -
gested by the pre lim i nary U-Pb date of van der Heyden
(1989), then this shear zone re tains the re cord of much ear -
lier de for ma tion than the main, Early Cre ta ceous, sinistral
event. The highly elon gated shape of the pluton (Fig ure 4)
may have been due to em place ment into an ac tive shear
zone.

FOLIATIONS, LINEATIONS AND FOLDS

The ef fects of strong de for ma tion, al though not as in -
tense as within the shear zones, are nev er the less seen
through out pre-Cre ta ceous units of the map area. Trans po -
si tion of compositional lay er ing into fo li a tion is nearly uni -
ver sal, the sole ex cep tions be ing the Karheen For ma tion on
Ken nedy Is land, and parts of the Descon For ma tion on
north east ern Porcher Is land, where bed ding-cleav age re la -
tion ships are seen. The Wales Group on Elliott and Lewis
is lands shows intrafolial isocline de vel op ment. Iso cli nal
fold ing is par tic u larly well de vel oped in in ter vals of thin-
lay ered mar ble and metatuff. Here, the con trast in
deformational styles be tween Wales and Descon rocks is
in ter preted as be ing due to the Wales orog eny (Gehrels and
Saleeby, 1987). Far ther east on the main land coast, de for -
ma tion is clearly youn ger, as the Pa leo zoic (?) Kumealon
mar ble unit is in volved in iso cli nal fold ing. Tonalitic dikes
and sills that cut diorite in the Ogden Chan nel Com plex are
tightly folded in some places. They are in ter preted as rel a -
tively fel sic com po nents of the orig i nal in tru sive com plex.
There fore, the deformation could have been as old as the
protolith, or as young as Early Cretaceous.

Mesoscopic folds are un com mon in the area. The Des -
con For ma tion on north east ern Porcher Is land is folded into 
an open syncline be tween the Lamp post and Salt La goon
faults. Wales Group (?) units near Stu art An chor age on the
north east ern coast of Pitt Is land form a tight, up right
anticline. The two mar ble ex po sures in Kumealon In let are
in ter preted as synformal keels. In Baker In let, Mansfield
(2004) mapped sec ond-phase folds in volv ing pan els of
metaplutonic and meta vol can ic/metasedimentary rock. As
noted in the dis cus sion of sinistral faults, the panel im me di -
ately north east of the Grenville Chan nel fault near Kum -
ealon and Baker in lets is an L-S tectonite that de fines the
core of a re gional fold that de vel oped dur ing sinistral mo -
tion on the Grenville Chan nel fault. Karheen-equiv a lent
strata oc cur in its core, indicating that it is a syncline.

Al though both mod er ately plung ing and shal low min -
eral and stretch ing lineations are ob served in the ma jor
shear zones, in other ar eas mod er ate plunges are both to the
north west and to the south east; this may in di cate fold ing of
an ear lier set of lineations.

Metamorphism

Meta mor phic grades and his to ries in the Porcher Is -
land–Grenville Chan nel area are to some ex tent unit spe -
cific. There are also re gional meta mor phic gra di ents due to
the lo ca tion of this area on the west ern flank of the Coast
Moun tains orogen. The com plex vari a tions in meta mor -
phism are prob a bly due to the com bined ef fects of Pa leo -
zoic events and Cre ta ceous dynamothermal overprinting.

The Wales Group, the in ferred old est supracrustal unit
in the area, dis plays a vari able meta mor phic char ac ter that
prob a bly re sulted from sev eral stages of re gional meta mor -
phism. On east ern and north ern Porcher Is land, the Wales
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Fig ure 24. Barrett Is land shear zone, north west ern Brit ish Co lum bia: a) Swede Point dikelet cuts
isoclinally folded Wales Group schist and am phi bo lite; rock ham mer for scale; b) re folded isoclines in
lam i nated mar ble/metatuff; rock ham mer for scale; c) stereonet plot of S1 (great cir cles) and L1 stretch -
ing lineations; d) stereonet plot of S1 (great cir cles) and F1 iso cli nal fold axes; e) ro tated (d-shaped) clast, 
show ing oblique-sinistral sense of shear. The ar row is 10 cm long.



Group is at mid dle-am phi bo lite grade. In ter me di ate and
mafic rocks con tain as sem blages of blue-green pleochroic
hornblende, plagioclase, brown or less com monly green bi -
o tite, ti tan ite and quartz, with cummingtonite in some lo -
cal i ties. This stands in strong con trast to greenschist meta -
mor phic as sem blages that are de vel oped in the Or do vi cian
McMicking pluton, and in struc tur ally jux ta posed Descon
strata. This early meta mor phism of the Wales Group is in -
ter preted to re flect the Cam brian–Or do vi cian Wales orog -
eny. It has also been af fected by ex ten sive synkinematic ret -
ro grade meta mor phism, both on north ern Lewis Is land and
on north east ern Porcher Is land near the Lamp post fault.
The chlorite schist and ret ro graded am phi bo lite on Lewis
Is land are cut by the McMicking pluton (Fig ure 18).
Hornblende garbenschiefer and spongy, postkinematic gar -
nets show static ther mal meta mor phism re lated to its em -
place ment. Ret ro grade meta mor phism in rocks sit u ated
along the Lamp post fault, on the other hand, is probably
related to exhumation during late motion on the Lamppost
fault.

The Wales Group in the Stu art An chor age area con -
tains a num ber of as sem blages de vel oped in highly vari able 
tuffaceous, siliciclastic and pos si ble ex ha la tive protoliths.
The mag ne tite iron for ma tions con sist of laminae or bands
of mag ne tite interlayered with hornblende-plagioclase and
in some cases epidote. The hornblende is dark for est green,
per haps ev i dence of a more iron-rich com po si tion, com -
pared to the blue-green pleochroism that is com mon else -
where. In some cases, ti tan ite man tles mag ne tite, sug gest -
ing that the mag ne tite grains were not of late-ki ne matic,
con tact skarn-re lated or i gin. In this unit, there is also schist
that con tains as sem blages of pink-vi o let pleochroic
manganoan zoisite and axinite (?) with quartz, plagioclase,
bi o tite and opaque min er als: these could be meta mor -
phosed calcareous exhalite.

Meta mor phic grade in the Wales Group in creases to
the east and south across the Grenville Chan nel to wards the
core of the Coast Moun tains orogen. Gar net am phi bo lite
oc curs in Kumealon and Baker in lets, as well as along the
ad ja cent main land coast. A few in stances of sillimanite
were found on the shores of these in lets, in as sem blages
with red-brown bi o tite, plagioclase, orthoclase, mus co vite
and quartz, in meta mor phosed fel sic hosts. Wolf et al.
(2009) re ported a mid-Cre ta ceous (108–102 Ma) Lu-Hf
age on syntectonic gar net growth in this area. This age is
slightly youn ger than the ex ist ing con straints on shear zone
move ment far ther west (114–106 Ma; But ler et al., 2006),
and sup ports the in ter pre ta tion that all of the rocks in the
map area were in volved as a se ries of pan els in mid-Cre ta -
ceous sinistral shearing and transpression.

Mafic to in ter me di ate orthogneisses of the Ogden
Chan nel Com plex all con tain as sem blages of am phi bo lite
to epidote am phi bo lite fa cies. They are truly orthogneisses,
in the sense that pri mary mafic min er als are oblit er ated; not
even rel ict crys tal out lines re main. In stead, clumps of
coarse, idiomorphic, meta mor phic hornblende ap prox i -
mate the lo ca tions of in di vid ual orig i nal grains. Ar eas
within these ag gre gates pop u lated with dense masses of
tiny opaque min er als are prob a bly orig i nal clinopyroxenes; 
the clearer ar eas are prob a bly af ter ig ne ous hornblende.
Nor mal-zoned plagioclases have been recrystallized to
finer grain sizes, ex cept for re main ing porphyroclasts.
Many of the Ogden Chan nel orthogneiss sam ples con tain
clear, well-formed epidote crys tals, which ap pear to have
grown in equi lib rium with hornblende, calcic plagioclase,

bi o tite, ti tan ite and mag ne tite. Protomylonitic foliations
within the com plex have been over printed by re gional
meta mor phic recrystallization: this indicates an early (pre-
peak metamorphism) episode of shearing.

The screens of pre-orthogneiss metasedimentary,
meta vol can ic and meta-in tru sive rocks within the com plex, 
also at am phi bo lite grade, con sist of hornblende-plagio -
clase as sem blages in metatuff, bi o tite–quartz–plag -
ioclase±gar net in pelitic rocks and di op side±clinozoisite in
calcsilicate rocks.

The De vo nian (?) Swede Point pluton, which in trudes
the Ogden Chan nel orthogneiss, has been meta mor phosed
to epidote to pos si bly gar net am phi bo lite grade: epidote
and in some cases gar net porphyroblasts seem to grow in
equi lib rium with meta mor phic hornblende. The body is
also protomylonitic, per haps due to its prox im ity to the
Use less fault. Com pared to the sur round ing orthogneiss, it
dis plays ig ne ous ar ti facts such as plagioclase pheno crysts.
The orthogneiss com plex un der went an ep i sode of meta -
mor phism and de for ma tion prior to the in tru sion of the
Swede Point pluton; at some later time both were sheared
and meta mor phosed in epidote am phi bo lite fa cies in a
higher pres sure–lower temperature environment than the
Wales Group.

The Descon For ma tion on north east ern Porcher Is -
land, the Si lu rian (?) pluton that in trudes it and most of the
McMicking pluton con tain greenschist-fa cies meta mor -
phic as sem blages of chlorite, epidote and actinolite; orig i -
nal plagioclases have been albitized and are spot ted with
saussurite and seri cite. These rocks are also much less de -
formed than the Wales Group and the Ogden Chan nel Com -
plex. The Descon For ma tion shows a trans po si tion fo li a -
tion along the east ern coast of Porcher Is land, but with
pres er va tion of protolith tex tures such as clasts and pheno -
crysts. Far ther to the west, the fo li a tion is very weak, except 
within discrete shear zones.

Far thest west, the Billy Bay Com plex shows am phi bo -
lite, greenschist-am phi bo lite tran si tional, pos si ble epidote-
am phi bo lite, and strong ret ro grade greenschist as sem -
blages, all de vel oped at high strain rates. It is lower grade
than the Ogden Chan nel Com plex, but higher grade than
the Descon For ma tion, to which it is in ferred to form the
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Fig ure 25. Py ritic quartz veins from near the Surf Point adit, north -
west ern Brit ish Co lum bia; pen knife for scale.



subvolcanic roots. Its am phi bo lite grade may rep re sent
com par a tively deep crustal lev els dur ing the same meta -
mor phic event; or a later meta mor phism re lated to
proximity to the Kitkatla shear zone.

MINERAL OCCURRENCES AND
MINERAL POTENTIAL

Two ma jor types of me tal lic min eral de pos its are well
rep re sented and/or in di cated in the north coastal re gion of
BC. A sig nif i cant past gold pro ducer with sub stan tial cur -
rent re serves, the com bined Surf Point–Edye Pass mines,
are lo cated on north west ern Porcher Is land (Fig ures 1, 4).
More re gion ally, Prince of Wales Is land in south east ern
Alaska is well known for its VMS de pos its, as is the Ecstall
min eral belt in the Coast Moun tains, east of the pres ent map 
area (Alldrick, 2001; Alldrick et al., 2001). The Prince of
Wales de pos its, in clud ing the Niblack (Fig ure 1), are
hosted by rocks of the south ern Al ex an der terrane (Ayuso
et al., 2005; Slack et. al., 2005). The pres ent map area lies
within the south ern ex ten sion of this belt. This ob ser va tion, 
along with the pres ence of lo cal fa vour able rock types, al -
ter ation pat terns, and pros pects and show ings, sup ports the
po ten tial for VMS-style deposits in the Alexander terrane
of coastal BC.

Surf Point–Edye Pass Mines

The Surf Point and Edye Pass mines were in op er a tion
be tween 1919 and 1939, when they pro duced 61 567 t of
ore, yield ing 639 914 g Au, 225 994 t Ag and 4161 kg Cu
(BC Geo log i cal Sur vey, 2009; MINFILE 103J  017; Fig -
ures 1, 4). The orebodies are a set of pyritiferous quartz
veins hosted in a north east erly zone of frac tur ing and weak
brit tle shear ing within an undeformed Cre ta ceous stock
that un der lies the west ern part of the Bell Range (Fig ure 4).
The Surf Point and Edye Pass adits are lo cated about 1 km
apart along this trend. Ex plo ra tion work in 1979–1980 by
Banwan Gold Mines ex tended the Edye Pass adit 1 km
south west be low the Surf Point work ings (Scott, 1997).
Work on the de posit by Ca the dral Gold Cor po ra tion re -
sulted in the dis cov ery of the AT zone, about 50 m west of
adit no 4 por tal. Min er al iza tion is per sis tent to a depth of
550 m and re mains open. The zone also re mains open along
strike. Based on 66 holes to tal ling 12 192 m, the AT zone
con tains 544 300 t of in di cated re serves grad ing 6.86 g/t
Au, plus an ad di tional 816 500 t of in ferred re serves at the
same grade. (pre NI 43-101; Anon y mous, 1997; Scott,
1997) Prop erty own er ship is cur rently split be tween Im pe -
rial Met als Cor po ra tion and the for mer Cross Lake Min er -
als. The un der ground work ings are in good con di tion, the
trail and board walk con nect ing the work ings have been re -
ha bil i tated, and there is a well-maintained exploration
camp located near tidewater next to the Edye Pass adit.

The zone host ing the two mines and as so ci ated show -
ings dis plays a 20° (north-north east erly) struc tural trend.
Its north east ern end abuts against a zone of strong duc tile
shear ing ex posed along the shore near the Edye Pass mine.
This zone could be a splay of the Use less fault (Fig ure 4).
Through out the rest of its length, hostrocks are undeformed 
and un al tered granodiorite and tonalite. The veins them -
selves are py ritic quartz (Fig ure 25). They have nar row
selvages of seri cite-chlorite al ter ation in the host
granodiorite. In di vid ual veins, well-ex posed in the roof
and floor of the Surf Point adit, range in thick ness from 5 to
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Fig ure 26. Py ritic, si li ceous quartz-seri cite schist (meta mor -
phosed al tered rhy o lite) in Wales Group near Moore Cove, north -
west ern Brit ish Co lum bia. The field of view is 3 m wide.

Fig ure 27. Layer of mag ne tite in thinly lam i nated Wales Group
metatuff, north east ern Porcher Is land, north west ern Brit ish Co -
lum bia; rock ham mer for scale.

Fig ure 28. Mag ne tite lami na tions in si li ceous, iron-rich metatuff,
Wales Group, Stu art An chor age, north west ern Brit ish Co lum bia;
pen cil for scale.



30 cm, and ap pear to be con tin u ous over up to a few tens of
metres. Their strikes are some what more north east erly than
the over all trend of the min er al ized zone (40–90°; 2009 ob -
ser va tions and MINFILE 103J  017). Lat est mo tion on their
en clos ing sur faces was transcurrent, as shown by gently
plung ing slickenlines and chlorite streaks. The north east -
erly ori en ta tion of the con trol ling struc ture is con sis tent
with a zone of ex ten sion re lated to late dextral motion on
the northwesterly bounding faults.

In sum mary, the Porcher Is land gold mine shows con ti -
nu ity of min er al iza tion and grade over 1 km in strike
length; it has a con sid er able un mined re source and po ten -
tial for ex pan sion. The lack of con ti nu ity of in di vid ual
veins and the re sult ing wallrock di lu tion im pacts its
mineable grade at pres ent; how ever, larger in di vid ual veins
may be found, and the po ten tial for stockwork-style bulk
mineable tar gets of fers in ter est ing possibilities to future
explorers.

Indications of Volcanogenic Potential:
Quartz-Sericite Schist and Iron Formation

The idea of pro ject ing Pa leo zoic and older volcano -
genic po ten tial south from south east ern Alaska into far
north west ern BC is not new to this pro ject. It gen er ated a
few in dus try pro jects in the 1980s and early 1990s (cf.
Franzen, 1984; Bohme, 1993), and has in trigued some gov -
ern ment ge ol o gists (P. Wojdak and M. Mihalynuk, pers
comm, 1990–2007). Un til now, how ever, no de tailed, sys -
tem atic geo log i cal work has been done to test the rel e vant
rock cor re la tions and document likely hostrocks.

We have de scribed here mixed vol ca nic suc ces sions
as signed pro vi sion ally to both the Wales Group (Neopro -
terozoic–Cam brian) and Descon For ma tion (Or do vi cian–
Early Si lu rian). Both of them are dom i nated by an de site
volcaniclastic protoliths with mi nor rhy o lite, dacite and ba -
salt. Lam i nated tuff se quences are in dic a tive of pri mar ily
sub aque ous de po si tion. Some of the dacite is lensoid in
shape and forms bod ies that are typ i cally 100–300 m thick
and up to 1 km long with co her ent tex tures in clud ing
aphyric and quartz phyric. These prob a bly orig i nated as
domes or cryptodomes at small vol ca nic cen tres. Fel sic tuff
forms dis crete beds in the metre to decimetre range, as well
as sets of laminae in dom i nantly an de site volcaniclastic se -
quences. These rocks are over all plau si ble as hosts for
Kuroko-style volcanogenic occurrences.

More spe cific in di ca tors of VMS en vi ron ments were
noted, all of them within rocks as signed to the Wales
Group. Near Moore Cove on the east ern side of Tele graph
Pas sage, there are a num ber of small bod ies of quartz-seri -
cite schist, py ritic quartz-seri cite schist and meta mor -
phosed si lici fied rhy o lite (Fig ures 4, 26). This se quence
passes east ward into a metasedimentary pack age that in -
cludes an un usual mag ne tite-rich metachert, possibly an
iron formation.

Stratabound, stratiform mag ne tite oc curs at a num ber
of widely scat tered sites along the north east ern side of
Porcher Is land im me di ately north east of the Lamp post
fault, and on the east ern side of Pitt Is land near Stu art An -
chor age (Fig ure 4). Two of these oc cur rences have been
pre vi ously doc u mented as MINFILE lo cal i ties: Royal
(MINFILE 103G  016) and Star (MINFILE 103J  031; Fig -
ure 1). The bod ies are con tin u ous over tens to hun dreds of
metres, en closed in highly strained metatuff. The Royal oc -
cur rence and its south ern ex ten sion lie im me di ately above a 

fel sic metatuff body (Fig ure 4). In di vid ual lay ers vary in
thick ness from tens of centi metres to a max i mum at the
Royal show ing of sev eral metres, which is in ter preted as a
thick ened fold ax ial zone. The most com mon min er al iza -
tion con sists of pure, fine-grained mag ne tite with shiny
grey spec u lar he ma tite part ings (Fig ure 27). Mag ne tite also 
forms fine laminae and blebs within metatuff (Fig ure 28).
Schist con tain ing manganoan zoisite and axinite oc curs in
as so ci a tion with the iron for ma tion in Stu art An chor age,
and also within the Oona River unit on the north east ern
shoul der of Pitt Is land. Be cause of its un usual com po si tions 
and as so ci a tion with fel sic metatuff and iron for ma tion, it is 
in ter preted as meta mor phosed exhalite. Epidote and
epidote-gar net metazones ac com pany the mag ne tite in a
few cases. Over all, how ever, calcsilicate rocks are mi nor
com pared to the mag ne tite, a fea ture atyp i cal of skarn as so -
ci a tions. Al though limy lay ers oc cur within the vol ca nic se -
quences, there is no mar ble in di rect as so ci a tion with the
mag ne tite bod ies. In stead, the tex ture of mag ne tite lam i -
nated in si li ceous, in ter me di ate tuff is more ame na ble to in -
ter pre ta tion as orig i nal stratabound ex ha la tive de pos its, as
op posed to metamorphic replacements. We consider these
to represent regional iron formation, and thus to be distal
indicators of sulphide-dominated volcanogenic deposits.

The best cur rently known ex am ple of such a de posit is
the Pit pros pect or Pitt/Trin ity prop erty (MINFILE
103H  066), lo cated on cen tral Pitt Is land 10 km south of the 
cur rent map area (Fig ure 1). This belt of VMS-style min er -
al iza tion was ex plored be tween 1980 and 1993 (Fig ure 2;
Lo, 1992; Bohme, 1993). As shown in the Fig ure 1 in set, it
is ap prox i mately on strike with the zone of stratabound
mag ne tite and meta mor phosed cal car e ous exhalite (?) on
east Porcher and east Pitt is lands. On the prop erty, a num ber 
of sep a rate show ings have been iden ti fied in two sep a rate
trends par al lel to re gional north west strike, within two
meta mor phic inliers that are interlayered with tab u lar Cre -
ta ceous in tru sive bod ies (Bohme, 1993). The Py rite Creek
trend is 1.7 km long; two other show ings (Pitt zone) lie
along strike 3 km to the north west. The B Creek zone is in a
sep a rate inlier 2 km to the north east. In both, py rite-rich
semimassive to mas sive sul phide bod ies are hosted by
meta vol can ic and metasedimentary rocks in clud ing quartz-
mus co vite schist, py ritic quartz-bi o tite schist and car bo na -
ceous argillite. True thick nesses are on the or der of 0.2–
1.6 m. Prin ci pal sul phide min er als are py rite, chal co py rite,
sphalerite, pyrrhotite, ga lena, covel lite and pos si bly
bornite; bar ite is in ferred based on val ues of 1.0–5.5% Ba in 
as says. Drill in ter sec tions of the Py rite Creek zone re turned 
0.94–2.2% Cu, 0.41–1.2% Pb and 1.5–4.9% Zn over 2 m
widths. Reported values of precious metals are low
(Bohme, 1993).

In sum mary, the Pitt/Trin ity VMS-style sul phide
trends are of in ter est be cause of their sig nif i cant ex tent
along re gional strike. This area is tar geted for de tailed map
cov er age in year 3 of the north coast pro ject, in 2011.

Other Showings

We ex am ined the Etta show ing (MINFILE 103J  027;
Fig ure 1) near Hunt In let to eval u ate the type of min er al iza -
tion pres ent. Patchy zones of epidote skarn that con tain
scat tered py rite, chal co py rite and sphalerite con cen tra tions 
oc cur in greenschist-grade an de site pyroclastic hostrock
near and at a con tact with lime stone. A sur face sam ple as -
sayed 8.0% Zn, 0.11% Cu and 1.37 g/t Ag (Freberg, 1974).
The ex po sure was trenched and drilled in 1974, al though no 
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as say val ues were re ported (Freberg, 1974); some of the
core is still on site. In the north ern part of Porcher Is land,
meta vol can ic and metasedimentary rocks as signed to the
Descon For ma tion are in truded by nu mer ous dikes and
plugs too small to map. Hornfelsing is com mon and the
large Spiller Range pluton out crops sev eral kilo metres to
the south. The Jifney Etta small past pro ducer (MINFILE
103J  028), the Por show ing (MINFILE 103J  023) and
other small skarn show ings (not lo cated) are sim i lar to Etta.
All of them are prob a bly best in ter preted as skarns as so ci -
ated with small limestone bodies in the Descon volcanic-
sedimentary sequence.

DISCUSSION

Significance of New Porcher Island/
Grenville Channel Results for
Understanding the Southward Extension of
the Alexander Terrane

The Al ex an der terrane south of the BC-Alaska bor der
is now better un der stood. The de tailed field map ping of this 
pro ject in 2009 fol lows up the ear lier in ti ma tions of Gehrels 
and Boghossian (2000) and Gehrels (2001) that in di vid ual
map units of the Al ex an der terrane can be traced and cor re -
lated from south east ern Alaska into the north ern and even
cen tral coastal ar eas of BC. We can with some cer tainty rec -
og nize the Wales Group on and near Porcher Is land, as a de -
formed meta vol can ic se quence in truded postkinematically
by the ca. 482 Ma McMicking pluton. The ex is tence of a
less-de formed and less-meta mor phosed Descon For ma tion 
on north ern Porcher Is land has been pro posed. Fel sic units
both within the pre sumed Wales and Descon units have
been col lected for U-Pb dat ing—be cause at least some of
the am phi bo lite-grade meta mor phism in this area is of Cre -
ta ceous age, it fol lows that more cer tain in di ca tors than the
rel a tive de gree of meta mor phism and de for ma tion must be
used. The meta mor phosed Ogden Chan nel and Billy Bay
com plexes may be in tru sive equiv a lents of the Wales and
Descon supracrustal units. This also will be tested by U-Pb
geo chron ol ogy. Other plutons that have been in ter preted as
Pa leo zoic—the Hunt In let and Swede Point bod ies—will
also be dated. Fi nally, equiv a lents of the De vo nian Karheen 
For ma tion are now known to oc cur on Ken nedy Is land and
on the main land coast, as shown by sedimentological ob -
ser va tions and de tri tal zir con geo chron ol ogy. The con tin -
ued un rav el ling of Al ex an der terrane stra tig ra phy and
history will provide a useful context for geological studies
and regional mineral exploration in this area.

Regional Significance of Cretaceous
Sinistral/Oblique Faults

The newly iden ti fied Salt La goon, Use less and Lamp -
post faults on Porcher Is land, along with the Grenville
Chan nel, Kitkatla and Prin cipe-Laredo faults (Chardon et
al., 1999), de fine a re gime of large-scale, Early to mid-Cre -
ta ceous sinistral dis place ments within the coastal re gion of
BC. It has been in ter preted as the cause of ap par ent du pli ca -
tion of the Late Ju ras sic to Early Cre ta ceous proto-Coast
Moun tains arc (Gehrels et al., 2009), and clo sure of the
Tyaughton Ba sin in the south ern Coast Moun tains (Mon ger 
et al., 1994). Es ti mated to tal dis place ment across this zone
was at least 800 km. Prior to this event, but af ter mid-Ju ras -

sic ac cre tion to Stikinia and the outer Yu kon-Tanana ter -
rane, the south ern Al ex an der terrane of Porcher Is land may
have lain at the lat i tude of the pres ent-day west ern Yu kon,
across the Denali fault from the Kluane schist and Nisling
terrane. Tra jec to ries of the re gional sinistral faults have not
yet been traced with cer tainty into south east ern Alaska, in
large part be cause of the mask ing ef fects of later dextral
structures such as the Denali fault.

New Mineral Potential Outlined in this
Project

De formed and meta mor phosed vol ca nic se quences in
the Grenville Chan nel–east ern Porcher Is land area con tain
geo log i cal fea tures that are in dic a tive of the ex is tence of
syngenetic sub ma rine hot-spring sys tems. These in clude
many small rhy o lite and dacite vol ca nic cen tres; lo cal
premetamorphic clay sericitization and sili ci fi ca tion of
rhy o lite; mag ne tite iron for ma tion, and metachert with
mag ne tite, sulphides, manganoan zoisite and axinite that
we in ter pret as meta mor phosed exhalite. Al though no new
sul phide show ings were found in 2009, it is con sid ered
highly en cour ag ing that ex ten sive volcanogenic min er al -
iza tion has been iden ti fied on the Pit prop erty, lo cated on
Pitt Is land 10 km to the south along strike from the zone of
stratabound mag ne tite on east Porcher and east Pitt is lands.
The pres ence of mag ne tite iron for ma tion makes re gional
air borne mag ne tom e ter sur veys a po ten tially ef fec tive and
cost-ef fec tive tool in locating targets in the generally
vegetation-covered interiors of the islands.

Future Research Directions and Mapping
Plans

Map ping in 2010 for the north coast pro ject will tar get
the south ern most part of the belt of Al ex an der ex po sures
west of Bella Coola. This area has the sec ond high est per -
cent age of Pa leo zoic ex po sures in the belt, af ter Porcher Is -
land. By that time, data pro vided by U-Pb and geo chem i cal
stud ies at the Uni ver sity of Wis con sin at Eau Claire and the
Uni ver sity of Ar i zona will help to guide our de vel op ing un -
der stand ing of the south ern Al ex an der terrane, its re la tion -
ship to better-known ex po sures in Alaska and its po ten tial
to host as-yet-undiscovered metallic deposits.

SUMMARY AND CONCLUSIONS

The north coast pro ject can list the fol low ing ac com -
plish ments af ter its first year of op er a tion:

· Com ple tion of geo log i cal map cov er age of an area of
30 by 50 km, in clud ing Porcher Is land, the ad ja cent
main land coast and smaller is lands in be tween.

· Rock units of the Al ex an der terrane of south east ern
Alaska can be traced into north west ern BC, in clud ing
those that are known to host VMS min er al iza tion.

· Geo log i cal in di ca tors of VMS-style sys tems oc cur in
two trends, one on north east ern Porcher Is land and,
off set across the Salt La goon fault, on north east ern Pitt 
Is land; the other east of the Grenville Chan nel fault on
the main land coast east of Tele graph Passage.
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Quaternary Geology and Till Geochemistry of the Nadina River Map Area
(NTS 093E/15), West-Central British Columbia

T. Ferbey

KEYWORDS: Tahtsa Lake dis trict, Qua ter nary ge ol ogy,
surficial map ping, till geo chem i cal sur vey, till geo chem is -
try, trace-el e ment geo chem is try, heavy min er als, gold grain 
counts, por phyry Cu, por phyry Cu-Mo, polymetallic vein,
volcanogenic massive sulphide

INTRODUCTION

The Tahtsa Lake dis trict has high po ten tial to host new
por phyry Cu±Mo and polymetallic vein-style (in clud ing
Au) min er al iza tion. Cen tred on Tahtsa Lake (ap prox i -
mately 100 km south of Hous ton, Brit ish Co lum bia; Fig ure
1), this dis trict, and ar eas im me di ately ad ja cent to it, have a
rich min eral ex plo ra tion his tory and at pres ent host a pro -
duc ing por phyry Cu-Mo mine (Huck le berry mine) and nu -
mer ous de vel oped Cu±Mo pros pects (e.g., Berg, Lucky
Ship, Whit ing Creek; Mac In tyre, 1985). This dis trict also
hosts epi ther mal vein and per haps volcanogenic mas sive
sul phide (VMS)–style min er al iza tion, as sug gested by past
pro duc ers such as Eq uity Sil ver and Em er ald Gla cier (Mac -
In tyre, 1985; MacIntyre et al., 2004; Alldrick et al., 2007;
Figure 2).

Cur rently there are large ar eas of unstaked ground
within, and ad ja cent to, the north ern and north east ern por -
tion of the Tahtsa Lake dis trict. Much of this area is cov ered
with gla cial drift and con tin u ous bed rock out crop is lim ited
to the higher peaks and their steep flanks. Till geo chem i cal
sur veys are an ef fec tive method for as sess ing the me tal lic
min eral po ten tial of ar eas cov ered with gla cial drift and are
ide ally suited to as sess ing the po ten tial for new min er al iza -
tion in this area. Till geo chem i cal sur veys are also well
suited for fol low ing up on air borne geo phys i cal data re -
cently ac quired by Geoscience BC for the QUEST-West
Pro ject area (Kowalczyk, 2009), where drift can cover
electrically anomalous bedrock.

A two-year Qua ter nary ge ol ogy and till geo chem is try
pro gram is cur rently un der way within the north ern por tion
of the Tahtsa Lake dis trict, and ad ja cent ar eas (NTS map ar -
eas 093E/15, 16, 093L/01, 02; Fig ure 2). The ob jec tives of
this pro gram are to

1) char ac ter ize and de lin eate the Qua ter nary ma te ri als
that oc cur in the study area and re con struct the re gion’s 
gla cial and ice-flow his tory; and

2) as sess the eco nomic po ten tial of cov ered bed rock
(subcrop) by con duct ing till geo chem is try surveys.

The study area falls within the moun tain pine bee tle–
im pacted zone and Geoscience BC’s QUEST-West Pro ject
area. The goal of this pro ject is to pro vide to the min eral ex -
plo ra tion com mu nity high-qual ity, re gional-scale, geo -
chem i cal data that will help guide ex plo ra tion ef forts. In te -
grat ing in ter pre ta tions of these data with other geo chem i cal 
and geo phys i cal data be ing col lected by Geoscience BC in
the QUEST-West Pro ject area, and his toric data that have
been col lected by the Brit ish Co lum bia Geo log i cal Sur vey
(BCGS) and the Geo log i cal Sur vey of Can ada (GSC), will
pro vide a pow er ful tool for companies exploring in this
drift-covered area.

The fo cus of this pa per is surficial ge ol ogy map ping
and the sam pling com po nent of a till geo chem i cal sur vey
com pleted within the Nadina River map area (NTS
093E/15) dur ing the 2009 field season.

STUDY AREA

The study area is lo cated in west-cen tral BC, ap prox i -
mately 100 km south west of Hous ton, in NTS map area
093E/15 (Fig ures 1, 2). It is ac ces si ble by For est Ser vice,
pri vate and aban doned mine and min eral ex plo ra tion roads. 
Qua ter nary sed i ments were stud ied in de tail within NTS
093E/15 while a re gional-scale gla cial his tory and ice-flow
study was con ducted within NTS 093E/15 and 16. The pri -
mary ob jec tive of this year’s till geo chem is try sur vey is to
as sess the min eral po ten tial of NTS 093E/15. To do this, ad -
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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.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

Fig ure 1. Lo ca tion of study area in west-cen tral Brit ish Co lum bia.
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Fig ure 2. Study area in clud ing lo ca tions of min eral oc cur rences, west-cen tral Brit ish Co lum bia. Also shown are lo ca tions of till sam ples col lected dur ing the 2009 field sea son.



di tional till sam ples were col lected within por tions of NTS
093E/11, 14 and 16 to take into ac count the study area’s
complex ice-flow history.

The ma jor ity of the study area is sit u ated in the Ne -
chako Pla teau, a sub di vi sion of the In te rior Pla teau. The
Nechako Pla teau is an area of low re lief with flat or gently
roll ing to pog ra phy (within the study area, 880–944 m asl)
most of which is cov ered by a pack age of gla cial sed i ments
(Fig ure 2; Hol land, 1976). Al though bed rock out crop is rel -
a tively un com mon, some ex po sures can be found at the
stoss (i.e., up-ice) end of crag-and-tail forms, along lake
shore lines, on higher ground within Shel ford (1494 m asl)
and Mos quito (1402 m asl) hills, and on lo cal small-scale
ero sional rem nants that stand above the pla teau sur face to
the west and north west of Shel ford Hills (Fig ure 3). Bed -
rock out crop can also be found in the up per reaches of the
Nadina River val ley and within roadcuts as so ci ated with
newly con structed for estry roads. The very south west cor -
ner of the study area is sit u ated in the Tahtsa Ranges, a
north west-trending belt of nongranitic moun tains that
range in el e va tion from 2100 to 2431 m asl (Hol land,
1976). These moun tains are sit u ated be tween the Nechako
Pla teau to the east and the Coast Moun tains to the west.
While the ma jor ity of hills and moun tains within the
Nechako Pla teau are for ested, the Tahtsa Ranges extend up
into subalpine and alpine environments.

Small lakes are com mon within the study area and can
be in ter con nected form ing lake chains. The larg est lake
within the study area is Ootsa Lake, which is part of an in -
ter con nect se ries of large lakes (i.e., Tahtsa, Ootsa,
Whitesail, Eutsuk, Tetachuk, Natalkuz lakes) that make up
the Nechako Res er voir. Nadina River flows in an arc
through the north-cen tral part of the study area, con nect ing
Nadina Lake to Francois Lake, and is the larg est river in the
study area.

BEDROCK GEOLOGY

The bed rock ge ol ogy of the study area was first de -
scribed and mapped by Hed ley (1935) and was in cluded in
sub se quent map ping by Duffell (1959). The main geo log i -
cal sub di vi sions found in the study area, as sum ma rized
from Woodsworth (1980), Mac In tyre (1985), Mac In tyre et
al. (1994) and Diakow (2006), are as fol lows. The Tahtsa
Lake dis trict lies within the Stikine terrane, just east of the
Coast Crys tal line Belt (Mon ger et al., 1991). The west ern
part of the study area is un der lain mainly by Early to Mid dle 
Ju ras sic Hazelton Group vol ca nic and sed i men tary rocks
(Fig ure 4). In places, these rocks are un con form ably over -
lain by Early Cre ta ceous Skeena Group ma rine sed i men -
tary rocks and lo cal ba salt to an de site flows. These rocks
are in turn un con form ably over lain by fel sic pyroclastics,
fel sic flows and youn ger ba saltic flows of the Early to Late
Cre ta ceous Kasalka Group vol ca nic rocks. Small- to
medium-sized, Late Cre ta ceous to Early Ter tiary stocks
have in truded these vol ca nic piles and sed i men tary pack -
ages. Else where in the re gion, there is a strong pos i tive re la -
tion ship be tween the lo ca tion of in tru sive rock types (in
par tic u lar por phy ritic in tru sions like those of the Late Cre -
ta ceous Bulkley suite) and the locations of Cu, Mo, Au, Pb,
Zn and/or Ag mineralization (Carter, 1981; MacIntyre,
1985).

In the most east ern part of the study area, Eocene Ootsa 
Lake Group fel sic to mafic vol ca nic rocks dom i nate. Youn -
ger, and less wide spread, Eocene to Lower Mio cene
Endako Group ba saltic and al ka line vol ca nic rocks do also
oc cur lo cally. An ap prox i ma tion of the ar eal ex tent of Qua -
ter nary sed i ment cover has been in cluded in Fig ure 4 and is
rep re sented by a light grey trans par ent overlay and black
dashed line.

Sig nif i cant con tri bu tions to -
wards the un der stand ing of the re -
gion’s metallogenesis, in par tic u lar
por phyry Cu-Mo de pos its, have
been made by Carter (1981) and
Mac In tyre (1985). Other de tailed
work has been con ducted on spe -
cific me tal lic min eral de pos its ad ja -
c e n t  t o  t h e  s t u d y  a r e a  ( e . g . ,
Panteleyev, 1981; Cyr et al., 1984;
Jack son and Illerbrun, 1995) and ad -
di tional geo log i cal in for ma tion on
lo cal min eral oc cur rences and
claims is avail able in the BCGS As -
sess ment Re port In dex ing Sys tem
(ARIS). More re cently, Mac In tyre
(2001), Mac In tyre et al. (2004),
Alldrick (2007a, b) and Alldrick et
al. (2007) have in ves ti gated the min -
eral po ten tial of mid-Cre ta ceous
rhyolites of the Rocky Ridge For ma -
tion. This work sug gests that these
rhyolites have po ten tial to host
VMS-type de pos its. While rhyolites 
do oc cur within the study area, they
have been as signed to the youn ger,
Eocene Ootsa Lake Group. Lim ited
out crop and a lack of ob serv able
field re la tion ships make it dif fi cult
to as sess whether these rhyolites are
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Fig ure 3. Sub dued to pog ra phy of the south west cor ner of the study area, west-cen tral Brit ish
Co lum bia. View is to wards the east with Mos quito Hills in the back ground. Note red-col oured
pine trees in mid dle of pho to graph, in di cat ing that moun tain pine bee tles have moved through
the area.
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Fig ure 4. Bed rock ge ol ogy of the study area, west-cen tral Brit ish Co lum bia. Qua ter nary sed i ment cover is ap prox i mated by the light grey
trans par ent over lay and black dashed line. Bed rock con tacts have been ex tended be neath this trans par ent over lay.



in fact Eocene in age or older and perhaps equivalent to
Rocky Ridge Formation rhyolites.

Mineral Occurrences

There are five doc u mented min eral oc cur rences within 
the study area (Fig ure 4). Tets (MINFILE 093E  084;
MINFILE, 2009; Cu, Zn, Pb, Ag veins) and Shel ford Hills
(MINFILE 093E  085; Zn, Pb, Au epi ther mal veins) are
vein-type show ings while Rip (MINFILE 093E  092; Cu
and Mo calcalkaline por phyry), Dilys (MINFILE
093E  094; Cu min er al iza tion) and Hill (MINFILE
093E  097; Cu, Au, Zn alkalic por phyry) are por phyry-type
show ings. Al though there is no MINFILE oc cur rence as so -
ci ated with it, there is a claim block in the south west cor ner
of the study area, cen tred on Mos quito Hills (Fig ure 4).
Known as the Rox claims, min er al iza tion here con sists of
sul phide and pre cious metal-bear ing veinlets, pre dom i -
nantly hosted in Mid dle Ju ras sic Smithers For ma tion sed i -
men tary rocks. Min er al iza tion is likely as so ci ated with ei -
ther a por phyry, polymetallic vein or epi ther mal sys tem
(Ogryzlo, 2003; Lane, 2008). Im me di ately west of Tahtsa
Reach Road, this claim block butts against a claim block
held by Huck le berry Mine Ltd. This ad ja cent block ex tends 
to the west and is con tin u ous from the mineral lease that
covers the Huckleberry minesite.

The re gion has a rich ex plo ra tion his tory and is well
en dowed with me tal lic min eral de pos its. Ad ja cent to the
study area are note wor thy past-pro duc ing mines and one
still in op er a tion (Fig ure 2). Ap prox i mately 13 km to the
south west of the study area is Huck le berry mine, a pro duc -
ing por phyry Cu-Mo mine with a pro duc tion rate of ap -
prox i mately 17 000 tonnes of ore per day. Av er age grades
for 2008 were 0.316% Cu and 0.006% Mo. Mine life is ex -
pected to ex tend to the end of 2011(Im pe rial Met als Cor po -
ra tion, 2009). An other 9 km north west of Huck le berry
mine is the past-pro duc ing Em er ald Gla cier mine, a Pb, Zn,
Ag and Au vein de posit. This mine op er ated in ter mit tently
be tween 1951 and 1968 and pro duced 2.6 mil lion g of Ag,
1524 g of Au, 891 t of Zn, and 766 t of Pb (MINFILE
093E  001). Ap prox i mately 26 km to the north east of the
study area is Eq uity Sil ver, a past-pro duc ing Cu-Ag-Au
mine, which was in pro duc tion from 1980 to 1994. Com -
bined mine pro duc tion here was 33.8 mil lion tonnes grad -
ing at 64.9 g/t Ag, 0.4% Cu and 0.46 g/t Au (MINFILE
093L  001). De vel oped pros pects in the re gion such as Berg
(por phyry Cu-Mo), Whit ing Creek (por phyry Cu-Mo), and
Lucky Ship (por phyry Mo) also dem on strate the po ten tial
for ore-grade bed rock to oc cur within the re gion (Fig ure 2).
In all in stances men tioned here, ore-grade bed rock is
closely as so ci ated with Late Cre ta ceous and youn ger
plutonic rocks. Intrusive suites of similar age and
composition do exist within the study area.

QUATERNARY GEOLOGY

Pre vi ous Qua ter nary ge ol ogy work con ducted within
the study area is lim ited to soils and ter rain map ping. Re -
search ers with the BC Min is try of En vi ron ment were the
first to map the area, pro duc ing a 1:50 000 scale soil and
landform map (Young, 1976). Singh (1998) has com pleted
the most re cent map ping within the study area, a ter rain
clas si fi ca tion map. Di rectly south and ad ja cent to the study
area, Ferbey and Levson (2001a, b, 2003) and Ferbey
(2004) con ducted a de tailed study of the Qua ter nary ge ol -

ogy and till geo chem is try of the Huck le berry mine re gion.
In cluded in this work was surficial ge ol ogy map ping and
de tailed sedimentological de scrip tions for Qua ter nary sed -
i ments in the vi cin ity of Huck le berry mine. Also in cluded
in work was an investigation into the region’s ice-flow
history.

Qua ter nary geo log i cal stud ies have been con ducted in
ar eas ad ja cent to the study area. To the north and north west,
Clague (1984), Tip per (1994) and Levson (2001a, 2002)
dis cuss the Qua ter nary ge ol ogy and geomorphological fea -
tures of por tions of NTS 093L, M and 103I, P. To the north -
east, Plouffe (1996a, b) mapped the surficial de pos its, and
de scribed the Qua ter nary stra tig ra phy, of the west half of
NTS 093K. Mate (2000) con ducted a sim i lar study to the
south east in NTS map area 093F/12.

Surficial Geology

Dur ing the 2009 field sea son surficial ma te ri als were
de scribed at 131 sites within the study area. Ob ser va tions
were made at roadcuts and streamcuts, dis con tin u ous ex po -
sures along Ootsa Lake and in hand-dug pits. Data col -
lected at each site in cluded map unit, top o graphic po si tion,
slope as pect and an gle, and sedimentological char ac ter is -
tics, such as tex ture, struc ture, lat eral and ver ti cal vari abil -
ity, lower con tacts and re la tion ships with adjacent sediment 
types.

The dom i nant surficial ma te rial found in the study area 
is an overconsolidated, grey to brown diamicton with a silt-
rich ma trix. It is typ i cally mas sive and ma trix sup ported,
and in many ex am ples ver ti cal joint ing and subhorizontal
fissility is well de vel oped (Fig ure 5). Ma trix pro por tion
var ies from 70 to 80% and modal clast size is small peb ble
but lo cally can in clude boul der-sized ma te rial and larger.
Clast shape is typ i cally subangular to subrounded. In lower
val ley set tings, it oc curs as thick units (>2 m thick) that typ -
i cally over lie gla cially eroded and pol ished bed rock. On
hill flanks and in higher el e va tion set tings, it oc curs as thin -
ner units (<2 m thick), in clud ing ve neers (<1 m thick), that
are closely as so ci ated, and dis con tin u ous, with lo cally de -
rived diamicton (e.g., col lu vium) and bed rock. The sur face
ex pres sion of this diamicton most of ten con forms to un der -
ly ing bed rock to pog ra phy but also can be stream lined, as
seen in the drumlinized and fluted ter rain be tween the south 
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Fig ure 5. Silt- and clay-rich, overconsolidated diamicton, in ter -
preted as a basal till (west-cen tral Brit ish Co lum bia). Mod er ately
well de vel oped ver ti cal joint ing and subhorizontal fissility give this
basal till a blocky ap pear ance. Pick for scale (65 cm long).



and south east flanks of Shel ford Hills and the north ern
shore of Ootsa Lake. These char ac ter is tics are con sis tent
with those of a subglacially de rived diamicton (Dreimanis,
1989). This unit is in ter preted to be a basal till, the ideal
sample medium for a till geochemistry survey.

Glaciofluvial sand and gravel can also be found within
the study area. Sandy, peb ble- to cob ble-sized grav els oc -
cur in fan-like fea tures at the mouths of gulleys that head in
higher ground, such as Shel ford and Mos quito hills, and are 
re lated to melt wa ter drain ing off this high ground from
stag nant ice. Sim i lar sized grav els also oc cur within late-
gla cial to deglacial drain age sys tems (now aban doned) as
outwash plains and esker-like ridges (e.g., in the Fish Lake
area and south through the An drews Creek area to wards
Ootsa Lake). Silt- and clay-rich glaciolacustrine and lac us -
trine sed i ments only rarely oc cur within the study area.
Thick or ganic units are, how ever, com mon along the shore -
lines of smaller lakes and in low-ly ing ar eas that sep a rate
these smaller lakes when they occur in chains.

Surficial map ping is cur rently in prog ress for NTS
093E/15. This map ping is be ing con ducted at a scale of
1:50 000, us ing ae rial pho to graphs (1:40 000 scale, black
and white), dig i tal orthophotographs and other avail able
re motely sensed im ag ery (e.g., Land sat). An in te gral part of 
this map ping is the re con struc tion of the re gion’s gla cial
and ice-flow his tory us ing macro-scale land forms (e.g.,
drum lins, flutes, crag-and-tail forms) iden ti fi able in
remotely sensed imagery.

Ice-Flow History

Ferbey and Levson (2001a, b) and Ferbey (2004) built
on pre vi ous work by Stumpf et al. (2000) that in di cated
there was an ice-flow re ver sal in west-cen tral BC dur ing
the Late Wisconsinan gla cial max i mum. Dur ing the on set
of gla ci ation, ice flowed ra di ally from ac cu mu la tion cen -
tres, such as the Coast Moun tains, to wards cen tral BC.
Some time dur ing the gla cial max i mum, how ever, the ice di -
vide over the Coast Moun tains mi grated east into cen tral
BC re sult ing in an ice-flow re ver sal. Gla ciers were then
flow ing west across some parts of the west ern Nechako
Pla teau, over the Coast Moun tains and to wards the Pa cific
Ocean. East ward ice flow re sumed once the ice di vide mi -
grated back over the axis of the Coast Moun tains, and con -
tin ued until the close of the Late Wisconsinan glaciation.

Ev i dence for this ice-flow re ver sal in the Huck le berry
mine re gion is seen in macro-scale gla cial land forms (e.g.,
crag-and-tail forms, roches moutonnées) and mi cro-scale
ice-flow in di ca tors (e.g., rat tails, roches moutonnées) on
bed rock out crop in val ley bot toms and at higher el e va tion
sites (i.e., >1500 m asl; Fig ure 6). This ice-flow re ver sal is
also de tect able in trace-el e ment till geo chem i cal data from
Huck le berry mine (Ferbey and Levson, 2007). One of the
chal lenges of in ter pret ing till geo chem i cal data col lected as 
part of this pro ject, and other sim i lar pro jects be ing con -
ducted within the re gion, will be de ter min ing trans port di -
rec tion of basal till and con versely the di rec tion to a bed -
rock source of till samples elevated in elements of interest.

Dur ing the 2009 field sea son, ice-flow data were ob -
served and re corded at 33 field sta tions. These data were
used to sup ple ment an ad di tional 120 field sta tions, and 207 
mod er ately well to well pre served stream lined land forms
mea sured in ae rial pho to graphs, pre sented and dis cussed
by Ferbey and Levson (2001b). The ma jor ity of bed rock
out crop stud ied in the field is lo cated on the lower flanks of

hillslopes ex posed in roadcuts. In these ex po sures, out -
crop-scale fea tures such as striations, grooves and rat tails
were stud ied and mea sured (Fig ure 7). Landform-scale fea -
tures such as crag-and-tail ridges and roches moutonnées
were also mea sured. Ori en ta tions of these fea tures in di cate
that there are two dom i nant ice-flow di rec tions in the re -
gion, 054–096° and 252–306°. These val ues are in agree -
ment with those pre sented by Ferbey and Levson (2001a, b) 
and Ferbey (2004) and con firm that there was an ice-flow
re ver sal within the study area during the Late Wisconsinan.

TILL GEOCHEMISTRY SURVEY

Till geo chem i cal sur veys can de tect known sources of
min er al iza tion and iden tify new geo chem i cal ex plo ra tion
tar gets (e.g., Levson et al., 1994; Cook et al., 1995; Sibbick
and Kerr, 1995; Plouffe, 1997; Levson, 2002; Ferbey,
2009). Till geo chem i cal sur veys are well suited to as sess ing 
the min eral po ten tial of ground cov ered by gla cial drift.
Basal till, the sam ple me dium used in these sur veys, is ideal
for these as sess ments as in most cases it has a rel a tively
sim ple trans port his tory, is de pos ited di rectly down-ice of
its source, and pro duces a geo chem i cal sig na ture that is
areally more ex ten sive than its bed rock source and there -
fore, at a re gional scale, can be more easily detected
(Levson, 2001b).

Di rectly south and ad ja cent to the study area, Ferbey
and Levson (2001a) and Ferbey (2004) con ducted a de -
tailed till geo chem is try sur vey of the Huck le berry mine re -
gion. These stud ies dem on strate a clear re la tion ship be -
tween till sam ples el e vated in Cu, Mo, Au, Ag and Zn and
Cu-Mo ore zones at Huck le berry mine and smaller scale
polymetallic vein oc cur rences on the mine prop erty. Lat -
eral and ver ti cal vari abil ity in trace-el e ment con cen tra tions
in till at Huck le berry mine pro vide fur ther ev i dence for an
ice-flow re ver sal in the re gion dur ing the Late Wisconsinan 
gla cial max i mum (Ferbey and Levson, 2007). These re sults 
sug gest that in ter pret ing trace-el e ment geo chem i cal data
from tills or soils in this re gion can be com plex, in
particular when considering transport direction.

Plouffe and Ballantyne (1993), Plouffe (1995), Plouffe 
et al. (2001) and Levson and Mate (2002) have also con -
ducted till geo chem is try sur veys to the east of the study
area, in NTS map ar eas 093F and K. Us ing per cen tile plots
of pre cious-metal, base-metal and path finder el e ment con -
cen tra tions, and/or gold grain counts, each of these sur veys
iden ti fies pro spec tive ground where there are no known
min eral occurrences.

Sample Media

Dur ing the 2009 field sea son, 2–3 kg till sam ples were
col lected at 84 sam ple sites for ma jor, mi nor and trace-
element geo chem i cal anal y ses (Fig ures 2, 8). An ad di tional 
16 till sam ples, each weigh ing 10–15 kg, were col lected for
heavy min eral sep a ra tion and gold grain counts (Fig ure 2).
These larger sam ples were col lected at sites where an ad e -
quate amount of sam ple ma te rial was ex posed. Given that
net trans port di rec tion in the study area was likely af fected
by an ice-flow re ver sal dur ing the Late Wisconsinan gla cial 
max i mum, till sam ples were col lected out side of NTS
093E/15 to take into ac count pos si ble east and west trans -
port of basal till. Till sam ple den sity for this sur vey is one
sam ple per 14 km2. For sim plic ity, ar eas in ac ces si ble by
truck (e.g., Shel ford Hills), and ar eas where till does not oc -
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Fig ure 6. Ice-flow his tory of the Tahtsa Lake–Ootsa Lake re gion, west-cen tral Brit ish Co lum bia (af ter Ferbey and Levson, 2001b).



cur, were in cluded in this cal cu la tion. The ma jor ity of
unweathered till in the study area oc curs >1 m be low sur -
face and so most till samples were collected at this depth or
lower.

Till sam ples col lected for ma jor, mi nor and trace-
element anal y ses are be ing sieved, and de canted and cen tri -
fuged, to pro duce a silt- plus clay-sized (<0.063 mm) and
clay-sized (<0.002 mm) frac tion. This sam ple prep a ra tion
is be ing con ducted at Acme An a lyt i cal Lab o ra to ries Ltd.
(Van cou ver, BC). Heavy min eral sam ples have been sent to
Over bur den Drill ing Man age ment (ODM; Nepean, ON),
where heavy min eral (0.25–2.0 mm) and gold grain
(<2.0 mm) con cen trates are be ing pro duced us ing a com bi -
na tion of gravity tabling and heavy liquids.

On the 2–3 kg sam ples, mi nor and trace-el e ment anal y -
ses (37 el e ments) will be con ducted on splits of the silt- plus 
clay- and clay-sized frac tions, re spec tively, by in duc tively
cou pled plasma-mass spec trom e try (ICP-MS), fol low ing
an aqua-regia di ges tion. Ma jor el e ment anal y ses will be
con ducted on a split of the silt- plus clay-sized frac tion only 
us ing in duc tively cou pled plasma-emis sion spec trom e try
(ICP-ES), fol low ing a lith ium metaborate/tetraborate fu -
sion and di lute ni tric acid di ges tion. This an a lyt i cal work
will be con ducted at Acme Analytical Laboratories Ltd.
(Vancouver, BC).

Also as part of this pro ject, a split of the silt- plus clay-
sized frac tion (<0.063 mm) will be an a lyzed for 35 el e -
ments by in stru men tal neu tron ac ti va tion anal y sis (INAA)
at Becquerel Lab o ra to ries Inc. (Mississauga, ON). INAA
for el e ments such as Au, Ba and Cr com ple ment those pro -
duced by aqua-regia di ges tion fol lowed by ICP-MS as they
are con sid ered to be a near-to tal de ter mi na tion and hence
more rep re sen ta tive of rock-form ing and eco nomic min eral 
geo chem is try. Ad di tion ally, INAA de ter mi na tions will be
con ducted on bulk heavy min eral con cen trates pro duced
from the 10–15 kg sam ples. Heavy min eral pick ing, scan -
ning elec tron microscopy anal y ses on dif fi cult-to-iden tify
heavy min eral grains, and peb ble counts may be con ducted
on these sam ples at a later date. In stru men tal neu tron ac ti -

va tion anal y sis will dictate for which samples, if any, these
additional and costly analyses are warranted.

Quality Control

Qual ity con trol mea sures for an a lyt i cal de ter mi na tions 
in clude the use of field du pli cates, an a lyt i cal du pli cates and 
ref er ence stan dards. For each block of 20 sam ples sub mit -
ted for anal y sis, one field du pli cate (taken at a ran domly se -
lected sam ple site), one an a lyt i cal du pli cate (a sam ple split
af ter sam ple prep a ra tion but be fore anal y sis) and one ref er -
ence stan dard will be in cluded in INAA and ICP-MS anal y -
sis. Ref er ence stan dards used will be a com bi na tion of cer -
ti fied Can ada Cen tre for Min eral and En ergy Tech nol ogy
(CANMET) and in-house BCGS geo chem i cal ref er ence
ma te ri als. Du pli cate sam ples will be used to mea sure sam -
pling and an a lyt i cal vari abil ity, whereas ref er ence
standards will be used to measure the accuracy and
precision of the analytical methods.

QUATERNARY DRIFT COVER AND
MINERAL EXPLORATION

Ob ser va tions made dur ing the 2009 field sea son sug -
gest that drift cover within the study area may not be a sig -
nif i cant hin drance to min eral ex plo ra tion. In gen eral, drift
ap pears to be less areally ex ten sive than was once thought.
Also, a re cent in crease in log ging ac tiv ity has not only re -
sulted in im proved ac cess to the study area, through the
build ing of new roads, but has also re sulted in the cre ation
of new bed rock ex po sures. For ex am ple, a pre vi ously un -
mapped quartz diorite ridge was ob served in a roadcut on
the south east flank of Shel ford Hills (Fig ure 9). Sim i lar ob -
ser va tions were made by Mihalynuk et al. (2008, 2009)
while con duct ing bed rock map ping and re source po ten tial
stud ies in NTS map ar eas 093C/1, 8 and 9, ar eas that had re -
ceived lit tle at ten tion by the min eral ex plo ra tion in dus try
be cause of a per ceived prob lem with thick and con tin u ous
Late Oligocene to Pleis to cene Chil cotin Group ba salt and
Qua ter nary drift cover. Mihalynuk et al. de ter mined that
this per cep tion was un founded and that bed rock ex po sures
do ex ist. While con duct ing foot tra verses at suf fi cient
enough den sity for 1:50 000 scale bed rock map ping, they
de scribed ten new me tal lic min eral oc cur rences. A sim i lar
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Fig ure 7. Mod er ately well pre served rat tails on an out crop of
Skeena Group con glom er ate, west-cen tral Brit ish Co lum bia. In the 
cen tre of this pho to graph is a large rat tail in di cat ing ice flow to -
wards the west-south west. Note that just above it and to the right is
a smaller rat tail in di cat ing ice flow to wards the east. This out crop is 
lo cated on the south ern flank of Shel ford Hills, north of An drews
Creek, and is the only out crop of Skeena Group con glom er ate ob -
served within the study area.

Fig ure 8. Typ i cal till sam ple site (west-cen tral Brit ish Co lum bia).
Shown is a 2–3 kg sam ple col lected for ma jor, mi nor and trace-
element geo chem i cal anal y ses. Pick for scale (65 cm long).



ap proach to bedrock mapping and prospecting within NTS
map area 093E/15 could result in similar success.

Within the study area, not only is drift less areally ex -
ten sive than was once thought, it is also likely not as thick.
It is rel a tively com mon to see small bed rock knobs (metres
to a cou ple tens of metres across) ex tend ing through Qua -
ter nary cover to sur face. Ad di tion ally, as ob served in
roadcuts, Qua ter nary cover may only be 1–2 m thick, with
basal till di rectly over ly ing gla cially eroded and pol ished
bed rock. Ex cep tions can be found in some of the larger val -
leys like Nadina River val ley, or in aban doned late-gla cial
and deglacial drainages, such as the one that ex tends south
from Fish Lake, down An drews Creek to Ootsa Lake. In
these ex am ples, val ley fill and glaciofluvial se quences are
typ i cally thick and blan ket much if not all un der ly ing bed -
rock units. These gen eral ob ser va tions could prove use ful
in guid ing and in ter pret ing data from fu ture geological,
geophysical and/or geochemical surveys.

SUMMARY

The 2009 field sea son saw the com ple tion of field work 
for year one of a two-year Qua ter nary ge ol ogy pro gram that 
is de signed to as sess the min eral po ten tial of the north ern
por tion of the Tahtsa Lake dis trict and ad ja cent ar eas (NTS
093E/15, 16, 093L/01, 02). This study area falls within
Geoscience BC’s QUEST-West Pro ject area where ad di -
tional geo chem i cal data have been com piled and col lected,
min eral oc cur rence data have been up dated (i.e.,
MINFILE, 2009), and he li cop ter-borne time do main elec -
tro mag netic and grav ity data have been ac quired. The fo cus 
of this year’s work is the Nadina River map area (NTS
093E/15) where 84 basal till sam ples, each weigh ing 2–
3 kg, were col lected for ma jor, mi nor and trace-el e ment
geo chem i cal anal y ses, and an ad di tional 16 till sam ples,
each weigh ing 10–15 kg, were col lected for sep a ra tion and
anal y sis of heavy min eral con cen trates and gold grain
counts. On go ing and com ple men tary to this till geo chem i -
cal sur vey, is a 1:50 000 scale surficial ge ol ogy map ping
and re gional ice-flow study. Given that the study area ex pe -
ri enced an ice-flow re ver sal dur ing the Late Wisconsinan
gla cial max i mum, as sess ing and quan ti fy ing net trans port

di rec tion of basal till in the study area will be a sig nif i cant
con tri bu tion to the un der stand ing of de tri tal dis per sion for
the re gion. An un der stand ing of these vari ables must ex ist
prior to fur ther in ves ti ga tion of any till sam ples, col lected
as part of this study, that are el e vated in an el e ment(s) of in -
ter est. An as sess ment of net trans port di rec tion will also be
of in ter est to min eral ex plo ra tion com pa nies work ing in the
area, who are con duct ing their own surficial sed i ment geo -
chem is try sur veys. Ob ser va tions made dur ing the 2009
field sea son sug gest that Qua ter nary sed i ments within the
study area are not necessarily as areally extensive nor thick
as was once thought, and therefore may not be a significant
hindrance to mineral exploration.

Till geo chem i cal data for the Nadina River map area
(NTS 093E/15) will be the topic of a com bined BCGS Open 
File and Geoscience BC Re port to be re leased in late spring
2010. Field crews will re turn to the study area dur ing the
2010 sum mer field sea son and com plete data and till sam -
ple col lec tion for the Wistaria, Colleymount and Owen
Lake map ar eas (NTS 093E/16, L/01, 02).
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Geochemistry of Volcanic and Plutonic Rocks of the Sitlika Assemblage,
Takla Lake Area, Central British Columbia (NTS 093N/04, 05, 12, 13)

by P. Schiarizza and N.W.D. Massey
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INTRODUCTION

The Sitlika as sem blage com prises a belt of Permo-
Triassic vol ca nic, sed i men tary and plutonic rocks, which
crop out in the Takla Lake area of cen tral Brit ish Co lum bia.
It in cludes rocks that cor re late with the Kutcho as sem blage
of north ern BC, which hosts the Kutcho Creek Cu-Zn
volcanogenic mas sive sul phide de posit. The Sitlika belt
was mapped by the BC Geo log i cal Sur vey be tween 1995
and 1998, as part of the Nechako NATMAP fed eral-
provincial geoscience pro gram. Sam ples of rep re sen ta tive
vol ca nic and plutonic rocks were an a lyzed for whole-rock
geo chem is try dur ing this pro gram, but only some of this
data has pre vi ously been pre sented (Childe and Schiarizza,
1997; Schiarizza and Massey, 2000). In this pa per, we pres -
ent, and briefly dis cuss, the geo chem is try of the full suite of
Sitlika samples collected during the NATMAP program.

The Takla Lake map area is lo cated along the west ern
edge of NTS map sheet 093N. The most di rect ac cess is via
net works of log ging and for est ser vice roads that orig i nate
near the town of Fort St. James, which is lo cated 125 km
south east of Takla Nar rows. Ac cess from Fort St. James is
also pro vided by the CN Rail line which, in part, fol lows the 
east ern shore of Takla Lake.

REGIONAL GEOLOGY

The Sitlika as sem blage is gen er ally in cluded in the
oce anic Cache Creek terrane. It com prises a Permo–Tri as -
sic vol ca nic unit and an over ly ing Late Tri as sic–Early Ju -
ras sic (?) clastic sed i men tary unit, and two small tonalite to
diorite plutons of Early Tri as sic age (Fig ure 1). The main
strati graphic units of the Sitlika as sem blage are folded and
struc tur ally over lain by higher el e ments of the Cache Creek 
terrane across a sys tem of mainly east-dip ping, Early–
Middle Ju ras sic thrust faults (Struik et al., 2001). These
higher units of the Cache Creek terrane in clude, in as cend -
ing or der, a tec toni cally dis rupted Late Pa leo zoic ophiolite
suc ces sion and a struc tur ally imbricated as sem blage of
Car bon if er ous–Early Me so zoic chert, argillite, phyllite,
lime stone and ba salt (Fig ures 1, 2). All units of the Cache
Creek terrane, in clud ing the Sitlika as sem blage, com monly 

dis play a pen e tra tive fo li a tion and lower greenschist-facies
metamorphic mineral assemblages.

The Sitlika as sem blage is flanked to the west by rocks
of the Stikine terrane, which in cludes arc-de rived vol ca nic
and sed i men tary rocks of the Late Pa leo zoic Asitka Group,
the Late Tri as sic Takla Group, the Early–Mid dle Ju ras sic
Hazelton Group and Late Tri as sic–Mid dle Ju ras sic arc-
related plutonic suites (Mac In tyre et al., 2001). These rocks 
are sep a rated from the Sitlika as sem blage mainly by a sys -
tem of steeply dip ping, north-strik ing faults, which are, at
least in part, re lated to a re gional dextral strike-slip fault
sys tem of Late Cre ta ceous–Early Ter tiary age. Older, east-
dip ping thrust faults are pre served lo cally within the
Stikine terrane and re la tion ships be yond the Takla Lake
area sug gest that Stikine terrane was the footwall to the
Early–Mid dle Ju ras sic west-di rected thrust sys tem doc u -
mented in the ad ja cent Cache Creek terrane (Struik et al.,
2001).

Youn ger rocks ex posed in the Takla Lake map area in -
clude sev eral large gra nitic plutons in the south east and
Late Cre ta ceous sed i men tary rocks of the Sustut Group
along the west ern bound ary of the area. The mainly Early
Cre ta ceous gra nitic plutons cut var i ous units of the Cache
Creek terrane and the thrust faults sep a rat ing them. The
Sustut Group com prises con glom er ate and sand stone that
is in fault con tact with var i ous units of the Stikine terrane
(Figure 1).

THE SITLIKA ASSEMBLAGE

The Sitlika as sem blage was named by Pat er son (1974)
for greenschist-fa cies meta vol can ic and metasedimentary
rocks on the east ern side of Takla Lake, which had pre vi -
ously been in cluded in the Cache Creek and Takla groups
by Armstrong (1949). He sub di vided the as sem blage into
three di vi sions: a cen tral vol ca nic di vi sion, a greywacke di -
vi sion to the east and a nar row argillite di vi sion to the west.
Mon ger et al. (1978) cor re lated the Sitlika as sem blage with
the Kutcho For ma tion, host to the Kutcho Creek
volcanogenic mas sive sul phide de posit, which oc curs in
the east ern part of the King Salmon allochthon in north ern
BC. They sug gested that the Kutcho and Sitlika as sem -
blages might have been con tig u ous prior to dis per sion
along Late Cre ta ceous or Early Tertiary dextral strike-slip
faults.

The dis tri bu tion and sub di vi sions of the Sitlika as sem -
blage shown on Fig ure 1 are based on 1995–1998 geo log i -
cal map ping by the BC Geo log i cal Sur vey (Schiarizza and
Payie, 1997; Schiarizza et al., 1998; Schiarizza and Mac In -
tyre, 1999). This con tin u ous belt is off set by a north east-
strik ing fault about 7 km north west of Mount Olson, but a
nar row sliver of vol ca nic and sed i men tary rocks cor re lated
with the Sitlika as sem blage ex tends an ad di tional 35 km
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northwestward into the south ern part of the McConnell
Creek map area (Mon ger, 1977; Rich ards, 1990). The
south ern end of the belt is like wise trun cated by a north east-
strik ing fault just be yond the south ern bound ary of Fig -

ure 1, al though sev eral fault-bounded blocks of sed i men -
tary rocks cor re lated with the Sitlika clastic sed i men tary
unit have been mapped south ward from there to the vi cin ity
of Babine Lake (Mac In tyre and Schiarizza, 1999). A belt of
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Fig ure 1. Gen er al ized ge ol ogy of the Takla Lake area, cen tral Brit ish Co lum bia (af ter Schiarizza, 2000; Schiarizza et al., 2000).



vol ca nic rocks ex posed near Cunningham Lake in this
south ern area was pro vi sion ally cor re lated with the Sitlika
vol ca nic unit, but sub se quently yielded a Mid dle Ju ras sic
U-Pb zir con date, which dem on strates that it is not actually
part of the Sitlika assemblage (Mihalynuk et al., 2008).

The Sitlika as sem blage is cur rently di vided into two
main units: a vol ca nic unit and an un con form ably over ly ing 
clastic sed i men tary unit. The vol ca nic unit cor re sponds to
the vol ca nic di vi sion orig i nally de fined by Pat er son
(1974). The clastic sed i men tary unit forms a wide belt to
the east of the vol ca nic unit, where it cor re sponds to the
greywacke di vi sion of Pat er son. The clastic sed i men tary
unit is struc tur ally re peated as a nar row belt to the west of
the vol ca nic unit (Fig ure 2), where it cor re sponds, in part,
to Pat er son’s argillite di vi sion. How ever, part of Pat er son’s
argillite di vi sion has been re as signed to the ad ja cent Stikine 
terrane, where it is in cluded in a sed i men tary unit in the
upper part of the Takla Group (Schiarizza and MacIntyre,
1999).

Volcanic Unit

The vol ca nic unit of the Sitlika as sem blage is sep a -
rated into two sub units: a mafic vol ca nic sub unit and an
over ly ing mixed vol ca nic sub unit. The mafic vol ca nic sub -
unit com prises a mo not o nous suc ces sion of plagioclase-
epidote-actinolite-chlorite schist, semischist and
greenstone that lo cally dis plays rel ict vol ca nic fea tures
such as pil lows, pil low brec cias, amygdules and rel ict
pheno crysts of plagioclase, and, less com monly, pyroxene.
The mixed vol ca nic sub unit in cludes sim i lar mafic schist,
in ter ca lated with fel sic vol ca nic rocks and sed i men tary
rocks. The fel sic units in clude quartz-seri cite schist, with or 
with out rel ict quartz and feld spar pheno crysts, and mas sive 

to flow-banded feld spar por phyry and quartz-feld spar por -
phyry. Fragmental seri cite-chlorite schist is also com mon
and con tains flat tened frag ments of fel sic and mafic vol ca -
nic rock, lo cally ac com pa nied by rel ict crys tals of feld spar,
quartz and pyroxene, and, rarely, clasts of dioritic to
tonalitic plutonic rock. Sed i men tary rocks within the mixed 
vol ca nic sub unit in clude black phyllite, siltstone,
feldspathic sandstone, green siliceous phyllite and chert.

A mas sive, quartz-plagioclase–phyric rhy o lite unit
within the mixed vol ca nic sub unit on the north east ern flank 
of Mount Bodine has yielded a U-Pb zir con date of
258 +10/-1 Ma (Childe and Schiarizza, 1997). A sam ple of
flow-banded rhy o lite from near the top of the mixed vol ca -
nic sub unit north east of Diver Lake ap pears to be from
about the same strati graphic level (Fig ure 1), but yielded a
youn ger U-Pb zir con date of 248.4 ±0.3 Ma (M. Ville -
neuve, in Struik et al., 2007). De spite the range, both sam -
ples in di cate a Late Perm ian age, which is cor rob o rated by
Perm ian radio lar ians (Latentibifistula sp.) ex tracted from a
nar row chert in ter val in ter ca lated with vol ca nic rocks of
the mixed sub unit south of Mount Olson (F. Cordey, in
Struik et al., 2007).

Intrusive Rocks

Dikes and sills of vari ably fo li ated diorite, feld spar-
chlorite schist and quartz-feld spar por phyry are wide -
spread within the Sitlika vol ca nic unit, which also hosts
two mappable plutons. The com pos ite Maclaing Creek
pluton, east of Takla Land ing, in cludes a mafic com po nent
con sist ing of fo li ated diorite and epidote-chlorite-feld spar
schist, and a youn ger fel sic com po nent con sist ing of mas -
sive to weakly fo li ated chlorite-epidote–al tered tonalite
(Schiarizza et al., 1998). The smaller Diver Lake stock,
west of Diver Lake, con sists mainly of mas sive to weakly
fo li ated tonalite, which dis plays sev eral tex tural vari a tions
(Schiarizza and Payie, 1997). Zir cons from the Diver Lake
pluton yielded a U-Pb date of 241 ±1 Ma (Childe and
Schiarizza, 1997) and tonalite from the Maclaing Creek
pluton yielded a U-Pb zir con date of 243 ±3 Ma
(M. Villeneuve, in Struik et al., 2007). These dates in di cate
that magmatism within the Sitlika as sem blage continued
into the Early Triassic.

Clastic Sedimentary Unit

The clastic sed i men tary unit of the Sitlika as sem blage
con sists of slate, siltstone and sand stone, with lo cal in ter ca -
la tions of con glom er ate and lime stone. Where ob served,
the base of the unit is in abrupt strati graphic con tact with
the vol ca nic unit, and com monly in cludes a basal con glom -
er ate that con tains clasts of fel sic to mafic vol ca nic and
plutonic rocks, which may have been de rived from the un -
der ly ing vol ca nic unit (Schiarizza and Payie, 1997;
Schiarizza et al., 1998). Higher strati graphic lev els con sist
largely of thin-bed ded slate and siltstone, com monly in ter -
ca lated with thin to thick, mas sive to graded beds of fine- to
coarse-grained sand stone and gran ule con glom er ate. Sand -
stones range from schis tose wacke, con tain ing quartz, feld -
spar and lithic grains, to quartz-rich wacke and arenite. Cal -
car e ous rocks, in clud ing thin lay ers and lenses of
cal car e ous sand stone, calcarenite and im pure mar ble, are
scat tered throughout the unit, but may be most common in
the lower part.
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Fig ure 2. Sche matic ver ti cal cross-sec tions through the west ern
part of the Takla Lake area, cen tral Brit ish Co lum bia. See Fig ure 1
for leg end and lo ca tion of sec tion lines. Ab bre vi a tion: MSL, mean
sea level.



The clastic sed i men tary unit is dated at a sin gle lo cal -
ity, 3 km west of Tsayta Lake, where Late (?) Norian cono -
donts were ex tracted from a schis tose calcarenite bed
(M.J. Or chard, in Struik et al., 2007). In ad di tion, a sand -
stone sam ple from north east of Diver Lake was an a lyzed
for de tri tal zir cons (Fig ure 1) and yielded grains as young
as 202 Ma (lat est Tri as sic; M. Villeneuve, in Struik et al.,
2007).

GEOCHEMISTRY OF THE SITLIKA
ASSEMBLAGE

The sam ples an a lyzed from the Sitlika as sem blage are
listed in Ta ble 1 and their lo ca tions are shown on Fig ure 3.
The geo chem i cal data are listed in Ta bles 2, 3 and 4. Ma jor
el e ments and Rb, Sr, Ba, Y, Zr, Nb, V, Cr, Ni, Cu and Zn
were de ter mined by X-ray flu o res cence (ma jors on fused
disc, traces on pressed pow der pel let) at McGill Uni ver sity.
Rare earth el e ments (REE), Hf, Ta and Th were de ter mined
by per ox ide-fu sion in duc tively cou pled plasma–mass
spec trom e try at the Me mo rial Uni ver sity of New found -

land, ex cept for sam ples PSC95-16-4 and PSC95-18-6-1,
(orig i nally re ported by Childe and Schiarizza, 1997),
which were de ter mined by in stru men tal neu tron activation
analysis at Activation Laboratories Ltd.

The Sitlika rocks have been sub ject to vary ing de grees
of chem i cal al ter ation ac com pa ny ing low-grade meta mor -
phism, a pro cess which par tic u larly af fects the al kali and al -
ka line earth el e ments. De spite this al ter ation, the mafic vol -
ca nic rocks can be shown to con sist of three geochemically
dis tinct types, which de fine two belts within the Sitlika vol -
ca nic unit: an east ern belt con tain ing type 1 vol ca nic rocks,
of mid-ocean-ridge ba salt (MORB) af fin ity, and a west ern
belt con tain ing a mix ture of type 2 vol ca nic rocks, of
volcanic-arc af fin ity, and type 3 vol ca nic rocks, of al ka line
within-plate char ac ter. Fel sic sam ples are mainly from the
east ern belt and show an af fin ity with the type 1 mafic vol -
ca nic rocks. A sin gle fel sic sam ple that co mes from the
west ern belt is geochemically sim i lar to the type 2 mafic
vol ca nic rocks. A di vid ing line be tween the east ern and
west ern belts is shown on Fig ure 3, based purely on geo -
chem is try as there is no mapped struc tural or strati graphic
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Table 1. Geochemical samples from the Sitlika volcanic unit and associated intrusions. Easting and northing refer to UTM Zone 10
coordinates (NAD 83). Abbreviations: v1, mafic volcanic subunit; v2, mixed volcanic subunit; M, Maclaing Creek pluton; D, Diver Lake
stock; d, diorite; t, tonalite; f, felsic.



di vide be tween the two belts. There is lit tle lithological dif -
fer ence be tween mafic vol ca nic rocks in the two belts, al -
though rel ict pyroxene phenocrysts are more common, and
locally very abundant, within western belt basalt.

Type 1 vol ca nic rocks are a subalkaline, bi modal ba salt 
and rhy o lite se ries (Fig ures 4a, c). Rare earth el e ment
(REE) pat terns are mid-ocean-ridge ba salt (MORB)-like

light rare earth el e ment (LREE)-de pleted for mafic rocks
(Fig ure 5a) and flat for fel sic rocks (Fig ure 5d). Sim i lar
MORB char ac ter is tics are seen for both mafic and fel sic
rocks in the var i ous tec tonic dis crim i na tion diagrams
(Figures 6–8).

Type 2 vol ca nic rocks are subalkaline, ba salt to dacite
(Fig ures 4b, d). Rare earth el e ment pat terns show a mod er -
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Fig ure 3. Lo ca tions of sam ples listed in Ta ble 1. See Fig ure 1 for leg end.
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Sample Units
PSC95-
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PSC95-

17-7-2

PSC95-

17-11

PSC95-

18-6-1

PSC95-

22-3

96PSC-7-

11

96PSC-

15-14

96GPA-9-

6-1

96GPA-

14-1-1

96GPA-

14-4

96GPA-

21-5

97PSC-

22-2

PSC95-

22-2

96PSC-

31-8

96PSC-

18-17

96PSC-

28-1-1

96PSC-15-

15-3

SiO2 % 49.00 62.09 46.98 49.89 43.91 47.90 49.38 50.77 47.05 49.13 49.63 83.12 74.14 72.90 73.98 76.62 82.16
TiO2 % 2.17 1.38 1.53 1.42 1.35 1.29 1.58 1.58 1.35 1.51 1.40 0.09 0.12 0.50 0.56 0.35 0.21
Al2O3 % 16.40 15.02 16.15 15.64 17.13 16.59 17.34 14.65 15.00 17.02 18.86 9.48 14.68 13.63 13.32 11.42 7.48

Fe2O3
t % 12.62 8.18 12.36 13.91 11.78 8.66 10.34 14.47 9.79 13.16 9.79 0.81 1.29 4.09 3.23 3.16 2.30

MnO % 0.19 0.17 0.19 0.22 0.18 0.13 0.20 0.23 0.19 0.22 0.14 0.02 0.04 0.08 0.07 0.06 0.06

MgO % 4.79 2.53 5.04 4.92 6.84 8.80 6.29 6.39 9.23 3.99 5.05 0.29 0.35 1.19 0.26 0.86 0.49

CaO % 5.08 2.68 9.05 7.70 7.89 11.78 7.04 4.45 13.17 8.94 7.09 0.09 0.31 0.44 0.50 0.82 5.08
Na2O % 5.38 7.23 4.24 4.38 4.20 2.97 5.01 5.76 1.95 3.95 5.03 4.68 7.05 6.18 7.13 5.31 0.67
K2O % 0.04 0.18 0.07 0.12 0.22 0.20 0.10 0.08 0.04 0.16 0.47 0.73 1.28 0.20 0.37 0.37 0.17
P2O5 % 0.24 0.20 0.28 0.14 0.18 0.08 0.22 0.17 0.09 0.21 0.28 0.01 0.02 0.09 0.12 0.06 0.02

LOI % 3.85 0.98 4.70 2.56 6.68 2.17 3.12 2.25 2.82 2.50 3.00 0.42 0.82 1.19 0.75 1.18 1.51

Total % 99.76 100.64 100.59 100.90 100.36 100.58 100.61 100.80 100.68 100.78 100.74 99.74 100.10 100.49 100.29 100.21 100.15

Rb ppm - 1 - - 3 3 1 - 1 2 6 5 9 1 2 3 1

Sr ppm 106 74 133 125 74 212 194 38 257 94 71 22 26 28 48 31 41

Ba ppm 191 132 135 138 119 125 139 129 100 158 198 80 125 63 87 78 77

Y ppm 44 53 38 37 28 26 40 27 26 30 28 48 86 51 53 51 57

Zr ppm 121 268 110 107 75 76 146 73 99 87 71 155 234 220 331 183 242

Nb ppm 4 4 3 3 4 2 4 3 2 4 4 8 8 4 4 4 3

V ppm 402 164 253 391 288 221 227 368 192 326 302 - - 38 20 32 13

Cr ppm 66 - 217 - 271 436 288 62 553 31 320 - - - 19 - -

Ni ppm 11 - 45 3 62 169 137 17 254 5 37 - 9 5 - 3 -

Cu ppm 46 12 27 53 89 30 45 63 13 48 13 12 23 31 14 29 6

Zn ppm 136 111 118 126 124 85 118 158 96 139 121 24 60 75 106 89 85

Hf ppm 2.9 2.240 3.703 2.000 2.043 7.374 4.362 

Ta ppm 0.3 1.054 1.214 1.257 1.252 4.486 5.120 

Th ppm 0.089 0.247 0.226 0.152 1.320 1.020 

La ppm 4.3 1.944 5.975 2.637 3.967 10.662 8.154 

Ce ppm 1.0 7.443 19.316 8.962 11.606 29.756 21.658 

Pr ppm 1.423 3.291 1.617 1.968 4.369 3.256 

Nd ppm 16.0 8.069 16.534 8.819 10.496 20.920 15.524 

Sm ppm 3.6 2.985 5.061 3.111 3.471 6.418 4.816 

Eu ppm 1.4 1.083 1.752 1.093 1.380 1.496 1.084 

Gd ppm 3.817 6.443 3.930 4.534 7.497 6.100 

Tb ppm 0.9 0.645 1.091 0.672 0.783 1.260 1.045 

Dy ppm 4.205 7.062 4.507 4.906 8.548 7.262 

Ho ppm 0.839 1.463 0.932 1.040 1.866 1.661 

Er ppm 2.565 4.470 2.770 3.129 5.631 5.365 

Tm ppm 0.333 0.629 0.394 0.423 0.845 0.804 

Yb ppm 3.6 2.218 4.190 2.546 2.508 5.924 5.584 

Lu ppm 0.5 0.329 0.656 0.372 0.390 0.965 0.855 

Mafic� intermediate Felsic

Table 2. Whole-rock chemical analyses for Sitlika volcanic rocks of the eastern belt. Dashes indicate element determinations below detection limit; blank values indicate elements not analyzed.
Abbreviation: LOI, loss-on-ignition.
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Type 2 

Sample Units 97NMA-

8-14

96GPA-

14-10

96GPA-

18-3-1

97NMA-

14-7-2

97NMA-

17-4

97NMA-

23-16

97NMA-

25-6-2

97NMA-

24-8-1

97NMA-

28-4-2

97NMA-

14-1-4

96PSC- 

7-9

SiO2 % 56.53 63.80 46.94 51.89 48.60 48.66 66.00 46.51 51.70 40.41 47.08
TiO2 % 0.84 0.55 1.08 0.71 1.01 0.75 0.48 2.31 1.04 1.97 2.29
Al2O3 % 17.08 16.97 18.81 14.11 18.03 22.02 15.37 17.50 19.14 15.45 16.81

Fe2O3
t % 7.66 5.69 11.92 10.02 9.46 8.56 4.21 9.08 8.21 8.52 9.29

MnO % 0.17 0.10 0.16 0.17 0.16 0.19 0.09 0.15 0.16 0.15 0.14
MgO % 4.23 1.69 6.84 6.91 6.68 3.88 1.37 8.75 3.15 3.60 7.87
CaO % 6.20 3.53 4.85 8.74 10.86 9.48 4.36 5.69 8.81 14.27 10.32
Na2O % 5.20 5.80 4.16 3.14 2.32 3.54 3.32 4.10 3.14 4.18 3.36
K2O % 0.36 0.61 1.24 1.27 0.04 0.39 1.91 0.91 0.83 1.01 0.36
P2O5 % 0.12 0.12 0.17 0.36 0.15 0.12 0.10 0.50 0.22 0.45 0.31
LOI % 2.20 1.55 4.52 2.67 3.66 3.22 2.96 4.77 3.70 9.79 2.83

Total % 100.59 100.40 100.70 99.99 100.97 100.81 100.24 100.27 100.10 99.80 100.66

Rb ppm 6 10 17 25 3 7 33 11 13 18 5
Sr ppm 173 106 151 283 480 416 265 179 344 276 164
Ba ppm 102 178 239 358 - 248 506 200 283 157 297
Y ppm 30 22 21 23 23 20 19 31 24 28 38
Zr ppm 114 100 46 70 71 51 119 259 135 214 233
Nb ppm 6 6 4 4 7 4 7 25 13 28 6
V ppm 161 111 263 225 273 197 79 220 180 212 248
Cr ppm 105 24 285 337 143 17 22 188 29 259 222
Ni ppm 18 6 42 64 19 7 4 72 6 135 100
Cu ppm 93 22 52 338 25 197 32 53 71 40 9
Zn ppm 67 69 124 64 68 91 39 68 67 58 75

Hf ppm 2.152 1.374 2.707 5.015 4.224
Ta ppm 0.153 0.182 0.511 1.587 1.807
Th ppm 1.333 0.424 2.266 1.422 2.137
La ppm 9.200 4.476 9.088 20.290 15.952
Ce ppm 20.205 10.473 18.423 46.763 34.939
Pr ppm 2.756 1.490 2.206 5.907 4.445
Nd ppm 12.547 7.349 8.798 24.724 18.916
Sm ppm 2.987 2.028 1.952 5.155 4.349
Eu ppm 0.895 0.809 0.701 1.726 1.463
Gd ppm 3.405 2.615 2.240 5.536 4.274
Tb ppm 0.494 0.419 0.346 0.791 0.669
Dy ppm 3.121 2.740 2.271 4.726 4.126
Ho ppm 0.696 0.615 0.515 0.993 0.945
Er ppm 2.183 1.931 1.638 2.934 2.916
Tm ppm 0.300 0.259 0.235 0.379 0.392
Yb ppm 1.898 1.665 1.600 2.319 2.465
Lu ppm 0.283 0.239 0.241 0.336 0.332

Type 2 mafic - intermediate Type 3 mafic

Table 3. Whole-rock chemical analyses for Sitlika volcanic rocks of the western belt. Dashes indicate element determinations below
detection limit; blank values indicate elements not analyzed. Abbreviation: LOI, loss-on-ignition.
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Sample Units

96PSC- 

12-1

96PSC- 

12-3-1

97PSC-   

2-3-1

97PSC-   

2-6

97NMA-

30-2

PSC95- 

16-1-1

PSC95- 

16-1-2

PSC95- 

16-2

PSC95- 

16-4

SiO2 % 60.68 54.58 61.81 67.91 53.42 74.47 66.42 48.53 74.43
TiO2 % 0.72 1.00 0.68 0.42 1.05 0.30 0.65 1.81 0.31
Al2O3 % 16.60 16.59 16.34 15.60 16.37 13.45 16.01 14.64 13.92

Fe2O3
t % 5.75 9.04 5.54 3.80 9.26 2.55 4.72 15.65 2.09

MnO % 0.08 0.16 0.09 0.07 0.18 0.05 0.11 0.24 0.03
MgO % 2.59 3.62 2.74 1.34 3.60 0.65 1.35 5.56 0.71
CaO % 6.59 6.96 5.30 4.43 5.18 1.95 3.66 6.37 2.45
Na2O % 4.99 4.55 4.32 4.22 4.98 5.09 5.56 3.79 5.16
K2O % 0.25 0.18 1.17 0.45 0.49 0.69 0.30 0.45 0.62
P2O5 % 0.15 0.18 0.13 0.09 0.16 0.06 0.18 0.11 0.06
LOI % 1.93 3.72 1.85 1.45 5.81 0.99 1.34 3.42 0.87

Total % 100.32 100.57 99.97 99.78 100.50 100.25 100.30 100.57 100.65

Rb ppm 5 4 20 7 10 9 3 6 5
Sr ppm 146 266 161 256 149 133 200 119 111
Ba ppm 110 69 360 702 169 181 170 257 258
Y ppm 33 33 30 19 34 27 40 31 29
Zr ppm 156 104 130 135 106 139 131 47 127
Nb ppm 6 5 7 7 5 4 4 3 4
V ppm 108 184 115 63 209 25 56 490 27
Cr ppm 28 63 72 25 23 - - 35 -
Ni ppm 10 14 15 7 7 - - - -
Cu ppm 21 76 33 26 104 5 4 32 4
Zn ppm 17 61 27 7 92 57 60 117 43

Hf ppm 4.5
Ta ppm 1.6
La ppm 5.8
Ce ppm 1.0
Nd ppm 16.0
Sm ppm 2.3
Eu ppm 0.9
Tb ppm 0.6
Yb ppm 3.1
Lu ppm 0.5

Maclaing Creek pluton Diver Lake stock

Table 4. Whole-rock chemical analyses for intrusive rocks from the Diver Lake stock and the Maclaing Creek pluton. Dashes
indicate element determinations below detection limit; blank values indicate elements not analyzed. Abbreviation: LOI, loss-on-
ignition.
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Fig ure 4. Geo chem i cal clas si fi ca tion of Sitlika vol ca nic rocks from the east ern and west ern belts: a) and
b) al kali-sil ica di a grams, fields af ter Cox et al. (1979), with al ka line-subalkaline di vid ing line af ter Irvine and
Baragar (1971); c) and d) sil ica ver sus zir co nium-ti ta nia ra tio, fields af ter Winchester and Floyd (1977).

Fig ure 5. Rare earth el e ment plots for Sitlika vol ca nic rocks. Nor mal iz ing val ues from Sun and
McDonough (1989). Type 1 ba salt in a) is re peated as the shaded area in b)–d) for ref er ence.
Sym bols as in Fig ure 4.



ate LREE en rich ment for both mafic and fel -
sic rocks (Fig ures 5b, d). Heavy rare earth el e -
ments (HREE) have lower con cen tra tions
than in type 1 ba salt. An oce anic-arc sig na ture 
is ap par ent in the var i ous tec tonic dis crim i na -
tion diagrams (Figures 6–8).

Type 3 vol ca nic rocks are al ka line in
char ac ter (Fig ures 4b, d). Only mafic rocks
have been an a lyzed and it is un clear if fel sic
mem bers are pres ent. Rare earth el e ment pat -
terns in these rocks show much more LREE
en rich ment than in type 2 sam ples, and HREE
have higher con cen tra tions than in type 2
sam ples, com pa ra ble to those in type 1 ba salt
(Fig ure 5c). A within-plate char ac ter is sug -
gested by dis crim i na tion diagrams (Fig -
ures 6, 7).

In tru sive rocks from the Diver Lake
stock and the Maclaing Creek pluton are
calcalkaline in ter me di ate to fel sic (Fig ure 9).
They plot in the vol ca nic-arc field on dis crim -
i na tion di a grams (Fig ure 8) and are sim i lar to
the type 2 fel sic vol ca nic sam ple. They are in -
ferred to be re lated to the type 2 vol ca nic
rocks, al though the Diver Lake stock is lo -
cated in the east ern belt (but at its western
edge).

DISCUSSION

The vol ca nic rocks of the Sitlika as sem -
blage have an oce anic sig na ture. The west ern
belt in cludes mafic and fel sic rocks with a
volcanic-arc sig na ture, but also in cludes al ka -
line ba salt of within-plate char ac ter. In tru sive
rocks of the Maclaing Creek pluton and Diver
Lake stock have a vol ca nic-arc sig na ture,
con sis tent with their lo ca tion within and
along the mar gin of the west ern belt. In con -
trast, vol ca nic rocks in the east ern belt have
MORB char ac ter is tics. They may have
formed in a back-arc setting, behind the
western belt arc.

Comparison to the Kutcho
Assemblage

The Sitlika vol ca nic unit is rea son ably
cor re lated with the Kutcho as sem blage
(Childe and Thomp son, 1997) on the ba sis of
gen eral mafic to fel sic vol ca nic char ac ter, the
pres ence of as so ci ated tonalitic in tru sive
units, the age of the vol ca nic and in tru sive
units, com pa ra ble prim i tive Nd-iso to pic sig -
na tures, and struc tural and tec tonic set ting
(Mon ger et al., 1978; Childe et al., 1998). Al -
though they both rep re sent intraoceanic arc
sys tems (and prob a bly parts of the same sys -
tem), there are dis tinc tions be tween vol ca nic
rocks of the Kutcho as sem blage, as rep re -
sented by anal y ses pre sented by Barrett et al.
(1996) and Childe et al. (1998), and the Sitlika 
vol ca nic unit. Kutcho vol ca nic rocks are
tholeiitic, with char ac ter is tics of low-K
island-arc ba salt. Con tents of the im mo bile

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

Fig ure 6. Tec tonic dis crim i na tion di a grams for Sitlika bas alts: a) Ti-Zr di a gram,
fields af ter Pearce and Cann (1973); b) Zr/Y-Zr di a gram, fields af ter Pearce and
Norry (1979); c) Ti-V di a gram, fields af ter Shervais (1982). Sym bols as in Fig ure 4.
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Fig ure 7. Tri an gu lar tec tonic dis crim i na tion di a grams for Sitlika bas alts: a) Ti-Zr-Y di a gram, fields af ter Pearce and
Cann (1973); b) Ti-Zr-Sr di a gram, fields af ter Pearce and Cann (1973). c) Ti-Mn-P di a gram, fields af ter Mullen (1983).
d) Nb-Zr-Y di a gram, fields af ter Meschede (1986). Sym bols as in Fig ure 4.

Fig ure 8. Tec tonic dis crim i na tion di a grams for Sitlika in tru sive and fel sic vol ca nic rocks: a) Nb-Y tec tonic dis crim i na tion
di a gram, fields af ter Pearce et al. (1984); b) Rb-(Y+Nb) tec tonic dis crim i na tion di a gram, fields af ter Pearce et al. (1984).



high-field strength el e ments, such as Zr and Y, and the rare-
earth el e ments, are sig nif i cantly lower in the Kutcho ba salt
than in the Sitlika lavas, even the sim i larly LREE-de pleted
type 1 flows. The LREE-en riched pat terns of types 2 and 3
Sitlika flows are not re ported from the Kutcho area. How -
ever, gab bro in tru sions within the Kutcho as sem blage are

calcalkaline in char ac ter, with REE pat terns showing
moderate LREE enrichment very similar to that of the
Sitlika type 2 volcanic rocks.
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Carbonate-Hosted Lead-Zinc Mineralization on the Cariboo Zinc Property,
Quesnel Lake Area, East-Central British Columbia (NTS 093A/14E, 15W)
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INTRODUCTION

The car bon ate-hosted sul phide and nonsulphide de -
pos its on the Cariboo Zinc prop erty are lo cated north of
Quesnel Lake in east-cen tral Brit ish Co lum bia (NTS
93A/14E, 15W), at a lat i tude of ap prox i mately 52°49'N and 
lon gi tude 120°55'W (Fig ure 1). They are hosted by rocks of 
the Cariboo terrane, which rep re sents a dis placed segment
of the an ces tral North Amer i can mar gin (Struik, 1988). The 
Cariboo terrane is known to host a wide va ri ety of me tal lic
de pos its, in clud ing polymetallic Ag-Pb-Zn (±Au) veins,
car bon ate- and sed i ment-hosted mas sive sulphides (i.e.,
Zn-Pb Mis sis sippi Val ley type, sed i men tary ex ha la tive Zn-
Pb-Ag Besshi type), Au plac ers and nonsulphide de pos its
(Struik, 1988; Höy and Ferri, 1998).

In di vid ual car bon ate-hosted Pb-Zn oc cur rences on the 
Cariboo Zinc prop erty crop out along a north west-trending
belt about 8 km long. They com prise per va sive fine-
grained sul phide and nonsulphide dis sem i na tions and ag -
gre gates form ing pods, sul phide- and nonsulphide-bear ing
quartz veins, and crackle brec cias sim i lar to those found in
Mis sis sippi Val ley–type de pos its. This pa per, based on our
2009 field ob ser va tions and pre vi ous work by Teck Cor po -
ra tion and Pembrook Min ing Cor po ra tion, pro vides a ba sis
for on go ing lab o ra tory in ves ti ga tions of sul phide and
nonsulphide min er als from the Cariboo Zinc de pos its. It
also con trib utes to a better un der stand ing of geological
constraints on nonsulphide deposits of southern BC.

BACKGROUND INFORMATION ON
NONSULPHIDE DEPOSITS

Nonsulphide de pos its were the main source of Zn prior 
to the 1930s. How ever, the min ing in dus try turned its at ten -

tion to sul phide ore fol low ing the de vel op ment of dif fer en -
tial flo ta tion and break throughs in smelt ing tech nol ogy. To -
day, most Zn de rives from sul phide ore (Hitzman et al.,
2003; Simandl and Paradis, 2009). Nev er the less, the suc -
cess ful op er a tion of a ded i cated pro cess ing plant to ex tract
Zn metal at the Skorpion mine in Namibia dem on strates
that de pos its con tain ing nonsulphide and mixed Zn-Pb ores 
represent valid exploration targets.

Car bon ate-hosted, nonsulphide base-metal de pos its
form in supergene en vi ron ments from sul phide de pos its
(such as Mis sis sippi Val ley–type [MVT], sed i men tary ex -
ha la tive [SEDEX], Irish-type and vein-type de pos its and,
to a lesser ex tent, skarns). Sev eral car bon ate-hosted sul -
phide de pos its in the Kootenay terrane and else where in BC 
have near-sur face Zn- and Pb-bear ing iron-ox ide gos sans
(Simandl and Paradis, 2009; Paradis and Simandl, work in
prog ress, 2010). Such gos sans form when car bon ate-
hosted, base-metal sul phide min er al iza tion is sub ject to in -
tense weath er ing and met als are lib er ated by the ox i da tion
of sul phide min er als. Lib er ated met als can be trapped lo -
cally, form ing di rect-re place ment, nonsulphide ore de pos -
its, or they can be trans ported by per co lat ing wa ters down
and away from the sul phide protore, form ing wallrock-re -
place ment car bon ate-hosted nonsulphide base-metal de -
pos its (Heyl and Bozion, 1962; Hitzman et al., 2003;
Simandl and Paradis, 2009). The di rect-re place ment non -
sulphide de pos its, also known as ‘red ores’, con sist com -
monly of Fe-oxyhydroxides (red in col our), goethite and
he ma tite, with lesser con cen tra tions of hemimorphite,
smithsonite, hydrozincite and cerussite; they typ i cally con -
tain >20% Zn, >7% Fe and Pb±As. Wallrock-re place ment
de pos its can be lo cated in prox im ity to protore or sev eral
hun dreds of metres away (Heyl and Bozion, 1962; Hitzman 
et al., 2003; Reichert and Borg, 2008). The wallrock-re -
place ment de pos its, also known as ‘white ores’, con sist of
smithsonite, hydrozincite and mi nor Fe-hy drox ides, and
con tain <40% Zn, <7% Fe and very low con cen tra tions of
Pb. Wallrock-re place ment de pos its are com monly rich in
Zn and poor in Pb rel a tive to the di rect-re place ment car bon -
ate-hosted nonsulphide base-metal de pos its (Simandl and
Paradis, 2009). From the metallurgical and environmental
perspectives, the ‘white ores’ are simpler and preferable.

REGIONAL GEOLOGY

The Cariboo Zinc sul phide and nonsulphide oc cur -
rences oc cur within the Cariboo terrane of cen tral BC (Fig -
ure 2). To the east, the Cariboo terrane is in fault con tact
with the west ern mar gin of  the North Amer i  can
miogeocline along the Rocky Moun tain Trench (Fig ure 1).
To the west, it is in fault con tact (along the west erly-verg ing 
Pleas ant Val ley thrust) with rocks of the Barkerville
subterrane (Fig ure 2), which cor re sponds to a north ern ex -
ten sion of the Kootenay terrane. Rocks of the Barkerville

Geo log i cal Field work 2009, Pa per 2010-1 69

1 Geo log i cal Sur vey of Can ada–Pa cific, Sid ney, BC
2 British Columbia Ministry of Energy, Mines and Petroleum

Resources, Victoria, BC
3 School of Earth and Ocean Sciences, University of Victoria,

Victoria, BC
4 Pembrook Mining Corporation, Vancouver, BC
5 Richfield Ventures Corporation, Quesnel, BC
6 RebelEX Resources Corporation, Vancouver, BC

This publication is also available, free of charge, as colour
digital files in Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx


subterrane are in ter preted as an out board fa cies of the
North Amer i can con ti nen tal mar gin (Struik, 1988; Colpron 
and Price, 1995), whereas rocks of the Cariboo terrane con -
tain fa cies that sug gest a more prox i mal con ti nen tal-shelf
set ting (Struik, 1988; Ferri and O’Brien, 2002; Schiarizza
and Ferri, 2003). Rocks of the Cariboo and Barkerville ter -
ranes are struc tur ally over lain, across the gently dip ping
Pundata thrust fault, by Lower Mis sis sip pian to Lower
Perm ian bas alts and chert of the Ant ler For ma tion of the
Slide Mountain terrane (Struik, 1988).

The Cariboo terrane com prises thick se quences of Pre -
cam brian to Early Me so zoic siliciclastic and car bon ate
rocks that show sim i lar i ties with rocks of the North Amer i -
can miogeocline. In the Quesnel Lake area, the Cariboo
terrane is rep re sented by the Late Pro tero zoic Kaza Group,
the Late Pro tero zoic to Late Cam brian Cariboo Group and

the Or do vi cian to Mis sis sip pian Black Stuart Group (Fig -
ure 2).

The Cariboo Group in cludes argillite, slate and
phyllite of the Isaac For ma tion; car bon ate of the
Cunningham For ma tion; argillite and phyllite of the Yan -
kee Belle For ma tion; white quartz ite of the Yanks Peak
For ma tion; shale, phyllite and micaceous quartz ite of the
Mi das For ma tion; car bon ate of the Mu ral For ma tion; and
slate, phyllite and mi nor lime stone of the Dome Creek For -
ma tion (Struik, 1988). Sed i men tary rocks of the Isaac,
Cunningham and Yan kee Belle for ma tions cor re late with
those of the Windermere Supergroup, and the quartz ite of
the Yanks Peak For ma tion cor re lates with that of the Hamill 
Group in south ern BC (Struik, 1988). The archaeocyathid-
bear ing car bon ate of the Mu ral For ma tion is biostrati -
graphically cor re la tive with the Badshot For ma tion of the
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Fig ure 1. Lo ca tion of the Cariboo Zinc prop erty study area with re spect to other sig nif i cant car bon ate-hosted sul phide and nonsulphide oc -
cur rences in the north ern cor dil lera (mod i fied from Nel son et al., 2002, 2006). Ab bre vi a tions: St, Stikine terrane; CC, Cache Creek terrane;
Q, Quesnel terrane; SRMT, south ern Rocky Moun tain Trench.



Kootenay Arc, which hosts nu mer ous stratabound car bon -
ate-hosted Zn-Pb sul phide and nonsulphide de pos its and
polymetallic Pb-Zn (±Ag) veins (Struik, 1988; Paradis,
2007).

The car bon ate-hosted sul phide and nonsulphide oc -
cur rences (Flip per Creek, Do lo mite Flats, Main, Gunn and
Que) of the Cariboo Zinc prop erty (Fig ure 3) be long to a
num ber of stratabound Zn-Pb oc cur rences in Late Pro tero -
zoic to Early Pa leo zoic plat form car bon ates and car bo na -
ceous shale of the Cariboo terrane. These in clude the
Maybe (MINFILE 093A  110; BC Geo log i cal Sur vey,
2009), Vic (MINFILE 093A  070), Cun ning (MINFILE
093A  222), and Comin Throu Bear (MINFILE 093A  158)
stratabound mas sive sul phide de pos its (Höy and Ferri,
1998). Nu mer ous polymetallic Zn-Pb (±Ag±Au) veins
cross cut sed i men tary rocks of the Cariboo and Black Stu art
groups; some ex am ples in clude the Joy (MINFILE
093A  049), MB (MINFILE 093A  68), and VIP (MINFILE
093  162) showings.
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Fig ure 2. Gen eral bed rock ge ol ogy be tween the Cariboo River
and Mitch ell Lake (af ter Camp bell, 1978; Struik, 1983a, b, 1988;
Ferri and O’Brien, 2003), east-cen tral Brit ish Co lum bia. The dot ted 
rect an gle is the area cov ered by Fig ure 3. Min eral oc cur rences, ac -
cord ing to BC MINFILE (BC Geo log i cal Sur vey, 2009): 1, Sil; 2,
Griz zly Lake; 3, Lam; 4, Comin Throu Bear; 5, Maybe; 6, Mt.
Kimball; 7, Maeford Lake; 8, Ace; 9, Mae; 10, Cariboo Schee lite.
Oc cur rences 1, 2, and 3 form the Cariboo Zinc prop erty.
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Fig ure 3. Re gional ge ol ogy of the Cariboo Zinc prop erty area, east-cen tral Brit ish Co lum bia (from Lormand and Al ford, 1990).



GEOLOGY OF THE CARIBOO ZINC
PROPERTY

Based on the re gional map ping of Struik (1983b,
1988), the prop erty is un der lain by Late Pro tero zoic car -
bon ate and pelitic metasedimentary rocks of the Cun -
ningham and Isaac for ma tions of the Cariboo Group (Fig -
ure 2).

The car bon ate host ing the Zn-Pb sul phide and non -
sulphide min er al iza tion was des ig nated by Murrell (1991)
as the Isaac For ma tion; how ever, Höy and Ferri (1998) re -
ferred to it as the Cunningham For ma tion. Brad ford and
Hock ing (2008) fa voured the in ter pre ta tion of Höy and
Ferri (1998), based on the ex trap o la tion of geo log i cal map -
ping done west of the Cariboo Zinc de posit area by Struik
(1988).

A geo log i cal map of the study area (Fig ure 3), pro -
duced by Lormand and Al ford (1990), out lines folded se -
quences con sist ing of interlayered car bon ate and
metapelitic sed i ments. The metasedimentary rocks strike
240º and dip to the north west in the north ern part of the
prop erty, and strike 310º and dip to the north east in the
south ern part (Murrell, 1991; McLeod, 1995). This sug -
gests the pres ence of a ma jor open fold, with a hinge lo cated 
near the Griz zly Lake area. A strong south west- to north -
west-strik ing fo li a tion is pres ent in metapelitic units on the
east ern limb of the fold. The west ern limb is char ac ter ized
by a south west-strik ing fo li a tion that gen er ally dips north -
west. Sev eral north- to north east-trending faults are in ter -
preted to crosscut the metasedimentary rocks (Figure 3).

Three main va ri et ies of car bon ate rocks en coun tered
dur ing our visit are

· light to me dium grey, mot tled dolomitic lime stone or
limy dolostone, com monly with rounded, dis tinct to
dif fuse ‘frag ments’ of white do lo mite and lo cally ap -
pear ing brecciated (e.g., Main prospect);

· creamy white, fine-grained dolostone that is lo cally si -
lici fied; and

· thinly bed ded/lay ered grey lime stone.

The interlayered metapelite con sists of fine-grained
me dium to dark sil ver-grey and green phyllite, siltstone and 
gar net-mus co vite schist, the lat ter rep re sent ing a more
highly meta mor phosed equiv a lent of the phyllite (Murrell,
1991).

Most of the Pb-Zn min er al iza tion seems to be as so ci -
ated with the dolostone–dolomitic lime stone in ter val ad ja -
cent to the ‘phyllite’ unit (Fig ure 3). We do not have de -
tailed in for ma tion to de ter mine if this gen er al iza tion is
cor rect for the Canopener oc cur rence. At the Main pros -
pect, the sep a ra tion be tween the dolostone–dolomitic lime -
stone in ter val and the phyllite ap pears wider (Fig ure 3) be -
cause the con tact be tween the dolostone and the phyllite
(largely eroded) is interpreted to be subhorizontal.

In tru sive rocks, mainly granodiorite and quartz mon -
zonite, crop out north and south east of the min er al ized belt
but have not been ob served on the Cariboo Zinc prop erty.
The pres ence of sim i lar in tru sive rocks at depth is sug -
gested by geo phys i cal data (Figure 4).

CARBONATE-HOSTED SULPHIDE AND
NONSULPHIDE MINERALIZATION

The Cariboo Zinc prop erty en com passes sev eral Zn-
Pb sul phide and nonsulphide oc cur rences in a south east-
trending belt about 8 km long. The main oc cur rences, from
west to east, are Canopener, DeBasher, Flip per Creek, Do -
lo mite Flats, Main, Gunn and Que (Fig ure 3). In the BC
MINFILE da ta base, DeBasher cor re sponds to the LAM
show ing (MINFILE 093A  050), Flip per Creek, Do lo mite
Flats, and Main are en com passed by the Griz zly Lake pros -
pect (MINFILE 093A  065), and Gunn and Que cor re spond
to the Sil show ing (MINFILE 093A  062).

De scrip tions of the oc cur rences vis ited (i.e., Flip per
Creek, Do lo mite Flats, Main, and Gunn) are based on our
field ob ser va tion and the re ports of Murrell (1991) and
Brad ford and Hock ing (2008). The de scrip tion of the
DeBasher show ing is sum ma rized from Murrell (1991) and 
Brad ford and Hock ing (2008). No de scrip tion of the
Canopener (also known as Sum mit Lake) oc cur rence is
given in BC MINFILE or in as sess ment reports.

DeBasher

The DeBasher show ing is lo cated on the west side of
road 8400 and north east of DeBasher Lake (Fig ure 3). Sul -
phide min er al iza tion con sists of quartz veins and mo saic
brec cias con tain ing er rat i cally dis trib uted ga lena and
sphalerite. Patches of or ange ox ide boxwork (af ter
sphalerite) were the only nonsulphides ob served by Brad -
ford and Hock ing (2008). The hostrocks are si li ceous limy
dolostone over lain by cream dolostone. These rocks are
over lain by phyllite along a faulted con tact (Murrell, 1991). 
Min er al iza tion seems to be pref er en tially lo cated at the
faulted dolostone-phyllite contact.

Flipper Creek

The Flip per Creek pros pect was dis cov ered dur ing
road build ing in 1989 (Murrell, 1991). It is lo cated 650 m
south east of the 8400 road and ex tends for 240 m in a north -
west erly di rec tion along the south bank of Flip per Creek.
This min er al iza tion co in cides with a 100 m by 350 m Pb-Zn 
soil anom aly out lined by Teck Cor po ra tion dur ing fol low-
up work (Brad ford and Hocking, 2008).

Min er al iza tion, hosted by me dium-grained white
dolostone, con sists of sphalerite clots and pods, veins and
dis tinc tive brec cia zones ap prox i mately 0.5 m thick con -
tain ing bar ite, ga lena and sphalerite. The brec cia is cross cut 
by a white, fine- to coarse-grained bar ite vein trending
185º. The seams and pods of ga lena and sphalerite oc cur
within and along the mar gin of the vein (Fig ure 5). Bar ite-
as so ci ated min er al iza tion may post date some ear lier
sphalerite- and galena-bearing veinlets.

Ac cord ing to Murrell (1991), min er al iza tion is pref er -
en tially lo cated at the con tact be tween phyllite to the north
and un der ly ing cream dolostone to the south. This con tact
may cor re spond to a north west-trending fault along Flip per 
creek1 (Figure 3).

Murrell (1991) re ported patchy green sphalerite
hosted within the cream dolostone and as so ci ated with
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Fig ure 4. Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia, show ing ground grav ity con tours of cal cu lated Bouguer grav ity anom a lies (Luckman, 2008). Anom a lies A, B, C, and D are dis -
cussed in the text.



white bar ite in prox im ity to the fault. Ir reg u lar dis sem i -
nated blebs, wisps and veinlets of ga lena were un cov ered
dur ing our visit, and or ange-red sphalerite was ob served
within a dark grey brecciated dolostone (Murrell, 1991).

Dolomite Flats

The Do lo mite Flats pros pect is lo cated ap prox i mately
800 m east-south east of the Flip per Creek oc cur rence and
600 m north west of the Main pros pect (Fig ure 3). The min -
er al iza tion is pres ent in sev eral low-re lief dome-shaped
out crops, up to 40 m by 20 m in size, along the main ac cess
road (Fig ure 6A). The two main rock types pres ent in this
area are lime stone and dolostone.

The lime stone crops out on the side of the road be -
tween the Main and Do lo mite Flats occurrences. It is beige
to me dium grey and pit ted on weath ered sur faces, and pale
grey on fresh sur faces. Sub tle lay er ing that is lo cally dis -
cern ible may rep re sent relicts of orig i nal bed ding or meta -
mor phic lay er ing. This rock re acts well with HCl and does
not ap pear to be mineralized.

White- to cream-col oured, fine- to me dium-grained
crys tal line dolostone is the dom i nant li thol ogy at the Do lo -
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Fig ure 5. Bar ite vein with seams of ga lena at the bor der and in the
mid dle of the vein, Flip per Creek pros pect, Cariboo Zinc prop erty,
east-cen tral Brit ish Co lum bia.

Fig ure 6. Do lo mite Flats pros pect, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) typ i cal out crop ex po sure in the Do lo mite Flats
pros pect area; B) or ange-brown patches cor re spond ing to ox i dized sulphides dis sem i nated in the dolostone; C) frac ture-fill ing ox i dized
sulphides oc ca sion ally form ing boxwork tex ture in the dolostone; D) close-up of fine grains and ag gre gates of nonsulphides and ox i dized
sulphides in the dolostone.



mite Flats pros pect. The dolostone is char ac ter ized by low
re sponse to ‘Zinc Zap’ (Zn in di ca tor so lu tion) and weak
acid re ac tion (largely lim ited to cal cite microfracture coat -
ings). It com monly con tains less than 1% milli metre-size
grains of a soft grey to black min eral, and lo cally con tains
white mica and pos si bly clinopyroxene, pref er en tially con -
cen trated along hair line frac tures (mi cro scope study is
needed to confirm the mineralogy).

Base-metal (Zn-Pb) sul phide and nonsulphide min er -
al iza tion ap pears to be con fined to the dolostone. In prox -
im ity to min er al iza tion, the dolostone hostrock is gen er ally
me dium- to coarse-grained, with crys tals up to 1 cm in size.
The main sul phide min er als are or ange-brown to dark grey
sphalerite and py rite that are com monly (at least par tially)
ox i dized and ac com pa nied by some quartz and talc grains.
These are dis sem i nated within the dolostone or oc cur as
frac ture fill ings (Fig ure 6B, C). No ob vi ous struc tural con -
trol for the dis sem i nated sphalerite min er al iza tion is vis i ble 
on the scale of the out crop; how ever, at hand-spec i men
scale, sphalerite ap pears to be partially controlled by
hairline fractures.

Nonsulphide min er als are typ i cally soft red dish brown
to or ange, prob a bly dom i nated by smithsonite or hemimor -
phite; how ever, the min er al ogy has yet to be con firmed.
These min er als are wide spread through out the fine-grained 
cream-col oured dolostone (char ac ter ized by a weak re -
sponse to Zinc Zap) in low con cen tra tions as fine ag gre -
gates or min ute specks (Fig ure 6D). Where pres ent in
above-av er age con cen tra tions, they form dull frac ture
coat ings and/or sug ary tex tured and po rous pods with
strong Zinc Zap re sponse. Lo cally, the nonsulphides are as -
so ci ated with quartz grains, and vis i ble relicts of sphalerite
and py rite crys tals. The most spec tac u lar oc cur rences of
nonsulphides at this lo cal ity con sist of radiating
nonsulphide needles lining cavities.

An ex plo ra tion hole, drilled with a hand-held Pack -
sack drill in 1998, reached a depth of 34 m in dolostone
brec cia and ended in min er al iza tion (hole 98-2; McLeod,
1999). The anom a lous sam ples from this hole (Ta ble 1) are
con sid ered to be gen er ally rep re sen ta tive of the known
mineralization.

Di a mond-drill hole 94-1 (length 92.4 m), col lared
380 m south east of hole 98-2 (half way be tween the Main
and Do lo mite Flats zones), re turned anom a lous Pb and Zn
in interlayered lime stone, phyllite and dolostone be tween
63.7 m and the end of the hole. Sev eral sam ples re turned up
to 2.21% Zn over 0.6 m in ter vals (e.g., sam ple G12 [79.86–
80.47 m] re turned 0.01% Pb and 2.21% Zn; McLeod,
1995). This hole also ended in ga lena-sphalerite min er al -
iza tion. Ad di tional drill ing took place in 1999 within the
gen eral area of the Do lo mite Flats pros pect; how ever, it tar -
geted a grav ity anom aly rather than geo chem i cal anom a -
lies. Pembrook Mining now be lieves that the 1999 drill -
holes were col lared be low the most fa vour able con tact,
which is lo cated within the dolostone near the phyllite
contact.

Lead is pres ent in the form of ga lena as iso lated short
(<5 cm) and nar row (<2 mm) frac ture fill ings and small
pods (<3 cm). These ga lena fill ings are not com mon in the
out crops and are rather ir reg u larly dis trib uted.

Re sults of chem i cal anal y ses of sam ples col lected dur -
ing the 2009 visit were not avail able at the time of writ ing.

Main

The Main pros pect, dis cov ered in 1989, is ex posed in a
trench ap prox i mately 48 m long and 28 m wide (Fig ure
7A). An other smaller trench is lo cated 230 m north west of
the main trench.

Min er al iza tion con sists of nu mer ous in ter sect ing 2–
3 cm wide quartz veins con tain ing ga lena and lesser sphal -
erite (Fig ure 7B, C). Min er al iza tion is largely frac ture con -
trolled. The main quartz-ga lena (±sphalerite) vein sys tem
strikes 300–360º and dips east at 60–90º. It cross cuts bar ren 
quartz veins (2–3 cm wide) with ori en ta tions of 150º/80ºW, 
135º/50ºS and 120º/45ºS.

Ar eas (up to 1 m by 0.5 m) con sist ing largely of mas -
sive ga lena (±euhedral sphalerite) are pres ent along ex -
posed faces of ma jor frac tures within the prin ci pal trench of 
the Main pros pect (Fig ure 7D); in most cases, how ever,
these frac tures are less than 5 cm thick and, as the ga lena
con tent de creases, quartz con tent increases.

Map ping has shown that phyllite is pres ent in the area;
how ever, un like else where on the prop erty, it is flat ly ing or
dips gently to the south (Murrell, 1991).

Teck Cor po ra tion drilled two Win kie holes, GL90-1
and GL90-2 ori ented at 307º and 288º, re spec tively, and
plung ing 45º, di rectly be neath the main trench to test for
pos si ble ver ti cal ex ten sions of the sur face min er al iza tion
(Murrell, 1991). Both drillholes were anom a lous in Zn
through out, with val ues up to 3.9% Zn and 1.1% Pb over
0.5 m. Lead val ues were lower than ex pected, based on the
spec tac u lar na ture of the ga lena-rich surface exposures.

Gunn

The Gunn show ing is as so ci ated with an ex ten sive Zn-
Pb soil anom aly (Can non, 1970; Brad ford, 2006). One
large out crop of dolostone with nu mer ous small trenches
oc curs ad ja cent to the dirt road. Sev eral out crops and nu -
mer ous larger trenches oc cur over a 250 m by 125 m area
south of the dirt road, ap prox i mately 150 m south east of the
Main prospect (Figure 3).

Min er al iza tion con sists of quartz-ga lena (±sphalerite)
veins and frac ture fill ings, bar ite-ga lena-sphalerite veins,
pods of ox i dized sulphides, and dis sem i nated fresh and ox i -
dized sphalerite. The car bon ate host is a fine- to me dium-
grained recrystallized white dolostone (Fig ure 8A). The
dolostone weath ers pale to me dium grey with an oc ca sional 
pink ish tint, ap pears beige ad ja cent to the veins and is white 
on fresh sur faces. Ad ja cent to the min er al ized veins, the
dolostone oc ca sion ally con tains fine-grained dis sem i nated
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Table 1. Zn and Pb content of samples from
drillhole 98-2 (McLeod, 1999; Bradford and
Hocking, 2008), Dolomite Flats prospect, Cariboo
Zinc property, east-central British Columbia.



dark grey– and honey-col oured, par tially oxidized sphaler -
ite (Figure 8B–D).

A white to pale grey–weath er ing si lici fied knob lo -
cated im me di ately south of the road con tains ga lena-bear -
ing veins with vari ably weath ered sphalerite, and bar ite-ga -
lena-sphalerite veins (Fig ure 8E). Trench ing in the vi cin ity
of the knob has re vealed sev eral ad di tional show ings over
an area mea sur ing 250 m by 125 m (Murrell, 1991; Brad -
ford and Hocking, 2008).

The prin ci pal Gunn ex ca va tion (Fig ure 8F), lo cated
250 m west of the road, shows a com plex net work of
quartz-ga lena (±sphalerite±nonsulphides) veins en closed
in si li ceous cream-col oured dolostone that also lo cally
hosts fine-grained, dis sem i nated, dark grey sphalerite and
en closes ir reg u lar zones of nonsulphide Zn-Pb min er al iza -
tion. The veins gen er ally trend north west or north
(280°/67°S, 300°/80–90°N to 110–130°/46°S and
000°/45°E). One set of min er al ized veins trends 040° and
dips 60°SE. Most of the veins are less than 5 cm thick and
vary in min er al ogy and min eral pro por tions along strike.
They con sist of quartz and ga lena with sub or di nate
amounts of cal cite, sphalerite and nonsulphide min er als.
The nonsulphides in clude white to pale grey, trans lu cent to
trans par ent ra di at ing crys tals, 2–3 mm in length (prob a bly

cerussite; Fig ure 9A), and stubby white trans par ent crys -
tals, 1.5 mm in length and 0.5 mm in di am e ter (Fig ure 9B)
that are ten ta tively iden ti fied as angle site. Other
nonsulphides ob served are hydrozincite and hemimor -
phite. At two lo ca tions within the main ex ca va tion,
Pembrook Min ing Cor po ra tion and Zincore Met als Inc. ge -
ol o gists re ported 16–30% Zn with much lower Pb val ues
across widths of 3–6 m. These zones most likely sampled a
combination of vein-type and nonsulphide replacement-
type mineralization.

Que

The Que show ing com prises a large num ber of shal low 
ex plor atory trenches and stripped out crops and subcrops
(Fig ure 10A) lo cated at the ex treme south east cor ner of the
Cariboo Zinc prop erty, ap prox i mately 750 m south of the
Gunn zone (Fig ure 3). The show ing con sists of ir reg u larly
dis trib uted dolostone-hosted sphalerite, ga lena and
nonsulphide min er al iza tion. The area of known min er al iza -
tion out lined be tween 1981 and 2008 by var i ous op er a tors
con tin ues to ex pand, as Pembrook Min ing Cor po ra tion lo -
cated sev eral new min er al ized outcrops during our 2009
field visit.
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Fig ure 7. Main pros pect, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) main trench; B) quartz-sphalerite-ga lena-nonsulphide
(af ter sphalerite) vein; C) quartz-ga lena vein; D) pod of ga lena, nonsulphides (cerussite) and sphalerite that form part of a vein-brec cia sys -
tem.



Boul ders of nonsulphide min er al iza tion are scat tered
through out the area. At least at one lo cal ity, the pres ence of
sev eral large an gu lar and fri a ble nonsulphide-bear ing
blocks (>1 m in di am e ter), which strongly re act to ‘Zinc
Zap’, sug gests a lo cal or i gin (Fig ure 10B, 10C). One of the

main base-metal nonsulphide min er als is prob a bly cerus -
site (Fig ure 10D), but de tailed min er al og i cal in ves ti ga tion
is re quired.

Dur ing our 2009 prop erty visit, white-coated ga lena
(sphalerite-free) nod ules up to 4–5 cm across (Fig ure 11)
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Fig ure 8. Gunn show ing, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) fine-grained recrystallized white dolostone; B) dis sem i -
nated ox i dized (or ange) and fresh (yel low ish) sphalerite in the fine-grained white dolostone; C) ag gre gates of fresh yel low sphalerite in the
fine-grained white dolostone; D) ox i dized red dish brown sulphides (pre sum ably sphalerite) in the white dolostone; E) bar ite-ga lena-
sphalerite vein cross cut ting the dolostone (only bar ite is clearly vis i ble in the pho to graph); F) main Gunn ex ca va tion.



were un cov ered in a north-flow ing stream less than 50 m
up stream from an oc cur rence of high-grade nonsulphide-
rich boul ders. These rounded nod ules may be im por tant be -
cause the creek bed con sists ex clu sively of flat, coarse, an -
gu lar dolostone frag ments, in di cat ing a prox i mal or i gin.
No rounded ex otic peb bles, com monly ob served in the
nearby over bur den, were seen in the stream. These ga lena
nod ules may have formed by dis so lu tion of the sur round ing 
hostrocks and par tial con ver sion of ga lena to angle site.
This would be con sis tent with the pro cess de scribed by
Heyl and Bozion (1962), Reichert and Borg (2008) and
Simandl and Paradis (2009). Cav i ties within the rounded
nod ules still con tain rem nants of the host dolostone and or -
ange-col oured nonsulphide min er als. These cav i ties
formed by par tial dis so lu tion of the host dolostone and
sphalerite crys tals. Sharp and an gu lar quartz grains pro -
trud ing from the ga lena would have bro ken off or sep a rated
from the ga lena if the nod ules had been trans ported down -
stream for any sig nif i cant dis tance. The pres ence of quartz
sug gests a type of min er al iza tion (or protore) sim i lar to that
ob served in the Main and Gunn oc cur rences. One of the
nod ules con tains ‘stri ated’ relicts of am phi bole crys tals or
stacked seri cite sheets. Both am phi bole and sericite were
observed locally, adjacent to galena-rich veins at or near the 
Main prospect.

DISCUSSION

This dis cus sion is based on the 2009 field ob ser va tions 
and pre vi ous in ves ti ga tions by the in dus try. No re sults of
chem i cal anal y ses, thin sec tion pe trog ra phy or pow der x-
ray dif frac tion on sam ples col lected dur ing 2009 were
avail able at the time of writing.

Field Observations

All the min er al iza tion ob served dur ing our field visit is 
stratabound, hosted by Mg-bear ing car bon ates (i.e., limy
dolostone–dolomitic lime stone and fine-grained creamy
dolostone). It seems to be lo cated close to the con tact be -
tween the cream dolostone and the limy dolostone (Fig -
ure 3) and, ac cord ing to com pany re ports, near the con tact
be tween the dolomitic car bon ate rocks and the over ly ing
phyll i te.  Al though over al l  the min er  al  iza t ion is
stratabound, it is in part struc tur ally con trolled on the out -
crop scale. It oc curs as dis sem i na tions of fine specks and
centi metre-size ag gre gates, ir reg u lar re place ment zones,
veins and frac ture fill ings lo cally form ing nar row brec cia
zones. Sphalerite oc curs mostly as per va sive fine- to me -
dium-grained, low-grade dis sem i na tions in dolostone; ag -
gre gates form ing centi metre-size clots; and, less fre -
quently, frac ture and brec cia fill ings. Ga lena oc curs mainly
as frac ture and vein fill ings in as so ci a tion with quartz
and/or cal cite, sphalerite and bar ite. Ga lena-rich crackle
and mo saic dolostone brec cias (±sphalerite) are less com -
mon. In all of the oc cur rences, ga lena and sphalerite are at
least par tially trans formed into Zn-Pb nonsulphides.
Smithsonite, hemimorphite, cerussite, hydrozincite and
pos si bly angle site are prob a bly the main nonsulphide Zn
and Pb min er als. They form milli metre-scale or ange
patches, ox ide boxworks (af ter sphalerite), open-space fill -
ings and ir reg u lar re place ment pods and masses with or
with out rem nants of sphalerite and ga lena. The best Zn-Pb
nonsulphide min er al iza tion was ob served as blocks or
subcrops within the Que zone (Fig ure 10c). The fri a ble na -
ture of the nonsulphide blocks in di cates a prox i mal source.

The pres ence of ga lena nod ules cov ered by a white coat ing
(Figure 11), within the same area, is consistent with near-
surface oxidation of sulphide ores (Simandl and Paradis,
2009).

Sur pris ingly, Fe-sulphides (py rite and/or marcasite)
are ab sent (or pres ent in low con cen tra tions) through out the 
area, with the ex cep tions of the DeBasher and Do lo mite
Flats oc cur rences, where py rite is found as so ci ated with ag -
gre gates of sphalerite. This is sig nif i cant be cause py rite is
more re ac tive in sur face en vi ron ments than sphalerite or
ga lena. The destabilization of py rite is ex pected to re sult in
the for ma tion of acidic so lu tions that are then able to at tack
sphalerite and, to some ex tent, ga lena. This means that ei -
ther py rite al ready re acted or it was never pres ent in the sys -
tem. If py rite was orig i nally pres ent but later de stroyed,
then its ox i da tion may have re sulted in the for ma tion of so -
lu tions with a ca pac ity to trans port Zn. Such so lu tions fa -
vour the for ma tion of ‘white’ Zn-rich nonsulphide de pos its
in the area. This aspect must be followed up by detailed
petrographic studies.

Sev eral min er als ten ta tively iden ti fied dur ing this
study, or re ported in pre vi ous stud ies, are known to gen er -
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Fig ure 9. Gunn show ing, Cariboo Zinc prop erty, east-cen tral Brit -
ish Co lum bia: A) white to pale grey, trans lu cent to trans par ent ra di -
at ing crys tals, 2–3 mm in length (prob a bly cerussite); B) stubby
white trans par ent crys tals (prob a bly angle site) lin ing cav i ties.



ate dis tinct in fra red spec tral re sponses that, un der fa vour -
able con di tions, may be de tect able by re mote sens ing, a rel -
a tively new and prob a bly underutilized ex plo ra tion tool in
Brit ish Co lum bia. The veg e ta tion cover, how ever, may re -
duce the effectiveness of such an approach.

The sig nif i cance of ga lena nod ules re mains to be con -
firmed. They may be relicts of pri mary sul phide min er al -
iza tion, par tially rounded by in ter ac tion with supergene
flu ids (as de scribed by Reichert and Borg, 2008) and sub -
ject to ad di tional round ing dur ing short downstream
transport.

Review of Existing Data with Focus on Pb-
Zn Nonsulphides

Ex plo ra tion in the area has con sisted of tra di tional
pros pect ing, geo log i cal map ping, geo phys i cal and geo -
chem i cal sur veys, trench ing and lim ited drill ing. Both geo -
chem i cal and geo phys i cal meth ods are ef fec tive ex plo ra -
tion tools in se lect ing Pb-Zn sul phide tar gets on the
Cariboo Zinc prop erty (Can non, 1970; Murrell, 1991;
Brad ford, 2006). Ad di tional in for ma tion may be ex tracted
from ex ist ing sur veys, if the nonsulphide Pb-Zn min er al -
iza tion is also tar geted. For ex am ple, the ground grav ity

contours of the cal cu lated Bouguer anom aly (Fig ure 4) rep -
re sents re sults of the most re cent grav ity sur vey. It shows a
gen eral trend of in creas ing grav ity to the north west and de -
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Fig ure 10. Que show ing, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) shal low ex plor atory trenches (ar row) and stripped out -
crops and subcrops; B) close-up of ag gre gates of nonsulphide min er als (or ange and white); C) large, an gu lar nonsulphide-bear ing blocks;
D) ra di at ing, tab u lar trans lu cent crys tals of cerussite in cav ity.

Fig ure 11. Ga lena nod ules, Que show ing, Cariboo Zinc prop erty,
east-cen tral Brit ish Co lum bia.



creas ing grav ity to the south east (Luckman, 2008). The
grav ity highs su per im posed on this trend may re flect the
pres ence of Pb-Zn min er al iza tion or lo cal i ties where mi nor
ig ne ous in tru sions ap proach the sur face. Gen eral spa tial as -
so ci a tion of rel a tively dis crete grav ity highs with known
Zn-Pb sul phide min er al iza tion is ob served at the Gunn and
Que show ings (Fig ure 4). The main ex plo ra tion tar get was
the Pb-Zn sul phide min er al iza tion (ei ther Irish-type or
MVT); there fore, the in ter pre ta tion was geared to wards the
se lec tion and test ing of grav ity highs. Nu mer ous drill tar -
gets were pre vi ously iden ti fied by Paget Re sources Cor po -
ra tion or the pre de ces sor com pa nies, based on grav ity highs 
(Luckman, 2008). As a by prod uct of the search for grav ity
highs, the sur veys also com monly iden ti fied grav ity lows.
Fig ure 4 pro vides few ex am ples of grav ity lows that were
not pre vi ously dis cussed. Some of them are lo cated at the
edge of the sur veyed area and may be an ar ti fice of the data
pro cess ing. Oth ers, in clud ing anomalies A, B, C and D,
may require closer attention. They may possibly
correspond to karst features or the presence of porous
(vuggy) nonsulphide mineralization.

The large, nearly cir cu lar neg a tive anom aly (Fig ure 4,
anom aly A) is not as so ci ated with a strong geo chem i cal
sig na ture, but it co in cides with the pro jected lo ca tion of the
strata host ing the main oc cur rence. It may also be an ex -
pres sion of a karst struc ture. Anom a lies B and C have a
much smaller foot print. The low est value of these anom a -
lies cor re sponds to one or two grav ity read ings. They could
1) rep re sent op er a tional glitches dur ing the sur vey; 2) re -
flect the dif fi culty of ob tain ing the proper in ner ter rain cor -
rec tions us ing the clinometers at those par tic u lar lo ca tions;
or 3) be min er al iza tion re lated. Anom aly B is lo cated near
the his tor i cal bore hole 98-01, which tested a grav ity anom -
aly de tected dur ing the 1996 sur vey. This short ver ti cal
bore hole in ter sected a 4 m sec tion of 3.26% Zn and 97 ppm
Pb near the sur face (McLeod, 1999). Low core re cov ery, no 
men tion of sulphides in the com pany’s core log and very
low Pb val ues strongly sug gest that this may be di rect-re -
place ment–type nonsulphide Zn min er al iza tion. Two crit i -
cal grav ity read ings on the sur vey line ad ja cent to anom -
aly B are miss ing, com pli cat ing the as sess ment of this
anom aly. Anom aly C cor re sponds to a sin gle anom a lous
read ing. It is lo cated within the Que show ing area. His tor i -
cal chem i cal anal y ses of at least three sam ples col lected
within 100 m of this anom aly re turned be tween 400 and
5000 ppm Pb. Anom aly D is a multistation type. The low est 
Bouguer val ues are con cen trated along a sin gle tra verse,
cut ting across the pro jec tion of the fa vour able car bon ate
ho ri zon that hosts the Main pros pect. This grav ity low may
co in cide with the trace of a north-northeast-trending fault
(with or without associated karst), with probable graben- or 
half-graben–style down-drop east of the fault.

Karst fea tures, such as sink holes, cav erns and so lu -
tion-col lapse brec cias and other struc tures, are rec og nized
to be im por tant con trols on MVT min er al iza tion in sev eral
Pb-Zn dis tricts (e.g., Pine Point, Tri-State, east and cen tral
Ten nes see, up per Mis sis sippi Val ley). In the Cariboo Zinc
area, the karst struc tures may also pro vide the chan nels for
down ward mi gra tion of supergene Zn-bear ing flu ids
and/or re sult in de pres sions of the wa ter ta ble. Both of these 
pos si bil i ties are im por tant for the gen e sis of nonsulphide
wallrock-re place ment Zn-Pb de pos its (Simandl and
Paradis, 2009). Fur ther more, the karst struc tures and re -
lated top o graphic de pres sions are also known to con trol the 
dis tri bu tion of ‘re sid ual- and karst-fill-’ types of
nonsulphide de pos its, as de fined by Heyl and Bozion,

(1962) and Hitzman et al. (2003). We had no strong rea sons
to con sider this cat e gory of nonsulphide Pb-Zn de pos its in
the Salmo area of south ern BC (Simandl and Paradis,
2009); how ever, this cat e gory of min er al iza tion could be
en coun tered in the Cariboo dis trict. Knowl edge of phys i cal
prop er ties of nonsulphide min er al iza tion in the Cariboo
Zinc dis trict would greatly improve the quality of the
interpretation, but such data are not presently available.

CONCLUSION

The area is char ac ter ized by a large num ber of strata -
bound Pb-Zn oc cur rences hosted by dolomitic car bon ates
along a north west-trending belt about 8 km long. Both Pb-
Zn sul phide and nonsulphide types of min er al iza tion are
pres ent at the Flip per Creek, Do lo mite Flats, Main, Gunn
and Que oc cur rences. The con ti nu ity of sul phide and
nonsulphide min er al iza tion ex posed within the Cariboo
Zinc prop erty is not well constrained.

Mod ern ex plo ra tion pro grams are typ i cally in te grated
(i.e., com bin ing tra di tional pros pect ing and map ping with
geo phys i cal and geo chem i cal meth ods). The area was in -
ves ti gated to some ex tent in terms of its Zn-Pb mas sive sul -
phide po ten tial but re mains nearly vir gin in terms of ex plo -
ra tion aimed at nonsulphide base-metal de pos its. Ex ist ing
sur veys could be re in ter preted to iden tify ar eas fa vour able
for nonsulphide min er al iza tion. For ex am ple, the pos si ble
sig nif i cance of the pos i tive Bouguer anom a lies was pre vi -
ously ad dressed. Neg a tive Bouguer anom a lies were not
dis cussed. They should be care fully as sessed to de ter mine
if they re flect karst struc tures, which could be po ten tial
con trols on nonsulphide Pb-Zn ores. Es ti mates of phys i cal
prop er ties of nonsulphide and sul phide min er al iza tion
(based on sam ples col lected in 2009) will fa cil i tate future
interpretation of the geophysical surveys done on the
Cariboo Zinc property.

De tailed lab o ra tory work, in clud ing mi cros copy, scan -
ning elec tron mi cros copy, pow der x-ray dif frac tion, and
geo chem i cal and iso to pic anal y ses will help de velop cus -
tom ized ge netic and ex plo ra tion mod els for sul phide and
nonsulphide Pb-Zn min er al iza tion within the Cariboo
terrane. It may also open the door for use of cut ting-edge
ex plo ra tion tech nol o gies. For ex am ple, de pend ing on veg -
e ta tion cover, the short-wave in fra red spec tral re sponse of
some nonsulphide base-metal ore min er als (e.g. ,
hydrozincite and smithsonite) may make re mote sens ing a
po ten tially cost-ef fec tive ex plo ra tion method that has yet to 
be tested in British Columbia.
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ABSTRACT

There is cur rently no ver mic u lite pro duced within the
Prov ince of Brit ish Co lum bia. Only four lo cal i ties in the
BC MINFILE list ver mic u lite as a com mod ity. High con -
cen tra tions of ver mic u lite were en coun tered in semiconsol -
idated out crops dur ing a hike to ex am ine the Hodgie rare
earth zone in the Blue River area. Fol low-up bib lio graphic
re search in di cates that this is prob a bly a new oc cur rence,
al though sim i lar oc cur rences were de scribed in the Blue
River area by McCammon (1950). Based on our ob ser va -
tions and on the data of McCammon (1950), the oc cur -
rences lo cated in the Blue River area have above-av er age
ver mic u lite con tent and are cer tainly of higher grade than
other known ver mic u lite oc cur rences in the prov ince. Re -
con nais sance-level field ob ser va tions, in-house par ti cle-
size anal y ses and ru di men tary lab o ra tory-scale ex fo li a tion
tests are en cour ag ing. They in di cate that de tailed chem i cal
and min er al og i cal stud ies are the next log i cal step in the as -
sess ment of this and other ver mic u lite oc cur rences in the
Blue River area. Chem i cal anal y ses are re quired to es tab -
lish trace-el e ment lev els of ver mic u lite-bear ing ma te rial, to 
en sure that it does not con tain el e vated lev els of en vi ron -
men tally sen si tive sub stances. Min er al og i cal fol low-up
should es tab lish the ab sence or pres ence of asbestiform
par ti cles. The pres ence of such par ti cles would neg a tively
im pact the de vel op ment of this ver mic u lite re source. If the
out comes of the above-rec om mended tests jus tify more rig -
or ous lab o ra tory and field in ves ti ga tions, then these oc cur -
rences of the Blue River area have the po ten tial to be come
sig nif i cant commercial sources of vermiculite. The closest
operating vermiculite exfoliation plant is in Edmonton,
Alberta, a relatively good location. This plant belongs to
Grace Canada Inc.

INTRODUCTION

Ver mic u lite is a sheet sil i cate with vari able chem i cal
com po si tion. The fol low ing for mula is con sid ered rep re -
sen ta tive: Mg1.8Fe2+

0.9Al4.3SiO10(OH)2·4(H2O). Ver mic u -
lite is com monly bronze col oured, but it can be grey-white,
green ish, brown or colour less. It is char ac ter ized by a scaly
ap pear ance, low den sity (2.3–2.7 g/cm3), a micaceous habit 
and per fect basal cleav age. In di vid ual flakes split with
ease, are soft (1.5 to 2 on the Mohs scale of hard ness) and
pli able, but in elas tic.

Ver mic u lite has a high to tal wa ter con tent that can
reach up to 20%, but com mer cial prod ucts con tain from 6 to 
17 wt. % H2O. When heated to tem per a tures not ex ceed ing
500°C, the wa ter can be driven out from the ver mic u lite,
but the min eral rehydrates readily on ex po sure to hu mid ity
in the air. When heated quickly to tem per a tures in the 870–
1100°C range, ver mic u lite par ti cles ex fo li ate by ex pand ing 
at right an gles to their basal cleav age. The in crease in vol -
ume ex pected from com mer cial prod ucts is 8 to 12 times
the orig i nal vol ume. On a lab o ra tory scale, se lected in di -
vid ual flakes may ex pand up to 30 times their orig i nal vol -
ume. This ex pan sion is be lieved to re sult from the sep a ra -
tion of the lay ers due to the con ver sion of con tained
interlaminar wa ter into steam. Ex panded ver mic u lite is a
pale-col oured, low-den sity, po rous ma te rial that is chem i -
cally in ert and ad sor bent. It has excellent thermal and
acoustic insulation properties and high fire resistance.

Vermiculite Deposits

Eco nomic con cen tra tions of ver mic u lite are be lieved
to form by weath er ing or near-sur face al ter ation of bi o tite
or phlogopite min er als within carbonatite bod ies, ultra -
mafic com plexes or mafic gneiss units. They may also form
re sid ual de pos its as so ci ated with these rock types (Birkett
and Simandl, 1999; Simandl et al., 1999). Given fa vour able 
phys i cal and chem i cal con di tions, ver mic u lite also forms
within a va ri ety of in ter me di ate and fel sic rocks; how ever,
in these set tings, mafic min er als (ver mic u lite pre cur sors)
are pres ent in lower con cen tra tions. It is there fore less
likely that the ver mic u lite oc cur rences hosted by in ter me di -
ate and fel sic rocks will have grades of eco nomic in ter est.
Typ i cal ver mic u lite ore grades range from 20% to 35%, and 
processed products consist of 90% vermiculite (Hindman,
2006).

Carbonatite com plexes may also con tain ni o bium, rare 
earth el e ments (REE), phos phate, flu o rite, zir co nium, ura -
nium, tho rium, ti ta nium, cop per and iron min er al iza tion
(Mariano, 1989; Modreski et al., 1995; Armbrustmacher et
al., 1996; Rich ard son and Birkett, 1996; Birkett and
Simandl, 1999; Simandl et al., 1999; Simandl, 2002). With
the ex cep tion of cop per, these com mod i ties have been pre -
vi ously re ported in the Blue River area.
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Market

Ver mic u lite is used as a light weight ag gre gate in con -
crete; as an ad di tive in a va ri ety of acous tic, ther mal and fire 
in su la tion prod ucts; in soil con di tion ing; as a fer til izer or
in sec ti cide car rier; and in ab sor bent pack ing, paints and
seal ants (Simandl et al., 1999; Hindman, 2006; Pot ter,
2009). It is also used in re frac tory gun ning and castable
mixes, in ver mic u lite dis per sions and in re plac ing as bes tos
in brake lin ings, pri mar ily for the au to mo tive mar ket. Re -
cent in ter est in ver mic u lite-re lated nanotechnology (e.g.,
Weiss et al., 2006) may ul ti mately re sult in new, highly
specialized but significant vermiculite markets.

Ver mic u lite sub sti tutes in light weight con crete and
plas ter are ex panded perlite, clay, shale, slag and slate. In
loose-fill ther mal and fire proof ing in su la tions, com pet ing
ma te ri als are fibre glass, perlite and rock wool. Peat, perlite, 
saw dust, tree bark and syn thetic soil con di tion ers com pete
with ver mic u lite as soil-enhancement products.

World ver mic u lite an nual pro duc tion (Fig ure 1) is ap -
prox i mately 500 000 tonnes (t; Simandl et al., 1999; Pot ter,
2009). In 2008, the main ver mic u lite-pro duc ing coun tries
were South Af rica (200 000 t), China (110 000 t), United
States (100 000 t), Rus sia (25 000 t), Brazil (15 000 t), Aus -
tra lia (15 000 t) and Zim ba bwe (15 000 t). All re main ing
coun tries com bined to ac count for the bal ance, which is
less than 30 000 t (Potter, 2009).

Amer i can im ports, ex clud ing any ma te rial from Can -
ada and Mex ico, were about 54 000 tonnes for the first
8 months of 2008. China pro vided 70% and South Af rica
pro vided 25% of these ex ports (Pot ter, 2009).

Ver mic u lite con cen trate (be fore ex fo li a tion) is a mod -
er ately priced prod uct that is shipped close to the mar ket
be fore be ing ex panded. Dur ing 2008, de pend ing on spec i -
fi ca tions, prices for Amer i can ver mic u lite con cen trate, ex-
plant (i.e., cost not in clud ing trans por ta tion and in sur ance;
in bulk) ranged from US$95 to US$180 per tonne (Moeller,
2008). The av er age unit value of ex fo li ated ver mic u lite in
the United States for 2008 was es ti mated at US$430 per
tonne (Potter, 2009).

Be cause most ver mic u lite pro duc tion is con fined to
only three coun tries, trans por ta tion costs may rep re sent a
large pro por tion of the sell ing price. For ex am ple, the June
2009 prices of South Af ri can ver mic u lite con cen trate
(FOB, bulk, Rot ter dam) ranged from US$280 to US$450
per tonne (Anonymous, 2009).

Mining and Processing Market

Ver mic u lite is nor mally mined by open pit and, in some 
cases, blast ing may be re quired. Pro cess ing of pri mary ver -
mic u lite ores con sists of screen ing, blend ing and dry or wet
ben efi ci ation. Ben efi ci ation may in volve crush ing; air clas -
si fi ca tion or other meth ods sen si tive to par ti cle den -
sity/mor phol ogy (such as win now ing); elec tro static or
high-in ten sity mag netic sep a ra tions; and, in some cases,
even flo ta tion (Hindman, 2006). Con cen trates are typ i cally 
trans ported as close as pos si ble to mar kets before being
thermally or chemically exfoliated.

Vermiculite in British Columbia

There is cur rently no ver mic u lite pro duc tion within the 
prov ince and there are only four oc cur rences listed with
ver mic u lite as a com mod ity in the BC MINFILE da ta base
(BC Geo log i cal Sur vey, 2009). Two of these oc cur rences
were de scribed by White (1990) and tested by Morin and
Lamothe (1991). The Jo seph Lake oc cur rence (MINFILE
093K  077) has very low ver mic u lite con tent (5.6%) and is
of no of eco nomic in ter est (Morin and Lamothe, 1991). The 
Sowchea Creek show ing (MINFILE 093K  083) has a
slightly higher ver mic u lite con tent; how ever, it does not ex -
fo li ate enough to be of eco nomic in ter est (Morin and
Lamothe, 1991). At the Shuttleworth Creek oc cur rence
(MINFILE 082ESW110), ver mic u lite is re ported to be as -
so ci ated with asbestiform anthophyllite. Based on this as -
so ci a tion, it is un likely that this oc cur rence would be con -
sid ered for fol low-up work as a source of ver mic u lite in the
fore see able fu ture. The Ver ity oc cur rence, in the Blue River 
area (MINFILE 083D  005), is carbonatite re lated. There is
no de tailed de scrip tion of the ver mic u lite min er al iza tion in
MINFILE, but brief de scrip tions of ver mic u lite-bear ing
out crops were pro vided by McCammon (1950). One of
these oc cur rences could cor re spond to the coarse min er al -
iza tion (ver mic u lite flakes reach ing more than 15 cm
across) associated with the Upper Fir carbonatite, as
described by Simandl et al. (2007).

VERMICULITE IN THE BLUE RIVER
AREA

Dur ing a hike to ex am ine the newly dis cov ered Hodgie 
rare earth zone in the Blue River area, anom a lous con cen -
tra tions of ver mic u lite were en coun tered along the ac cess
road. The fine-grained, un con sol i dated ver mic u lite-bear -
ing ex po sures, con tain ing flakes less than 6 mm across, are
the main sub ject of this pa per. They were most likely ex -
humed dur ing con struc tion of the ac cess road to the Hodgie
rare earth zone. They may rep re sent a new dis cov ery, but
there is a pos si bil ity that this oc cur rence co in cides with one
of the showings described by McCammon (1950).

Location

The carbonatite-re lated tan ta lum, ni o bium, REE and
ver mic u lite de pos its of the Blue River area (McCammon,
1953; Dahrouge, 2002; Simandl et al., 2002; Com merce
Re sources Corp., 2008) are spa tially and ge net i cally as so -
ci ated. Most of them are ac ces si ble by an ex ten sive net work 
of log ging roads that con nect to High way 5 at the Lem -
priere train sta tion, and are lo cated ap prox i mately 40 km
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Fig ure 1. Main ver mic u lite-pro duc ing coun tries; to tal pro duc tion
for 2008 is ap prox i mately 510 000 tonnes (Pot ter, 2009).



north of the mu nic i pal ity of Blue River (Simandl et al.,
2002).

The ver mic u lite oc cur rence de scribed in this pa per is
lo cated ad ja cent to the three di a mond-drill holes that in ter -
sected the Hodgie rare earth zone, in ves ti gated for its REE
con tent by Com merce Re sources Corp. (2008). The Hodgie 
zone it self is lo cated ap prox i mately 2 km south east and up -
hill from the Fir carbonatite (Com merce Re sources Corp.,
2008). The Fir carbonatite is the main tar get of drill ing and
bulk-sam pling ef forts car ried out by Com merce Re sources

(Fig ure 2). The UTM (Zone 11, NAD 83) co-or di nates of
the main ver mic u lite oc cur rence, sam pled and de scribed in
this doc u ment, are 354137E and 5795372N at an el e va tion
of approximately 1760 m above sea level.

Geological Setting of Blue River
Carbonatites and Fenites

Ver mic u lite was dis cov ered in the Blue River area in
1950 (McCammon, 1950), be fore the car bon ate rocks
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Fig ure 2. Lo ca tion of ver mic u lite and carbonatite oc cur rences in the Blue River area, east-cen tral Brit ish Co lum bia
(mod i fied from Simandl et al., 2002).



closely as so ci ated with ver mic u lite oc cur rences were rec -
og nized to be carbonatites. The carbonatites with as so ci -
ated fenite zones, and the re lated ver mic u lite oc cur rences,
are part of a broad al ka line belt that fol lows the Rocky
Moun tain Trench (Pell, 1994). The Blue River carbonatites
are part of the cen tral por tion of this belt and are lo cated
within the north east ern mar gin of the Shuswap Meta mor -
phic Com plex mapped by Camp bell (1967). These
carbonatites are hosted by the semipelite-am phi bo lite unit
(Fig ure 1) of the Hadrynian Horsethief Creek Group
(Mountjoy, 1992). Dom i nant rock types in the area that host 
carbonatites are am phi bo lite and bi o tite-feld spar-quartz
(±gar net±kyan ite) gneiss. Rocks within the semipelite-am -
phi bo lite unit have reached am phi bo lite-fa cies meta mor -
phism. Sillimanite and kyan ite are re ported to co ex ist in
some of the metapelite lay ers in this area (Camp bell, 1967;
Digel, 1989). The carbonatites are de formed and lo cally
mylonitized, and ap pear to fol low gen eral trends ob served
in the hostrocks. The po tas sium-ar gon dates (White, 1982;
Pell, 1994) ob tained on richterite from the dolomitic Ver ity
carbonatite are prob a bly meta mor phic (92.5 ±3.2 and 80.2
±2.8 Ma). Ura nium-lead dat ing on zir con from the same de -
posit in di cates 325 Ma, prob a bly the em place ment age of
the carbonatite. This zir con date is more com pat i ble with
the slightly older dates from the nearby Mud Lake
carbonatite and Par a dise Lake syenite (363–340 Ma), also
ob tained on zir cons (Pell, 1994). Gneiss es and am phi bo -
lites host nu mer ous cross cut ting or con cor dant pegmatites.
A num ber of these pegmatites are exposed in roadcuts of
the deactivated access road leading to the Hodgie rare earth
zone.

Vermiculite Mineralization

Ver mic u lite is ex posed in a roadcut (break in slope) for
nearly 80 m from the road fork that leads to three drillholes
in ter sect ing the Hodgie rare earth zone (Fig ure 3), ap prox i -
mately 2 km south east and upslope of the Up per Fir
carbonatite. The com pany re ported that 84 grab sam ples
were col lected from float and out crops in the area. Seven

sam ples re turned to tal REEs + yt trium greater than 2.0%,
with a high value of 11.1% (Com merce Re sources Corp.,
2008). The main ver mic u lite ex po sure is ver ti cal, 0.5–3 m
in height and con tin u ous for 80 m (Fig ure 4). It is het er o ge -
neous, highly fri a ble to semiconsolidated and char ac ter -
ized by a lay ered tex ture that rep re sents the orig i nal
gneissic lay er ing of the protolith (Fig ures 5, 6). The min er -
al iza tion is un con form ably over lain by over bur den con -
tain ing clasts of lo cal and ex otic rock types. The un con -
formity is sharp and ir reg u lar, and the bot tom por tion of the
over bur den has some regolith-like char ac ter is tics. The size
of the ver mic u lite par ti cles is equivalent to the size of the
biotite flakes in the surrounding gneiss.

Un con sol i dated, soil-con tam i nated subcrop ma te rial
within the ‘lower’ roadcut (Fig ure 3) also con tains some
ver mic u lite. This ma te rial does not show the well-pre -
served pri mary tex tural fea tures that were ob served within
the up per roadcut, rais ing the pos si bil ity that it may have
slumped to its cur rent po si tion from the upper roadcut area.
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Fig ure 3. Sketch show ing the po si tion of the ver mic u lite oc cur -
rence rel a tive to di a mond-drill holes HO-08-01, HO-08-02 and HO-
08-03, which in ter sected the Hodgie rare earth zone, Blue River
area, east-cen tral Brit ish Co lum bia.

Fig ure 4. An 80 m long ver mic u lite-bear ing out crop, ad ja cent to
the Hodgie rare earth zone, Blue River area, east-cen tral Brit ish
Co lum bia.

Fig ure 5. Ver mic u lite zone show ing lay er ing in her ited from the
protolith (mafic bi o tite gneiss/am phi bo lite), ad ja cent to the Hodgie
rare earth zone, Blue River area, east-cen tral Brit ish Co lum bia;
lay ers dom i nated by am phi bole are dark grey and those dom i nated 
by ver mic u lite are green ish and pale brown.



SAMPLING PROCEDURE AND
LABORATORY WORK

Re con nais sance-type lab o ra tory ex am i na tion cov ers
two ver ti cal chan nel sam ples (2 and 1.5 m in length, weigh -
ing 912 and 610 g, re spec tively) and a grab sam ple (weigh -
ing 492 g) of un con sol i dated, ver mic u lite-bear ing ma te rial. 
Chan nel sam ples 09-SP-306 and 09-SP-307 were taken
per pen dic u lar to the lay er ing and are con sid ered to be rep -
re sen ta tive. Grab sam ple 09-SP-305 rep re sents one of the
soft, high-grade min er al ized layers, approximately 30 cm
thick.

The sam ples were air dried (24 hours at 40ºC) in a Des -
patch In dus tries (USA) LLB Se ries bench oven, weighed
and screened for 2 min utes us ing a CE Ty ler Com bus tion
En gi neer ing Inc. por ta ble sieve shaker (model RX). No
crush ing, at tri tion mill ing or other pro cess ing-en hanc ing
ver mic u lite par ti cle liberation was done.

Grain-Size Distribution and Mineralogy

Most of the par ti cles within the three sam ples that were 
col lected are finer than 2 mm (Ta ble 1). Mac ro scopic ex am -
i na tion in di cates that the main con stit u ents of the un con sol -
i dated min er al iza tion are ver mic u lite, me dium and dark
green am phi boles (pos si bly richterite and hornblende), and 
feld spar (prob a bly plagioclase). A green, vit re ous, trans lu -
cent min eral (prob a bly clinopyroxene) and white, trans lu -
cent, glassy min eral (most likely ap a tite) are the less com -
mon con stit u ents. These min er als are pres ent in all size
frac tions, but their pro por tions vary from sam ple to sam ple. 
Vari a tions are also ob served from one size frac tion to the
next within in di vid ual sam ples. Dark am phi bole is most
abun dant in sam ple 09-SP-307, where the green pyroxene
and plagioclase are mi nor non-ver mic u lite con stit u ents.
The dark green am phi bole is also the main non-ver mic u lite
con stit u ent of sam ple 09-SP-306; how ever, the feld spar
and the green pyroxene are sig nif i cant con stit u ents in this
sam ple. The green, vit re ous, semitransparent min eral, ten -
ta tively identified as clinopyroxene, is the main non-
vermiculite constituent of sample 09-SP-305.

Bi o tite or phlogopite ap pears to have been the main
ver mic u lite pre cur sor in all sam ples. Ver mic u lite and am -
phi bole oc cur mainly as in di vid ual grains; how ever, de -
pend ing on the sam ple and size frac tion, up to 20% of the
grains may be a com pound con sist ing of dis tinct (but at -
tached) ver mic u lite-am phi bole grains. Tex tural ev i dence
sug gests that lim ited di rect con ver sion of am phi bole or
pyroxene to very fine grained ver mic u lite did take place,
but it does not ex plain the or i gin of the ver mic u lite stacks
2 mm or coarser in size. Mag ne tite, il men ite, pyrrhotite, zir -
con, ferrocolumbite, pyrochlore and ol iv ine were iden ti fied 
in the Blue River carbonatites and fenites (Simandl et al.,
2002), so it is pos si ble that they could be pres ent as mi nor or 
trace con stit u ents. Min er al og i cal stud ies, in volv ing po lar -
iz ing mi cro scope, x-ray dif frac tion and scan ning elec tron
mi cro scope or elec tron microprobe, are needed. Care ful
study would also be re quired to con firm that no asbestiform 
minerals are present in the vermiculite-bearing raw ma te r i -
als.

Exfoliation Tests

All ma jor uses of ver mic u lite in volve ex panded prod -
ucts; there fore, when pos si ble, ex fo li a tion tests are per -
formed dur ing the grass-roots stage of ex plo ra tion. The ex -
fo li a tion of ver mic u lite can be achieved us ing a num ber of
meth ods, in clud ing the in ser tion of or ganic com pounds
(e.g., butylammonium) into ver mic u lite interlayers; the de -
com po si tion of H2O2 (hy dro gen per ox ide) that pen e trates
be tween ver mic u lite interlayers (Obut and Girgin, 2002);
mi cro wave treat ment of the con cen trate (Obut et al., 2003);
or ther mal ex fo li a tion (Hindman, 2006). Ther mal pro cess -
ing re mains a work horse of the ver mic u lite in dus try for
high-vol ume mar kets; there fore, ther mal test ing re mains
the most pop u lar ap proach used by the in dus try dur ing
grass-roots mineral exploration and during the screening of 
development projects.

Lab o ra tory-scale ther mal-ex fo li a tion tests have been
car ried out on two subeconomic, very low grade BC oc cur -
rences by Morin and Lamothe (1991). While it is not en -
tirely clear why such low-grade de pos its were tested, the
doc u ment pro vides good ex am ples of the meth od ol ogy
used. The BC Min is try of En ergy, Mines and Pe tro leum Re -
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Fig ure 6. Sharp, ir reg u lar con tact be tween am phi bole-rich (dark
green-grey) and ver mic u lite-dom i nated (beige to pale brown)
semiconsolidated lay ers, ver mic u lite zone ad ja cent to the Hodgie
rare earth zone, Blue River area, east-cen tral Brit ish Co lum bia.

Table 1. Description and grain-size fractions of
vermiculite-bearing samples from outcrop adjacent to
the Hodgie rare earth zone, Blue River area, east-central
British Columbia.



sources does not have the equip ment re quired to carry out
such tests. Some of the handheld, por ta ble pro pane torches
(air only) are able to reach an adi a batic flame tem per a ture
of 1995°C. A pro pane torch is not a sub sti tute for the tests
de scribed in the pre vi ous para graph, but it is used in the
early screen ing of po ten tial perlite or ver mic u lite ores. Ru -
di men tary qual i ta tive to semiquantitative ex pan sion tests
were car ried out on the <1 mm, 1–2 mm and 2–4 mm size
frac tions of raw sam ples (con sist ing of ver mic u lite and
gangue minerals). The results of these tests are described in
Table 2.

Mini-sam ples of the in di vid ual size frac tions, mea sur -
ing 2 cm3 in vol ume, were weighed and then de pos ited in a

red-hot cru ci ble. The tem per a ture was main tained us ing a
pro pane torch (Fig ure 7). Heat ing of the con tainer con tin -
ued for 3 min utes, or un til the ex pan sion ceased. When the
sam ple cooled, the vol ume of the ex fo li ated ma te rial was
mea sured (Fig ure 8; Ta ble 2, col umn 5). The vol ume of the
mini-sam ple af ter ex fo li a tion di vided by its orig i nal (pre-
ex fo li a tion) vol ume, in this case 2 cm3, is indicative of
volume increase (Table 2, column 7).

The ex panded ver mic u lite had a very low den sity and
was sim ply floated us ing wa ter (Fig ure 9). The floated ex -
panded ver mic u lite com po nent from each size frac tion of a
given sam ple was col lected and ex am ined un der bin oc u lar
mi cro scope. It con sis tently ex ceeded 99.5% per vol ume.
The ‘heavy min er als com po nent’ of the same size frac tion
(par ti cles denser than ex panded ver mic u lite) was air dried
and weighed (Ta ble 2, col umn 6). This com po nent con -
sisted mainly of gangue min er als, but the fine size frac tions
(<1 mm in di am e ter) of each sam ple con tained up to 20% of
ex panded ver mic u lite by vol ume. The coarse (2–4 mm) and 
me dium (1–2 mm) size frac tions of the heavy min eral com -
po nent con tained consistently less than 5% expanded
vermiculite per volume.

A semiquantitative es ti mate of the ver mic u lite grade of 
spe cific frac tions of the three sam ples (Ta ble 2, col umn 8)
was de ter mined by sub tract ing the heavy min eral com po -
nent af ter ex fo li a tion (Ta ble 2, col umn 6) from the weight
of the mini-sam ple prior to ex fo li a tion (Table 2, column 4).

Trace-el e ment chem i cal anal y ses of the ver mic u lite
raw ma te rial and/or ver mic u lite con cen trate are re quired.
Ex ces sive con cen tra tions of base met als or ra dio ac tive el e -
ments could re duce the mar ket abil ity of the prod uct. Sim i -
larly, a de tailed min er al og i cal study would be re quired to
en sure that no asbestiform min er als are pres ent in the
vermiculite-bearing raw materials.

Summary of Laboratory Work

No at tempt was made to up grade the un con sol i dated to
weakly con sol i dated ver mic u lite-bear ing sam ples prior to
test ing. Re sults shown in Ta bles 1 and 2 are use ful for pre -
lim i nary as sess ments of the oc cur rence, in re la tion to other
BC occurrences.
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Table 2: Results of the rudimentary laboratory-scale, thermal-exfoliation tests on raw materials (without
vermiculite pre-concentration) and vermiculite grade estimates, based on samples.

Fig ure 7. Crude lab o ra tory set-up used to ex fo li ate ver mic u lite-
bear ing rock sam ples taken from the out crop ad ja cent to the
Hodgie rare earth zone, Blue River area, east-cen tral Brit ish Co -
lum bia.



The data con firm the fol low ing: 

· Ver mic u lite is pres ent within the three sam ples.

· Ver mic u lite grades are higher than grades re ported
else where in the prov ince and could lo cally ex ceed
50 wt. %.

· Most of the par ti cles com pos ing the three sam ples are
smaller than 2 mm.

· Ver mic u lite con tent var ies from sam ple to sam ple.

· Ver mic u lite is most abun dant in the coarse frac tion of
sam ple 09-SP-305 and low est in the fin est frac tion.
The op po site is true for sam ples 09-SP-306 and 09-SP-
307, which have higher am phi bole con tent than sam -
ple 09-SP-305. This is a re flec tion of the min eral com -
po si tion of the protolith.

· Min er al og i cal com po si tion of each of the three sam -
ples var ies ac cord ing to size fraction.

· Raw sam ples of ver mic u lite-bear ing rock from the
Blue River area ex fo li ate to a sig nif i cant ex tent (Fig ure 
10a–c); how ever, it is un likely that op ti mal op er at ing
con di tions were achieved for ver mic u lite ex fo li a tion
dur ing our ex fo li a tion ex per i ments us ing the pro pane
torch. Better re sults are ex pected if the tests are per -
formed to the standards of the Vermiculite Institute.
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Fig ure 8. Change in vol ume caused by ver mic u lite ex fo li a tion, 2–4 mm frac tion of sam ple 09-SP-305,
out crop ad ja cent to the Hodgie rare earth zone, Blue River area, east-cen tral Brit ish Co lum bia: a) pre-
ex fo li a tion, and b) af ter ex fo li a tion.

Fig ure 9. Sep a ra tion of ex panded ver mic u lite par ti cles from the
gangue and ver mic u lite-gangue com pos ite grains of sam ples from
out crop ad ja cent to the Hodgie rare earth zone, Blue River area,
east-cen tral Brit ish Co lum bia; ex panded ver mic u lite grains (left
test tube) were sep a rated by flo ta tion (us ing wa ter); com pos ite
grains, where ver mic u lite is at tached to am phi bole or other par ti -
cles, have a ten dency to re main within the gangue frac tion (right
test tube).



DISCUSSION

The ver mic u lite oc cur rence dis cussed in this pa per
may prove to be eco nom i cally sig nif i cant be cause 1) it has a 
rel a tively high ver mic u lite con tent, 2) re lated ru di men tary
ex fo li a tion stud ies are en cour ag ing, 3) there is cur rently no
ver mic u lite (or perlite, the main sub sti tute for ver mic u lite)
pro duc tion in Brit ish Co lum bia, and 4) the size of the sur -
face ex po sure is en cour ag ing. Ev i dence from the roadcuts
in di cates that, at least lo cally, carbonatites and fenites are
heavily weath ered (or oth er wise al tered) to depths in ex -
cess of 3 m. Since ver mic u lite is chem i cally in ert, re sid ual
un con sol i dated de pos its may be found in other parts of the
Blue River prop erty. The dis cov ery of this oc cur rence led
to bib lio graphic re search, which in di cates that other ver -
mic u lite oc cur rences were re ported and rel a tively well de -
scribed in the Blue River area by McCammon (1950).
These occurrences should be located and examined.

De tailed min er al og i cal and geo chem i cal in ves ti ga -
tions are needed in the next stage of the in ves ti ga tion.
Trace-el e ment chem i cal anal y ses are re quired be cause ex -
ces sive con cen tra tions of base met als or ra dio ac tive el e -
ments could re duce the mar ket abil ity of the prod uct. Sim i -
larly, a de tailed min er al og i cal study would be re quired to
en sure that no asbestiform min er als are pres ent in the ver -
mic u lite-bear ing raw ma te ri als. De pend ing on the out come
of these min er al og i cal and chem i cal stud ies, more rig or ous
tests in volv ing ver mic u lite pre-con cen tra tion and ex fo li a -
tion tests may be justified and would be recommended prior 
to drilling or trenching.

Since the ver mic u lite-rich out crops are lo cated near
the three di a mond-drill holes (HO-08-1, HO-08-2 and HO-
08-3) that in ter sect the Hodgie rare earth zone in the Blue
River area, ver mic u lite oc cur rences should be an a lyzed for
REEs. A de tailed de scrip tion of core (in clud ing min er al ogy 
and geo chem is try) from holes in ter sect ing the Hodgie rare
earth zone has not yet been re leased, and there is a pos si bil -
ity that it is also ver mic u lite rich. Ver mic u lite is con sid ered
by many re search ers as a va ri ety of clay. It has cat ion ex -
change ca pac ity (CEC) in the range 100–150 milli -
equivalents per 100 g, more than most com mon clay va ri et -
ies. There fore, the re mote pos si bil ity that this ver mic u lite
min er al iza tion also con tains some REEs ad sorbed (loosely
bound) to the sur faces of the ver mic u lite laminae (anal o -
gous to the REE-bear ing ionic ad sorp tion halloysite-
kaolinite ores of China) should also be investigated.

CONCLUSION

Ver mic u lite oc cur rences in the Blue River area have
higher ver mic u lite con tent than any other ver mic u lite oc -
cur rences in Brit ish Co lum bia. These con cen tra tions are
com pa ra ble to the ver mic u lite grades in cur rently pro duc -
ing mines in other parts of the world. The re sponse of raw
ver mic u lite-bear ing ma te rial to the ex fo li a tion tests is en -
cour ag ing. The next step should in clude de tailed min er al -
og i cal and chem i cal stud ies. Ex ces sive lev els of base met -
als or ra dio ac tive el e ments may sig nif i cantly re duce the
range of po ten tial uses for the ex panded ver mic u lite. Sim i -
larly, de tailed min er al og i cal study is re quired to es tab lish
that no asbestiform min er als are pres ent in the ver mic u lite-
bear ing raw ma te ri als. If the out come of these stud ies is
pos i tive, then rig or ous met al lur gi cal test ing (ver mic u lite
pre-con cen tra tion fol lowed by stan dard ex fo li a tion tests),
map ping, trench ing and drill ing to es tab lish the size and
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Fig ure 10. a) Ex fo li ated ver mic u lite-rich ma te rial de rived from 2–
4 mm size frac tion of sam ple 09-SP-305, Blue River area, east-
cen tral Brit ish Co lum bia. b) Ver mic u lite par ti cles ex pand ing at right 
an gles to their basal cleav age. c) Close-up of ex panded ver mic u -
lite. In all three cases, the 2 mm grid is used for scale.



grade of the deposit may be warranted. Vermiculite-bearing 
samples should be also analyzed for REEs.
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Niobium-Thorium-Strontium-Rare Earth Element Mineralogy and
Preliminary Sulphur Isotope Geochemistry of the Eaglet Property, East-

Central British Columbia (NTS 093A/10W)

by Z.D. Hora¹, A. Langrová², E. Pivec³ and K. Žák²

KEYWORDS: Ea glet de posit, MINFILE
093A 046, flu o rite, ce lest ite, pyrochlore, thor -
ite, titanbetafite, bastnaesite, sul phur iso topes

INTRODUCTION

The Ea glet flu o rite prop erty (MINFILE
093A  016) is lo cated on the north east ern side
of Quesnel Lake in east-cen tral Brit ish Co -
lum bia in NTS area 093A/10W (Fig ure 1).
The his tory, ex plo ra tion ac tiv i ties, geo log i cal
set ting, pe trog ra phy, min er al ogy and es ti -
mated re source po ten tial of the prop erty have
been pre vi ously de scribed in Hora et al.
(2008). That study iden ti fied sev eral min er als
not pre vi ously known from this flu o rite de -
posit, in clud ing pyrochlore, thorite and rare
earth el e ment (REE)-en riched car bon ate. In
this pa per, new data on the chem i cal com po si -
tion, al ter ation and in ter re la tion ships of these
un usual min er als have been col lected. In ad -
di tion, the sul phur iso tope com po si tion of ce -
lest ite and com mon sul phide min er als was
mea sured in sev eral sam ples col lected in the
study area. Min er al og i cal and sul phur iso tope
stud ies were un der taken in Prague at the In sti -
tute of Ge ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, us ing the meth od ol o gies de -
scribed in Hora et al. (2008), and the Czech
Geo log i cal Sur vey, Czech Re pub lic.

NIOBIUM-THORIUM-TITANIUM-
RARE EARTH ELEMENT
MINERALOGY

Pyrochlore ((Na, Ca)2(Nb, Ca)2O6(O,
OH, F)) is the dom i nant min eral in this group;
it oc curs as small (~50 µm in di am e ter) iso -

met ric grains, which com monly have par tially pre served
octahedron crys tal hab its. Pyrochlore also forms crys tal -
line ag gre gates up to 150 µm in width; these ag gre gates are
com monly as so ci ated with zir con, kaolinite and uraninite
in a ma trix of K-feld spar. The most abun dant el e ments
mea sured by the elec tron microprobe are Nb, Ti (Fig ure 2)
and U, which is as ex pected for pyrochlore. The pyrochlore
from the Ea glet prop erty (Ta ble 1) also has rel a tively high
FeO con tents (up to 19.22%). Other no ta ble ob ser va tions
in clude an in verse cor re la tion be tween cal cium and ura -
nium abun dances with ni o bium (Ta ble 1); this is likely the
re sult of al ter ation in ten sity (Fig ures 3a–d). The al ter ation
and par tial re place ment of pyrochlore is es pe cially well-de -
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Fig ure 1. Lo ca tion of study area, north east ern side of Quesnel Lake, east-cen tral
Brit ish Co lum bia.
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vel oped along crys tal mar gins; its de vel op ment im parts a
light grey col our to the crys tal mar gins. Uraninite and an
un iden ti fied highly hy drated min eral with 59.6% ThO2 and
10.1% CaO oc cur as al ter ation prod ucts of pyrochlore. The
iden ti fi ca tion of uraninite as an al ter ation prod uct of
pyrochlore is sug gested by the un usual abun dance of Nb,
Ti, Fe and Ca (Ta ble 1).

A car bon ate min eral com pound of La, Ce, Gd and Sm,
prob a bly bastnaesite ((La, Ce)CO3F), com monly oc curs in
as so ci a tion with pyrochlore (Fig ures 3a–c). Bastnaesite
fre quently forms mi nor in clu sions in pyrochlore (Fig -
ure 3c) and some in di vid ual bastnaesite grains range up to
10 µm in length. It is also found in cav i ties and frac tures in
other min er als such as py rite.

Thorite (ThSiO4) is an other com mon min eral found in
this min eral as so ci a tion from the Ea glet prop erty; it oc curs
as iso met ric grains typ i cally about 100 µm in di am e ter.

Thorogummite ((Th, U)SiO4(OH)4; Fig ure 3f) com monly
forms a re ac tion rim around a cen tral core of thorite.

Titanbetafite, a titaniferous mem ber of the pyrochlore
fam ily, is the least com mon min eral iden ti fied in sam ples
ex am ined from the Ea glet prop erty (Fig ures 2, 3e); it is
pres ent as xenomorphic grains, which can reach up to
100 µm in length. The ni o bium con tent of titanbetafite is
more vari able than that of pyrochlore.

In con clu sion, the Nb-Th-Ti-REE group of min er als
ex hibit ex ten sive re place ment re ac tions along their con -
tacts with ad ja cent sil i cate min er als and al ter ation prod -
ucts. This find ing sug gests that the Nb-Th-Ti-REE group of 
min er als may rep re sent an early stage of the min er al iza tion
pro cess in the de posit.

SULPHUR ISOTOPE GEOCHEMISTRY

The pres ence of ce lest ite (SrSO4) has been rec og nized
at the Ea glet prop erty since the de posit’s dis cov ery. Al -
though early ex plo ra tion pro grams by Ea glet Mines Ltd.
did not in clude anal y sis for stron tium, the sys tem atic in -
duc tively cou pled plasma–mass spec trom e try an a lyt i cal
work con ducted later by Freeport Re sources Inc. led to the
dis cov ery of the wide spread dis tri bu tion of ce lest ite
through out the de posit. Val ues com monly in ex cess of
10 000 ppm Sr were re ported from drillcore sam ples (Hora,
2005). A pre lim i nary sul phur iso tope study of ce lest ite and
sev eral sul phide min er als (py rite and mo lyb de nite) was un -
der taken to pro vide a better un der stand ing of the Ea glet de -
posit.

Ce lest ite-en riched zones were sep a rated from the sam -
ples by a com bi na tion of crush ing and hand-pick ing; the
sam ples were then ho mog e nized in an ag ate mor tar, dis -
solved in di luted HCl and the in sol u ble re sid uum fil tered
off. The dis solved sul phate was then pre cip i tated as BaSO4

by the ad di tion of a so lu tion of BaCl2. The BaSO4 was con -
verted to SO2 gas fol low ing the method out lined in Haur et
al. (1973) with mod i fi ca tions de scribed in Yanagisawa and
Sakai (1983).

Sul phide min er als were hand-picked from crushed
sam ples and ox i dized to SO2 fol low ing the pro ce dure in
Grinenko (1962). The sul phur iso tope com po si tions of the
pre pared SO2 gas sam ples were mea sured us ing a Finnigan
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Fig ure 2. Ter nary Ti-Nb-Ta di a gram (from Godovikov,
1975) of Ea glet de posit min er als, east-cen tral Brit ish
Co lum bia. Points cor re spond ing to titanbetafite were
mea sured within one grain, whereas the clus ter of
points cor re spond ing to pyrochlore rep re sents 15
mea sure ments in mul ti ple ad ja cent grains.

Uraninite

ThO2 0 0.01 0.37 0 0.04 73.73 71.69 66.35 66.18 0.38
TiO2 5.65 7.02 9.68 70.71 93.01 0.72
Nb2O5 70.79 61.72 56.87 19.67 3.65 4.75
Ta2O5 2.17 2.15 0.61 0.69 0.17 0
U2O3 1.27 9.57 6.76 0 0 1.9 2.44 1.85 1.71 92.65

MnO 0.77 0 0.15 0.23 0.02 0
FeO 19.22 0.59 3.55 5.23 1.02 0.01 0.3 0.16 1.17 1.28
CaO 0.12 8.25 4.21 0.05 0.02 0.33 0.32 0.65 2.14 0.91
Na2O 0 0.33 0.4 0.06 0.06 0
SiO2 0 0 2.58 0.42 0.04 18.33 18.19 17.07 15.07 0

Total 99.99 89.64 85.18 97.06 98.03 94.3 92.94 86.08 86.27 100.69

a.p. 4 5 11 12 13 15 16 17 18 x

Explanation: a.p., analytical points from Figure 2; x, not represented on Figure 2; empty spaces, elements not 
analyzed.

ThorogummiteOxide 

(%)

Pyrochlore Titanbetafite Thorite

Table 1. Major-element content of representative minerals of niobium, thorium and
uranium, Eaglet prospect, east-central British Columbia.
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Fig ure 3. Scan ning elec tron mi cro scope pho to mi cro graphs show ing a) par tially re placed pyrochlore (Pch) crys tals in host sil i cates with al -
tered rims (dark shade); white dots are bastnaesite (scale bar 100 µm); b) cor roded and al tered crys tal of pyrochlore; large white grain cor re -
sponds to bastnaesite; an a lyt i cal points 4 and 5 (dark field), 6 (pale grey field) (scale bar 20 µm); c) typ i cal oc cur rence of pyrochlore; small
white grains cor re spond to bastnaesite (scale bar 20 µm); d) par tially re placed pyrochlore rimmed by darker al tered zones cor re spond ing to
al tered pyrochlore; en closed white grain (an a lyt i cal point 9) is un iden ti fied hy drated min eral close to thoria nite; an a lyt i cal points 7, 8, 9, 10
and 11 (scale bar 50 µm); e) titanbetafite (Tb) with vari able con tents of ni o bium; an a lyt i cal points 12, 13 and 14 (scale bar 20 µm); f) thorite
(Th) re placed by thorogummite (Tg); an a lyt i cal points 15, 16, 17 and 18 (scale bar 50 µm).



MAT 251 mass spec trom e ter in the lab o ra to ries of the
Czech Geo log i cal Sur vey, in Prague. Over all un cer tainty in 
an a lyt i cal mea sure ments of d34S from both sul phate and
sul phide min er als is ±0.2‰. Anal y ses are re ported rel a tive
to the Can yon Diablo troilite (CDT) stan dard.

RESULTS

The sul phur iso tope anal y ses yielded the data pre -
sented in Ta ble 2.

DISCUSSION

Mea sure ments of d34S from ce lest ite that range be -
tween 6.00 and 12.91‰ (CDT) ex clude the pos si bil ity of
pre cip i ta tion from meta mor phic flu ids mo bi liz ing ma rine
evaporites or of hy dro ther mal mo bi li za tion of sul phate
min er als from evaporites of ma rine or i gin. Through out the
Earth’s his tory, ma rine evaporites have had sul phate d34S
val ues greater than 10‰ (greater than 25‰ dur ing the Late
Pro tero zoic) and dur ing the Mis sis sip pian, the pre sumed
age of the Ea glet pros pect host in tru sion, d34S val ues were
greater than 20‰ (CDT). Only mi nor sul phur iso tope frac -
tion ation is im parted dur ing meta mor phism of mas sive ac -
cu mu la tions of evaporitic sul phate min er als or dur ing hy -
dro ther mal mo bi li za tion of sul phate min er als fol lowed by
sul phate pre cip i ta tion (in the or der of a few sul phur iso -
topes per mil). The only ex cep tion is a high-tem per a ture
sul phur iso tope ex change be tween sul phide and sul phate
min er als, which can sig nif i cantly al ter the iso tope com po -
si tion of both min er als.

The sul phide min er als (py rite and mo lyb de nite) have
d34S val ues of -4.8‰ (CDT). The dif fer ence be tween the
d34S val ues of sul phide min er als and those of sul phate min -
er als is ~12–15‰. Iso tope frac tion ation be tween sul phate
and sul phide min er als can be used as a geothermometer
(Ohmoto and Rye, 1979); when re duced and ox i dized, sul -
phur min er als reach iso tope equi lib rium and the sul phide-
sul phate frac tion ation re ported here cor re sponds to tem per -
a tures of 450–540°C. More work is re quired to ver ify the
oc cur rence of iso tope ex change equi lib rium in sul phide
and sul phate min er als; in the ab sence of such ver i fi ca tion,
there are sev eral ways to in ter pret the data:

· the sul phate min er als (e.g., ce lest ite) and sul phide
min er als (py rite and mo lyb de nite) were formed in de -
pend ently, at dif fer ent stages of the ore-form ing pro -
cess;

· the sul phate min er als and sul phide min er als formed
fol low ing the mo bi li za tion of sulphur from dif fer ent
crustal res er voirs; and

· the sul phate min er als and sul phide min er als were in -
flu enced by high-tem per a ture (~450–540°C) iso tope
ex change be tween re duced and ox i dized sul phur spe -
cies.

SUMMARY

In con clu sion, the Nb-Th-Ti-REE group of min er als
may rep re sent an early stage of the min er al iza tion pro cess
in the Ea glet de posit. The sul phur iso tope stud ies al low for
sev eral in ter pre ta tions of the re sults and more work is re -
quired to ver ify which in ter pre ta tion ap plies to the Ea glet
de posit.
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Evaluation of ‘Reduced’ Intrusive-Related Gold Mineralization in the Area
West of Cranbrook, Southeastern British Columbia (NTS 082F/08, 16)

S.G. Soloviev1

KEYWORDS: East Kootenay, Purcell Supergroup, Bay -
onne plutonic belt, in tru sive-re lated gold, thrust fault, min -
er al ized stockwork, coarse gold, hy dro ther mal al ter ation,
geo chem is try

INTRODUCTION

Gold min er al iza tion is wide spread in the vi cin ity of
Cranbrook in south east ern Brit ish Co lum bia but es pe cially
abun dant some 5–30 km west of the town, where many sig -
nif i cant Au pros pects have been known since the 19th and
early 20th cen tu ries (Fig ure 1). Since then, sev eral ex plo ra -
tion cam paigns have been un der taken in this area, re sult ing
in the dis cov ery of nu mer ous Au oc cur rences and de lin ea -
tion of lo cal small Au re sources. Re cent ‘peaks’ in ex plo ra -
tion oc curred in 2002–2004, when Chapleau Re sources
Ltd. con ducted mas sive data com pi la tion, pros pect ing and
rock and soil sam pling pro grams, fol lowed by al most
7000 m of re con nais sance, struc tural and de lin ea tion drill -
ing. In 2007–2008, Ruby Red Re sources Inc. also un der -
took sig nif i cant di a mond-drill ing. These stud ies iden ti fied
many new min er al ized show ings and dem on strated styles
of Au min er al iza tion char ac ter is tic of prox i mal and dis tal
in tru sive-re lated set tings. This con trib uted to a better un -
der stand ing of likely in tru sive-re lated Au min er al iza tion in 
south east ern BC. Gold exploration continues in the area,
making it worthwhile to summarize and interpret some of
the existing data.

EXPLORATION HISTORY

Placer Au was first dis cov ered in the East Kootenay re -
gion at Wildhorse River, Moyie River, Perry Creek and
Palmer Bar Creek in the 1860s, re sult ing in a Au rush and
con struc tion of the town of Fort Steele. Al though no re li -
able es ti mate of Au pro duc tion ex ists, the Wildhorse River
is be lieved to have pro duced more than $20 mil lion in Au
from placer min ing, sug gest ing to tal Au pro duc tion of ap -
prox i mately 1.7–2.5 mil lion oz. (BC Min is try of En ergy,
Mines and Pe tro leum Re sources, 1898). Sig nif i cant placer
Au pro duc tion also oc curred within the Perry Creek drain -
age and in the Moyie River ba sin. The East Kootenay re -
gion also un der went ex plo ra tion for ‘Sullivan-type’ sed i -
men tary-ex ha la tive (SEDEX) Pb-Zn min er al iza tion

fol low ing the dis cov ery of the Sullivan mine in the late 19th

century.

The area west of Cranbrook has un der gone mul ti ple
ep i sodes of Au ex plo ra tion, be gin ning in the early 20th cen -
tury, that led to the dis cov ery of nu mer ous min eral pros -
pects. Many his tor i cal work ings are pres ent in the area. The 
larg est of them in clude adits, shafts and open cuts (now
caved) at the Co lum bia vein (MINFILE 082FSE009; BC
Geo log i cal Sur vey, 2009), Homestake (082FSE012),
Shake speare (082FSE119), Leader (082FNE060) and
other higher grade Au-bear ing quartz veins (‘lodes’). More
re cently, lode Au ex plo ra tion in the area in cluded pros pect -
ing, soil sam pling, very low fre quency elec tro mag netic
(VLF-EM) sur veys, geo log i cal map ping, bull dozer trench -
ing and sam pling for heavy-min eral con cen trates (e.g.,
Troup and Wang, 1981; Holcapek, 1982). Some of the
larger quartz veins were drilled, but sam ples re turned only
spo radic (al though lo cally high-grade) in ter cepts of Au
(Ridley and Troup, 1984; Hardy, 1986). Drilling was also
conducted on the Zeus claims to the east.

In 1985–1987, Part ners Oil & Min er als Ltd. es tab -
lished the pres ence of a large and strong Au-in-soil anom -
aly near Gold Run Lake (Brewer, 1987). Also in the mid-
1980s, the old Yel low Metal pros pect was ex plored us ing
soil geo chem is try and ground geo phys ics (Mark, 1986). In
1993, Con sol i dated Ram rod Gold Corp. ex panded the soil
anom aly and es tab lished its re la tion ship to a north-north -
east-strik ing Au-min er al ized vein–shear-zone sys tem
(Klewchuk, 1994). In 1999, more de tailed sur face pros -
pect ing and rock geo chem is try es tab lished the pres ence of
wide spread anom a lous Au in bed rock, as so ci ated with
quartz-py rite stockworks and brec cias. This style of Au
min er al iza tion is dis tinctly dif fer ent from the high-grade
lode Au oc cur rences (Klewchuk, 2000). In 2000, Na tional
Gold Cor po ra tion ex panded the soil anom aly in a north -
east erly-trending zone mea sur ing 3.5 km by 2.0 km
(Klewchuk, 2000, 2001). Sub se quent work established this 
occurrence as the Zinger prospect (MINFILE 082FSE122).

In 1983–1985 and 1990–1991, sig nif i cant ex plo ra tion
was  con  duc ted  on  the  Bar  p ros  pec t  (MINFILE
082GSW068), ini tially tar get ing its base-metal po ten tial
(Mc Don ald, 1986) and then its Au (Leask, 1992) po ten tial.
A large multi-el e ment geo chem i cal anom aly was iden ti fied
and fol low-up trench ing un cov ered a se ries of Au-min er al -
ized zones as so ci ated with strongly al tered syenite dikes.
High lights of the trench ing in cluded 4.52 g/t Au over
26.0 m, in clud ing 7.42 g/t Au over 11.0 m, 3.08 g/t Au over
18.0 m, 2.09 g/t Au over 16.0 m and 1.54 g/t Au over 30 m
(Leask, 1992). The Au min er al iza tion was traced in
trenches for 280 m along strike and re mained open ended.
In 2002, Chapleau Re sources Ltd. gen er ally con firmed the
Au grades and in ter vals en coun tered in the trenches. In ad -
di tion, an ex ten sion of the min er al ized struc ture far ther
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west and east was con firmed by sur face rock sam pling, es -
tab lish ing a to tal strike length for the mineralized structure
in excess of 1 km (Soloviev, 2003).

In 2002–2004, Chapleau Re sources Ltd. con ducted
sig nif i cant ex plo ra tion work on the ma jor ity of the pros -
pects found in the area. Re con nais sance-style and de tailed
fol low-up pros pect ing and rock geo chem i cal sam pling
were con ducted on the Bar, Zeus, ELCR (MINFILE
082FSE117), Wuho, Zinger, Gar (082FSE065), Leader,
Lov and other pros pects, cov er ing a to tal area in ex cess of
650 km2. De tailed pros pect ing was car ried out on the Bar,
Zeus, ELCR, Wuho, Zinger and Gar pros pects. Grid soil-
geo chem i cal sam pling was con ducted on three pros pects
(Bar, Zinger and Zeus); on Zinger, the soil sam pling cov -

ered an area mea sur ing 18 km by 3 km. The Bar and Zinger
pros pects were drilled (7000 m in to tal). In 2007–2009,
Ruby Red Re sources Ltd. con ducted an other round of ex -
plo ra tion, which in cluded di a mond-drill ing, on the Gar and 
Zeus pros pects (e.g., Ran som, 2006; Klewchuk et al.,
2007). The drill ing en coun tered Au and Cu min er al iza tion
in zones of in tense hydrothermal alteration associated with
the intrusive bodies.

DISTRICT GEOLOGY AND
METALLOGENY

The Cranbrook area of south east ern BC lies west of the 
Rocky Moun tain Trench within the Purcell Anticlinorium
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Fig ure 1. Geo log i cal set ting of the Cranbrook area (com piled af ter Brown, 1998; BC Geo log i cal Sur vey, 2009), south east ern Brit ish Co lum -
bia, show ing re gional mag netic sur vey data (MapPlace, 2009). Leg end: 1, Me so zoic (mid-Cre ta ceous ?) quartz monzonite to granodiorite
and gran ite in tru sive rocks (Bayonne plutonic belt); 2, syenite to quartz syenite dike (not to scale); 3, ma jor fault zone; 4, sug gested con -
cealed fault (airphoto lin ea ment); 5, strong and mod er ately strong pos i tive mag netic anom aly (to tal mag netic in ten sity); 6, large zone of
quartz vein ing; 7, min eral oc cur rence.



of the Omineca orogenic belt, a Pro tero zoic pericratonic
terrane sub jected to tec tonic and mag matic ac ti va tion (of
dis tal subduction-re lated and/or anorogenic type) that oc -
curred mainly in the Me so zoic (e.g., Hoy and Van der
Heyden, 1988; Hoy, 1993). The area com prises an older
(Pre cam brian) metasedimentary pack age and youn ger
(Me so zoic) igneous suites.

Precambrian Metasedimentary and Igneous 
Rocks

The Cranbrook area is un der lain by Mesoproterozoic
terrigenous clastic, car bon ate and mi nor vol ca nic rocks of
the Purcell Supergroup that are be lieved to have been de -
pos ited in an intracontinental rift sys tem (e.g., Hoy, 1993;
Hoy et al., 1995; Lydon, 2007). They in clude the basal
Aldridge For ma tion, com posed of siliciclastic turbidites
4000 m thick and in for mally di vided into the lower, mid dle
and up per units. The lower Aldridge, the base of which is
not ex posed, com prises about 1500 m of thin- to me dium-
bed ded argillite, wacke and quartzitic wacke, gen er ally in -
ter preted as dis tal turbidites. The Sullivan SEDEX orebody 
oc curs at the top of this di vi sion (Lydon, 2007). The mid dle
Aldridge con tains about 2500 m of grey to rusty, dom i -
nantly me dium-thick–bed ded, quartzitic wacke turbidites
with mi nor thin-bed ded argillite, some of which forms
finely lam i nated marker beds (time strati graphic units cor -
re lated over great dis tances within the Purcell Ba sin). The
up per Aldridge in cludes about 300 m of dark argillite and
grey siltite. The Aldridge For ma tion is tec toni cally (?)
over lain by the Creston For ma tion, con sist ing of quartz ite
and grey, green and ma roon wacke up to 1800 m thick (Hoy, 
1993). In turn, the Creston For ma tion is over lain by the
Kitchener For ma tion, which in cludes oolitic lime stone and
dolomitic siltstone (Hoy, 1993). The Purcell Supergroup
has been in truded by sills and some what dis cor dant sheets
and dikes of the 1443 ±10 Ma Moyie Sill suite, which are
most prominent in the lower portions of the Aldridge
Formation.

Mesozoic Plutonic Suite(s)

In the Cranbrook area, the Purcell Supergroup is in -
truded by a num ber of dikes, stocks and larger plutons of
mostly granodiorite, monzonite and pos si bly syenite com -
po si tion, which are as signed to the Me so zoic. How ever,
their age re la tion ships are not well constrained.

The larger in tru sions, com posed es sen tially of
granodiorite, likely cor re spond to the mid- Cre ta ceous
Bayonne plutonic suite. As de fined by Lo gan (2002), this
suite com prises monzogranite, granodiorite, bi o tite gran ite
and bi o tite-mus co vite gran ite. The Bayonne suite in tru -
sions oc cupy north-north east-trending cor ri dors in the
larger north-trending mag matic belt that roughly par al lels
the ori en ta tion of ma jor Cordilleran struc tures in the re -
gion. These plutons in clude the Reade Lake stock (94 Ma,
U-Pb method) in the north east ern part of the area (Fig ure 1)
and pos si bly the Kiakho stock (122 Ma, K-Ar method) in
the south east ern part of the Bar pros pect (Hoy and Van der
Heyden, 1988). These stocks are alkalic, with a rel a tive en -
rich ment of al kali el e ments within the Kiakho stock. Other
likely Bayonne suite in tru sions in the area in clude the large
(at least 2 km by 1 km) granodiorite to gran ite stock out -
crop ping on the Gar pros pect (Grassy Moun tain) and the
large granodiorite stock in the Palmer Bar Creek area.

The air borne mag netic sur vey data (MapPlace, 2009)
show the pres ence of a large pos i tive mag netic anom aly
sur round ing the Reade Lake pluton and ex tend ing roughly
north east ward. This sug gests that the pluton has much
greater di men sions at depth and that its em place ment or
mod i fi ca tion was con trolled by the north east- to north-
north east-trending lin ea ments (Fig ure 1). The smaller
stocks are also ac com pa nied by pos i tive mag netic anom a -
lies that trend north east ward. In gen eral, most of the Au and 
other metal oc cur rences in the area are lo cated prox i mal to
the larger pos i tive mag netic anom a lies (Fig ure 1), thus em -
pha siz ing the intrusive-related nature of these occurrences.

A dis tinct set of in tru sive units oc cu pies east-trending
zones within the area. These in clude swarms of par al lel
dikes or nar row in tru sive apophyses ad join ing larger in tru -
sions at depth (Fig ure 1). The best ex posed and most stud -
ied dike swarm is trace able for 10–12 km be tween the Bar,
Zeus and Wuho pros pects. The dikes are me dium- to
coarse-grained por phy ritic syenite or quartz syenite char -
ac ter ized by large pheno crysts of po tas sium feld spar. Drill -
ing on the Bar pros pect has dem on strated a grad ual tran si -
tion of these dikes into me dium-grained, weakly
por phy ritic quartz monzonite at depth (Soloviev, 2003).
Apart from this, there is no di rect ev i dence to con strain the
re la tion ships of these ‘dikes’ to other plutons in the area. It
ap pears, how ever, that the north-north east-trending struc -
tures host ing Au min er al iza tion and con trol ling the
Bayonne suite in tru sions are youn ger than the east-trending 
structures hosting the dikes and associated mineralization.

Tectonic and Metallogenic Setting

The old est and best known met al lo gen ic fea ture in the
area is the SEDEX Pb-Zn min er al iza tion pre served in the
Mesoproterozoic sed i men tary rocks. This min er al iza tion
in cludes the world-class Sullivan SEDEX Pb-Zn de posit,
lo cated north of the area, and a num ber of much smaller Pb-
Zn oc cur rences that are hy poth e sized to cor re spond with
this age and style of min er al iza tion (Hoy et al., 1995).

South east ern BC is un der lain by con ti nen tal-mar gin
rocks of an ces tral North Amer ica and var i ous mag matic
suites, sug gest ing it is a south ern con tin u a tion of the
metallogenically sig nif i cant Tintina Au belt of Yu kon-
Alaska. This was orig i nally pointed out by Lefebure and
Cathro (1999) and Lo gan (2000, 2002), who em pha sized
that the Me so zoic (mid-Cre ta ceous) age and com po si tion
(mostly granodiorite) of the in tru sions found in south east -
ern BC are sim i lar to those of the Tomb stone and other
plutonic suites in the Yu kon that are ac com pa nied by in tru -
sive-re lated Au min er al iza tion. Ex tend ing the Au-W-Sn
met al lo gen ic prov ince, or belt, 1600 km from the Yu kon
south to Salmo (Lefebure and Cathro, 1999; Lo gan, 2000,
2002) high lights the po ten tial for sim i lar min er al iza tion in
the Cranbrook area. This belt con tains sig nif i cant Au min -
er al iza tion from the Cariboo and Cassiar camps along its
en tire length. In the south, the mid-Cre ta ceous Bayonne
plutonic suite forms an ar cu ate met al lo gen ic zone ex tend -
ing along the east ern edge of the Kootenay Arc from north -
west of Salmon Arm through the Revelstoke, Golden and
Cranbrook areas to beyond the Canada–United States
border (Logan, 2002).

There are at least three struc tural trends in the
Cranbrook area that con trol pos si ble Me so zoic in tru sive-
re lated Au min er al iza tion. First, the ma jor north-north east-
to north east-trending fault sys tem that roughly par al lels the
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ori en ta tion of the ma jor Cordilleran orogenic belts ex tends
through the en tire area. This sys tem in cludes a num ber of
well-ex posed faults (Palmer Bar, Old Baldy, Perry Creek,
Dub lin and Grassy Moun tain) that cut and dis place
Mesoproterozoic rock se quences and Me so zoic in tru sions.
These faults ap pear to fol low older faults, which con trol the 
em place ment of the Me so zoic stocks ar ranged as north-
north east- to north east-trending chains and mostly cor re -
spond ing to mag netic fea tures, sug gest ing the pres ence of
hid den in tru sions at depth. In to tal, this sug gests long-last -
ing ac tiv ity on these faults. Fault and de for ma tion zones
with this ori en ta tion com monly host sig nif i cant oc cur -
rences of Au-bear ing quartz and quartz-sul phide veins and
stockworks. Typ i cally, na tive Au oc curs in iso la tion in
quartz or is as so ci ated with elevated abundances of pyrite,
galena and chalcopyrite (e.g., Soloviev, 2004b).

Sec ond, east-strik ing faults and airphoto lin ea ments
are also com mon in the area, al though these faults are typ i -
cally less well ex pressed than the north-north east- to north -
east-trending va ri et ies or have ex pe ri enced less re ac ti va -
tion. One of the most pro nounced east-trending fea tures
oc curs in the cen tral part of the area and is marked by
swarms of por phyry dikes (quartz syenite to quartz mon -
zonite to gran ite). Gold min er al iza tion is as so ci ated with
this struc tural trend. The Au-bear ing zones are char ac ter -
ized by in tense sili ci fi ca tion, phyllic and argillic al ter ation,
and quartz and quartz-sul phide veins and stockworks. Gold 
is com monly as so ci ated with el e vated con tents of As, Cu
and lo cally Bi. Some larger quartz veins (up to 3–5 m thick)
con tain na tive Au with or with out py rite. Other smaller (?),
east-trending zones are present elsewhere in the area (Fig -
ure 1).

The third struc tural trend is ori ented to the north west.
It is ex pressed to a lesser de gree, al though it can be found to
con trol some smaller granodiorite to gran ite stocks, rel a -
tively small de for ma tion zones and swarms of quartz veins.
This ori en ta tion is co in ci dent with that re ported for the
Vine vein (MINFILE 082GSW050), which is in ter preted to 
be Mid dle Pro tero zoic ‘Sullivan-style feeder’ min er al iza -
tion (e.g., Hoy and Pighin, 1995), al though its up per age
limit is not con strained. It con tains abun dant ar seno py rite
and lesser pyrrhotite, sphalerite and ga lena in a gangue as -
sem blage of quartz, seri cite, cal cite, chlorite and mi nor al -
bite. The fault zone host ing this vein can be traced to the
Bar pros pect, where sim i lar Pb-Zn-As min er al iza tion also
oc curs in north west-strik ing zones that ap par ently over -
print the east-strik ing Au min er al iza tion. Other north west-
strik ing Pb-Zn-As (+Au+Ag) veins are com mon in the
area, sug gest ing that they may be part of a dis trict-scale
ve in  sys  t em.  Al  though  hos ted  by  P re  cam b r i an
metasedimentary rocks, these base-metal veins may have
formed in re sponse to Me so zoic magmatism. Zonation of
Au and base-metal min er al iza tion in re la tion to the caus -
ative intrusion is well documented for intrusive-related
mineralization (Hart, 2007).

In sum mary, these three fault sys tems have likely ex pe -
ri enced re ac ti va tion to form an in ter con nected struc tural
net work that acted as per me able ‘con duits’ to lo cal ize the
de po si tion of Au and as so ci ated minerals in the area.

LOCAL GEOLOGY OF SOME AU
PROSPECTS

The most stud ied Au oc cur rences in clude the Zinger,
Gar (Grassy Moun tain) and Leader pros pects from the
north-north east erly min er al ized trends, and the Bar, Zeus
and Wuho pros pects from the east erly min er al ized trends.
Some of these min er al ized trends cor re spond to dis tinct
cor ri dors of small in tru sive stocks and dikes, prob a bly
mark ing the fault zones that con trolled magmatism and
min er al iza tion. A north-north east-trending cor ri dor of
small granodiorite to monzonite in tru sions and the Grassy
Moun tain fault can be traced be tween the Gar and Leader
pros pects in the west ern por tion of the area. Far ther north -
east, this cor ri dor trends to ward the large north east-elon -
gated Reade Lake in tru sion. The smaller in tru sions to the
south west of the Reade Lake body might be cor re la tive sat -
el lite bod ies. At least, most of these smaller stocks lie
within the large pos i tive mag netic anom aly sur round ing the 
Reade Lake in tru sion to the south west. The Bar, Zeus and
Wuho pros pects fol low a swarm of easterly-trending quartz 
syenite (?) dikes (Figure 1).

Gar (Grassy Mountain; MINFILE 082FSE065) 
and Leader (MINFILE 082FNE060)
Prospects

These pros pects cover a broad north-north east-
trending strip of highly de formed, al tered and min er al ized
rocks that ex tends for 7–8 km along the west ern edge of the
area. This min er al ized cor ri dor is co in ci dent with a chain of 
granodiorite stocks and dis plays a va ri ety of au rif er ous
min er al iza tion styles from quartz stockworks within the in -
tru sions and in their prox im ity to shear-con trolled quartz-
sul phide veins in more distal settings.

In par tic u lar, the Gar pros pect oc cu pies the south ern
part of this cor ri dor and is rep re sented by in tense au rif er ous 
quartz to quartz–Fe-car bon ate–seri cite–py rite (lo cally
with traces of ga lena) stockwork veins and larger quartz
veins over print ing a 2 km by 1 km stock of granodiorite to
gran ite and ad ja cent metasedimentary rocks with a co in ci -
dent pos i tive mag netic anom aly. The stockwork com prises
sev eral north-north east-strik ing min er al ized zones that are
100–150 m in width and trace able for more than 2–3 km
along strike. About 250 rock sam ples, col lected in 2001–
2004 over a large part of the stockwork, re turned val ues of
gen er ally less than 0.5–1 g/t Au, with sev eral val ues in the
range of 8–12 g/t Au. The zone of struc tural com plex ity and 
quartz vein ing cor re spond ing to the min er al ized zone en -
coun tered on the Gar pros pect was traced far ther south west
for a dis tance of 3–4 km (Soloviev, 2004b). In 2007, the Gar 
pros pect was drilled by Ruby Red Re sources Inc.; drill ing
en coun tered quartz veinlets in a stockwork over print ing
quartz monzonite and con tain ing up to 0.11 g/t Au over 1 m, 
and quartz-sul phide veinlets con tain ing up to 3.0 g/t Au,
394 g/t Ag and 2.4% Pb, with mi nor Zn and Cu (Klewchuk
et al., 2007). Ran som (2006) re ported a strong Mo-in-soil
anom aly co in ci dent with the stock; rock sam pling also re -
vealed locally elevated Mo values in Au-bearing and Au-
free quartz veinlets (Table 1).

To the north-north east, the zone of quartz vein ing was
traced for 2–3 km to the Leader pros pect. This pros pect is
rep re sented by a nar row (av er ag ing 0.5 m) but ex tended
(traced for 650 m), subvertical quartz-sul phide vein in the
vi cin ity of a por phyry gran ite in tru sive out crop ping west of 
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the vein. The vein con tains abun dant ga lena and chal co py -
rite, along with py rite and schee lite; it re turned high Au val -
ues for its en tire length, with num bers vary ing from 0.7 to
164 g/t Au, to gether with 10–1971 g/t Ag, 1.5–69.5% Pb
and 6.8–10% Cu (Sookochoff, 1985). An other round of
sam pling in 2003 re turned sim i larly high val ues: 12 of the
28 sam ples re turned val ues ex ceed ing 1 g/t Au, and six of
them con tained more than 10 g/t Au, the high est be ing
37.7 g/t Au. Many sam ples also re turned high val ues of Pb
(up to 19.4%), Ag (up to 675 g/t), Cu, Zn, Sb and elevated
W (Soloviev, 2004b).

Zinger Prospect (MINFILE 082FSE122)

The Zinger pros pect cov ers a broad min er al ized cor ri -
dor par al lel to and 2–3 km east of the Gar and Leader pros -
pects. It is ap par ently the larg est Au pros pect in the area; it
in cor po rates nu mer ous Au oc cur rences rep re sented by au -
rif er ous quartz and quartz-sul phide veins and stockworks
that are trace able for at least 8 km along strike as a con tin u -
ous min er al ized pack age some 2 km wide (Fig ure 2). This
pros pect oc curs along the Perry Creek–Hellroaring Creek
di vide. Perry Creek is known for its large Au plac ers,
whereas none oc cur on the west ern side of the di vide. The
pros pect is un der lain mainly by rocks of the Creston For -
ma tion and, along its ex treme west ern edge, by the
Kitchener For ma tion (Klewchuk, 2001; Ken nedy and
Klewchuk, 2002). The Kitchener For ma tion crops out west
of the pros pect along the Hellroaring Creek road, and the
low er most bed rock ex po sures in the west ern part of the
pros pect ap pear to be near the Creston-Kitchener con tact.
The Creston For ma tion con sists mainly of lam i nated and
thin-bed ded argillite, me dium-thick–bed ded siltstone, and
quartz ite. A num ber of north-north east-strik ing (i.e., bed -
ding par al lel) mafic dikes oc cur in the Creston For ma tion
on the east ern flank of the pros pect; how ever, some dikes
extend into transverse east- and west-northwest-trending
struc tures.

The ma jor struc tural pat tern of the pros pect is de fined
by a se ries of par al lel, north-north east-trending (020°) de -
for ma tion zones that are roughly par al lel to bed ding and to -
gether form a thick and con tin u ous pack age of sheared,
faulted and min er al ized sed i men tary rocks. The de for ma -
tion zones al ter nate with rel a tively less de formed and
undeformed rocks, and of ten oc cur ‘en échelon’. De gree
and ex pres sion of de for ma tion also vary in dif fer ent rock
types: ac cord ing to Klewchuk (2001), ar gil la ceous units
have re sponded to de for ma tion in a more duc tile man ner,
pro vid ing an abun dance of thin con tin u ous quartz veins,
whereas quartz ite and siltstone are of ten brecciated and
form ‘crackle brec cia’ units, with branch ing and merg ing,
ir reg u larly shaped quartz veins (Fig ure 3). Klewchuk
(2001) de scribed com mon small drag folds along the faults
with west-side-up sense of the move ment, sug gest ing
thrust fault ing. In ad di tion to the lin ear stockwork zones,
the de for ma tion pack age also in cor po rates larger sin gle
shears strik ing north-north east and typ i cally dip ping
steeply to the east-south east; they host large (up to 10–15 m
thick) quartz and quartz-sulphide veins that are traceable
for up to 1–2 km along strike.

The Zinger pros pect in cor po rates at least three rel a -
tively more in tensely min er al ized sec tors, re ferred to as the
‘Cen tral Zinger’, ‘South Zinger’ and ‘North Zinger’ sec -
tors, each ex ceed ing ap prox i mately 1.5 km by 2.5 km in
sur face area. The struc tural set tings and styles of min er al -

iza tion are some what dif fer ent among these sec tors. In
par tic u lar, the Cen tral Zinger sec tor is char ac ter ized by de -
vel op ment of an au rif er ous lin ear quartz stockwork (in the
west ern part) and mas sive quartz-sul phide veins (in the
east ern part), both trending north east. Nu mer ous (sev eral
hun dred) out crop grab and chip (in clud ing chan nel chip)
sam ples re turned highly anom a lous Au val ues rang ing
from a few hun dred parts per bil lion to sev eral grams/tonne
and lo cally up to 15–25 g/t. The South Zinger (‘Gold Run
Lake’) sec tor is cen tred about 2 km south of the Cen tral
Zinger sec tor and is char ac ter ized by a strong Au-in-soil
anom aly more than 2 km across. The Au-in-soil val ues lo -
cally ex ceed 1 g/t, with a peak at 50–300 ppb. Al though
most of the area is cov ered by over bur den and in tense veg e -
ta tion, lim ited out crops sug gest the pres ence of a large au -
rif er ous quartz stockwork with mi nor de vel op ment of mas -
sive quartz veins. Some of these veins re turned val ues up to
5–15 g/t Au, with his tor i cal data reach ing 3.9 oz./ton Au in
grab sam ples. A no ta ble fea ture of the sec tor is the pres ence
of east-strik ing mafic (lam pro phyre?) dikes and nu mer ous
east-strik ing quartz veins. Lim ited drill ing on the Cen tral
and South ern Zinger sec tors con ducted in 2003 (Soloviev,
2004a) failed to in ter sect the ‘roots’ of the in tense and of ten
high-grade Au min er al iza tion out crop ping on the sur face,
but did en coun ter al ter nat ing se quences of low-grade au rif -
er ous and bar ren in ter vals. The North Zinger sec tor (‘Co -
lum bia-Homestake veins’) is cen tred about 3 km north of
the Cen tral Zinger sec tor and is char ac ter ized by pre dom i -
nance of mas sive quartz and quartz-sul phide veins, with
only mi nor quartz stockworks. Four or five large, north -
east-strik ing quartz-veined deformation zones have been
identified to date; some of them were traced for 2–3 km,
continuing the trend on the Central Zinger sector.

The Au-bear ing and bar ren sys tems of quartz (quartz-
sul phide) vein ing found on the pros pect rep re sent four or
five dif fer ent struc tural set tings (Soloviev, 2004a). First,
north east-strik ing (about 020°), ver ti cal or steeply (70–
85°) north west-dip ping Au-bear ing quartz-seri cite (plus
py rite, Fe-car bon ate and oc ca sional ga lena and chal co py -
rite) string ers, veinlets, veins and wider per va sive al ter -
ation and stockwork zones rep re sent the most abun dant
min er al iza tion. Lo cally, stockworks con tain up to 50
string ers per metre and form broad (up to 30–50 m wide)
and ex ten sive (up to 300–400 m in strike length) zones. The 
stockworks con tain the most in ten sive and con sis tent Au
min er al iza tion, grad ing from a few hun dred parts per bil -
lion to sev eral grams/tonne Au, al though bar ren zones are
also com mon. Vis i ble Au is lo cally pres ent. The in di vid ual
stockworks are 10–30 m in thick ness and ex tend 300–
900 m downdip. These stockworks, sit u ated en échelon and 
sep a rated by bar ren in ter vals, can be com bined into at least
seven to eight larger min er al ized ‘cor ri dors’, some of
which are 200–300 m thick and traceable for 1–5 km along
strike.

Sec ondly, north-north east-strik ing (about 020°), ver ti -
cal or steeply (70–85°) west-north west-dip ping, mas sive
quartz veins (with mi nor seri cite, py rite and Fe-car bon ate)
vary in thick ness from 0.5–1 m to 10–15 m. Some in di vid -
ual veins ex hibit sig nif i cant strike ex tent (up to 150–
200 m); a num ber of more prom i nent zones host ing these
veins were fol lowed for 3–5 km. The veins are of ten sur -
rounded by quartz-seri cite (plus py rite and car bon ate)
stockworks. Lo cally, these veins con tain ga lena, sphalerite
(oc ca sion ally in high con cen tra tions—up to 20–30% to -
gether with py rite), ten nan tite-tetrahedrite and spo radic ar -
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Table 1. Selected compositions showing geochemical signatures of various Au-bearing and associated assemblages from the Au prospects
of the western Cranbrook area, southeastern British Columbia.



seno py rite and chal co py rite, al though the sul phide con tent
gen er ally is low. Schee lite oc curs lo cally. Vis i ble Au has
been iden ti fied in a num ber of veins and stockworks. Lo -
cally, the Au-bear ing quartz stockworks and veins are su -
per im posed on the gabbroic dikes or bor der the dikes.
These mas sive quartz veins (‘lodes’) in clude the Co lum bia
vein (MINFILE 082FSE009), which av er ages 9–12 m
thick and con tains Au val ues as high as 50.2 g/t but typ i -
cally not ex ceed ing 9–11 g/t. An other show ing, called the
‘Homestake mine’ (MINFILE 082FSE012), is lo cated east
of the Co lum bia vein; it lo cally con tains up to 96.5 g/t Au in
grab sam ples and one drill in ter sec tion re turned 9.5 g/t Au
over 1 m. To the south, the Co lum bia vein can be traced to
the Shake speare vein (MINFILE 082FSE119), where val -
ues up to 32 g/t Au have been re ported (Brewer, 1997), and
then to the Petra vein (MINFILE 082FSE121). However,
Au mineralization in these veins is typically erratic.

Other struc tural set tings ap pear to have less im por -
tance in con trol ling Au min er al iza tion. They in clude the
north-north east-strik ing (~020°), flat to mod er ately (10–
40°) west-north west-dip ping quartz-he ma tite string ers that 
are typ i cally very thin (~5 mm) and form a weak stockwork
(lo cally up to 5–10 string ers per metre but usu ally less)
spread through out the prop erty but rel a tively more in tense
in its south ern por tion. Usu ally, these string ers are bar ren
but, in a few lo ca tions, they re turned up to 6 g/t Au. Also,
roughly east-strik ing (060–070°), steeply (70–90°) south-
dip ping quartz (plus py rite) veins, typ i cally nar row (0.5–
5 m thick), were traced for up to 300–400 m along strike;
they bear low Au val ues (50–100 ppb), with just spo radic
en rich ment up to 10 g/t in the in ter sec tions with the north-
north east-strik ing stockwork zones. Fi nally, the west-
north west-strik ing (290–320°), steeply (70–90°) south-
south west-dip ping, quartz–chlorite–he ma tite–Fe-car bon -
ate veins and veined zones, typ i cally nar row (from a few
centi metres to 5 m), were traced for more than 1000 m
along strike; they are typ i cally bar ren and ap pear to rep re -
sent the lat est min er al iz ing event. Sig nif i cant dis place -
ments of the other (including Au-bearing) mineralized
zones often occurs along these veins.

Bar Prospect (MINFILE 082GSW068)

The Bar pros pect (Fig ure 4) is re mark able due to close
spa tial as so ci a tion of Au min er al iza tion with an in tru sion
and the dis tinct struc tural con trol of its higher grade por tion 
by a well-ex pressed low-an gle fault (pos si bly thrust fault)
zone. The pros pect is un der lain by the Mid dle Aldridge
quartz ite wacke and the Creston quartz ite, in truded by the
monzonitic Kiakho stock; the monzonite forms large out -
crops on the north ern side of the pros pect and oc curs in
large boul ders (rub ble crops) on the south ern side, sug gest -
ing that the pluton un der lies the en tire pros pect. In ad di tion, 
there are sev eral east-strik ing dikes, up to 60 m thick and
trace able for 1 km along strike, that fol low a large fault

zone. These dikes ex hibit por phyry tex ture (with K-feld -
spar in pheno crysts) and are be lieved to be syenite or quartz 
syenite. As re vealed by drill ing, these syenite dikes ad join
(or are cut off by?) at depth a much larger pluton of weakly
por phy ritic to equigranular me dium-grained rock vi su ally
sim i lar to the Kiakho stock monzonite. Thus, they may be
ei ther just por phyry apophyses of the stock or older dikes
preserved in the roof pendant.

The min er al iza tion is closely as so ci ated with these
syenite dikes and trace able on sur face within a zone up to
60 m wide and ex tend ing for >1 km along strike. It is rep re -
sented by dense quartz-sul phide stockworks and dis sem i -
na tions in strongly brecciated, gouged, phyllically (quartz–
seri cite–Fe-car bon ate) and argillically al tered quartz
syenite (?) and ad ja cent sed i men tary rocks. The al tered
rocks con tain 5–10% finely dis sem i nated sulphides
(mostly py rite and ar seno py rite); sur face sam pling of this
ma te rial re turned typ i cally low to mod er ate val ues of 0.1–
3.0 g/t Au, in clud ing 2.09 g/t Au over 16.0 m and 1.54 g/t
Au over 30 m (Leask, 1992). The drill ing in di cated that the
stockwork is pres ent to a depth of at least 350 m; it forms a
num ber of nearly ver ti cal to steeply north-dip ping zones up
to a few tens of metres thick. The ma jor ity of drill in ter cepts 
on these stockwork zones re turned low Au grades, typ i cally 
0.1–0.5 g/t Au over short in ter vals, which are much shorter
than the to tal width of the zone (i.e., sig nif i cant por tions of
the stockworks con tain sulphides but no Au). Some of the
stockworks ex hibit a strong ‘nugget effect’; however, fine
disseminated Au is also common.

In con trast, much higher grade Au min er al iza tion is
hosted by a low-an gle fault, pos si bly a thrust fault, that dips
mod er ately steeply (40–50°) to the north and by a num ber
of steeper ‘splays’ oc cur ring along its hangingwall side
(Soloviev, 2003). It is un clear whether this fault cor re -
sponds to the east-trending Cranbrook fault (pre vi ously be -
lieved to be a nor mal fault) or rep re sents an other (but also
roughly east-strik ing) fault zone ‘su per im posed’ on and
dis plac ing the Cranbrook fault. The low-an gle fault cuts
and dis places the in tru sion, form ing one of its con tacts. The 
high-grade Au min er al iza tion oc curs in strongly brecciated 
mas sive quartz veins, of ten with in tense cataclasis, that
con tain ox i dized and gouged sulphides (mostly py rite, with 
some ga lena, sphalerite and ar seno py rite), Fe-car bon ate
and seri cite, and con tin ues for ~150 m downdip be fore
grad u ally pinch ing out; smaller ‘swell ings’ are pres ent in
other parts of the struc ture. The best drill in ter cepts were as
high as 10.3 g/t Au over 7.5 m, 15.3 g/t Au over 1.6 m and
38.0 g/t Au over 1.0 m; a strong ‘nug get ef fect’ is com mon.
Re mark ably, the high est grade Au min er al iza tion in the
low-an gle fault cor re sponds to its in ter sec tion with a trans -
verse, north west-trending (310–320°) fault zone that lies
di rectly along strike from the al ter ation and min er al iza tion
zone on the Vine pros pect (MINFILE 082GSW050). This
struc tural in ter sec tion is con sis tently marked by abun dant
north west-strik ing quartz-ga lena veins and cor re sponds to
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Notes: 1, Au-free, Mo-rich quartz veinlet; 2–7, au rif er ous quartz veinlets with trace sulphides (ga lena, etc.); 8–9, sul phide-rich quartz vein;
10–11, high-grade Au-bear ing quartz veins; 12, au rif er ous quartz-sul phide veins; 13–21, north-north east-strik ing Au-bear ing quartz and
quartz-sul phide stockworks and ‘crackle brec cia’; 22–23, Au-bear ing quartz veins; 24–25, Au-bear ing quartz-sul phide veins; 26–27, high-
grade Au-bear ing quartz-sul phide veins; 28–29, high-grade Au-bear ing quartz veins with mi nor sulphides; 30–34, Au-bear ing quartz-sul -
phide veins (ar seno py rite, ga lena, chal co py rite, etc.); 35–37, sul phide-poor quartz veins with coarse Au; 38–39, sul phide-free quartz veins
and veinlets; 40–44, Au-bear ing quartz-py rite-bornite stockworks; 45–46, north west-strik ing Au-bear ing quartz-ga lena veinlets; 47–49,
quartz and quartz-py rite veins with coarse Au; 50–51, Au-bear ing quartz stockwork with ar seno py rite; 52, Au-bear ing quartz-bornite
veinlets. As say ing by ALS Chemex, North Van cou ver, BC us ing atomic ab sorp tion spectrophotometry for Au and in duc tively cou pled
plasma–emis sion spec tros copy for other el e ments.
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Fig ure 2. Ge ol ogy of the Zinger and ad ja cent pros pects (sim pli fied af ter Klewchuk, 2000, 2003a, b; Soloviev, 2004a, b). Leg end: 1, mafic
dike; 2, fault zone; 3, zones of small and large quartz veins; 4, zone of au rif er ous quartz stockwork and sili ci fi ca tion.



the wid est por tion of the east-strik ing min er al ized zone,
which is some 300 m in strike length. There are also thick
mas sive quartz veins and zones of to tal sili ci fi ca tion over -
print ing the brecciated rocks (Fig ure 3). Sur face sam pling
of the min er al ized ma te rial re turned very high lo cal Au
grades (up to 98–281 g/t in rock grab sam ples and up to
7.4 g/t over 11 m in chan nel sam ples; Leask, 1992; Solo -
viev, 2003, 2004b). To the east and west, the min er al ized
zone splits into two or more par al lel but narrower (<5 m
thick) branches that are traceable for several hundred
metres along strike; grab samples returned up to 15 g/t Au.

Zeus Prospect (Centred at UTM ~5482500N,
~575500E)

The Zeus pros pect (Fig ure 4), lo cated 2–4 km west of
the Bar pros pect, traces the im me di ate ex ten sion of the
east-trending quartz syenite (?) dike and cor re spond ing
min er al ized zone. The pros pect in cor po rates a num ber of
east-trending quartz syenite (?) dikes dip ping 45° to the
north; they are sub jected to strong quartz-car bon ate-seri -
cite-py rite and argillic al ter ation, and lo cally con tain quartz 
and quartz-sul phide veins and stockworks. The lat ter are
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Fig ure 3. Var i ous types of min er al ized quartz veins and stockworks found in the area west of Cranbrook, south east ern Brit ish Co lum bia: A)
to C) Au-bear ing quartz and quartz-sul phide stockwork and ‘crackle brec cia’ in si lici fied metasedimentary rocks, Zinger pros pect; D) quartz
vein ing, sili ci fi ca tion and argillic al ter ation in syenite, Wuho pros pect; E) strongly si lici fied and argillically al tered brec cia con tain ing frag -
ments of metasedimentary (?) rocks, Bar pros pect; F) mas sive Au-bear ing quartz vein with mi nor sulphides, ELCR pros pect; G) mas sive
quartz vein con tain ing na tive Au with no as so ci a tion with sulphides, An der son-Price pros pect; H) mas sive Au-bear ing quartz vein with el e -
vated amount of sulphides, An der son-Price pros pect; I) mas sive Au-Ag-bear ing quartz-sul phide vein, Leader pros pect.



es pe cially in tense in those ar eas where the ma jor east-
trending zone is in ter sected by the north east-trending dis -
trict-scale Palmer Bar fault, as so ci ated with a 100 m wide
min er al ized zone, and by a north west-trending fault sim i lar 
to those ob served on the Bar pros pect and cor re spond ing to
the ‘Vine vein’ struc tural trend. These struc tural in ter sec -
tions con trol a num ber of more lo cal ized min eral show ings, 
in clud ing the ‘Quartz Pit’ trench, yield ing anom a lous Cu,
Ag and Au val ues (up to 10.8 g/t Au); the ‘Horse shoe Pit’,
with mas sive ga lena sam ples re turn ing 16.4 oz./ton Ag; the
‘Pink Moun tain’ trench, yield ing val ues up to 0.2% Cu; and 
the ‘Quartz Float Train’, with samples returning 0.01–
0.258 oz./ton Au (Allen, 1984; Banting, 1988).

The drill ing in 1988 iden ti fied a “large struc tur ally
con trolled quartz-sul phide flooded zone along the Cran -
brook Fault” (Banting, 1988), with some holes re turn ing
spo radic Au val ues up to 0.3 oz./ton over widths of 0.1–
0.3 m and con sis tently anom a lous Au val ues within the
syenite dikes. The quartz-flooded zone also hosts el e vated
Cu val ues, with drill in ter sec tions of 1.4% Cu over 4.1 m
and 0.57% Cu over 50.5 m. Rock sam pling of quartz-py -
rite-bornite min er al iza tion with mi nor quartz-py rite-ga -
lena stockwork, found in the ‘Li mo nite pit’, re turned val -
ues up to 1.93 g/t Au over 2.3 m. Resampling of a 0.8 m
por tion re turned a value of 381 g/t Au (410 g/t Au in check
as say). Grid soil sam pling re vealed a num ber of other nar -
row, north west-trending zones of anom a lous Au val ues
cor re spond ing to the ‘Vine vein trend’ (Soloviev, 2003,
2004b). These north west-trending zones are trace able to
the ELCR pros pect, located 3 km northwest of the Zeus
prospect.

In 2007–2008, an other drill ing pro gram re turned
0.63% Cu over 57 m, to gether with el e vated Bi (up to
130 ppm over 10 m) and Co (up to 304 ppm over 46 m). The
el e vated Co con tent cor re sponds to abun dant py rite in a
zone of in tense sili ci fi ca tion, quartz-al bite brec cia, and
quartz–Fe-car bon ate–seri cite and sub se quent argillic al ter -
ation. The fol low-up drill ing in 2007 re turned wide in ter -
cepts of el e vated Cu val ues, with lo cally el e vated Au (up to
3.7 g/t over 0.8 m), and the zone was in ter preted to rep re -
sent the up per most parts of a buried porphyry system.

Eastern and Western Wuho Creek Areas
(Centred at UTM ~5483000N and ~571500E)

The East ern and West ern Wuho Creek ar eas (un re -
corded pros pects) are lo cated 2.0 and 4.0 km, re spec tively,
west of the Zeus pros pect (Fig ure 4). Both pros pects cover
the in ter sec tions of west-north west- and north-north east-
trending faults, in clud ing the larger Old Baldy fault, with
the east-trending struc ture con trol ling quartz syenite (?)
dikes and min er al iza tion of the Zeus and Bar pros pects. A
strong pos i tive mag netic anom aly, mea sur ing 2.0 km by
1.0 km, oc curs be tween the East ern and West ern Wuho
Creek pros pects, suggesting a buried intrusion.

The East ern Wuho Creek pros pect con tains abun dant
quartz syenite (?), quartz and quartz-sul phide float. Rock
grab sam ples of quartz-py rite float re turned Au val ues of up 
to 2.99 g/t, 15.3 g/t and 158 g/t (Soloviev, 2004b). In ter est -
ingly, the third high-grade Au value was ob tained from a se -
ries of ten sam ples taken from the same large quartz boul -
der, nine of which re turned Au val ues be low de tec tion
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Fig ure 4. Ge ol ogy of the Bar-Zeus-Wuho pros pects: 1, Me so zoic quartz monzonite to granodiorite in tru sions; 2, syenite to quartz syenite
(?) dikes; 3, fault zones; 4, zones of quartz vein ing; 5, ar eas of hy dro ther mal al ter ation (silicic, phyllic and/or argillic al ter ation).



limit, thus in di cat ing a very strong ‘nug get ef fect’. Silt sam -
pling of a 1 km long, south-flow ing trib u tary of Wuho
Creek, which flows through the pros pect, re turned ex -
tremely high val ues of 256 and 401 g/t Au, with as so ci ated
high Pb val ues. Pan ning of larger silt sam ples re vealed nu -
mer ous fine- to me dium-sized (up to 3 mm by 3 mm) free
Au par ti cles as so ci ated with abun dant mag ne tite. Pros pect -
ing iden ti fied abun dant quartz-ga lena float upslope. The
West ern Wuho Creek pros pect cov ers a large (greater than
2 km by 1 km) area of abun dant quartz syenite (?) float and
rub ble crop. Quartz syenite (?) boul ders, some more than
2 m across, are strongly si lici fied and argillically al tered,
with strong limonitic stain ing, lo cally in tense quartz
stockwork and mi nor quartz-mag ne tite veins. The rocks
con tain 0.4–0.6 g/t Au; a sam ple of quartz-mag ne tite vein
re turned 2.6 g/t Au. The in ter sect ing north-north east-
trending struc ture was traced by Au-bear ing quartz float for 
a dis tance of 2–3 km. Sam pling has also re vealed sub stan -
tial Cu min er al iza tion (Ta ble 1). In to tal, the Bar, Zeus and
Wuho pros pects, al though pos si bly be ing di vided by faults
and less min er al ized in ter vals, may be the expression of a
single large (traceable for >10 km along strike) mineralized 
zone.

ELCR (MINFILE 082FSE117) and Anderson-
Price (MINFILE 082FNE056) Prospects

These pros pects com prise well-ex pressed ‘struc tur ally 
con trolled’ quartz and quartz-sul phide veins in the Pro tero -
zoic metasedimentary rocks. There are typ i cally two struc -
tural set tings for the veins on each pros pect: both north east- 
and north west-strik ing veins are pres ent, al though the
north east-strik ing veins pre dom i nate. The veins usu ally
oc cur en échelon, form ing par al lel swarms of two to three
larger (up to 2–4 m thick) ‘pivot’ veins that lo cally pinch
and swell (to the point of split ting into sep a rate lenses) and
are sur rounded by a par al lel se ries of much smaller veins
and veinlets. At the An der son-Price pros pect, the quartz-
vein zone oc curs ad ja cent to a se ries of small north east-
trending gran ite dikes, whereas the ELCR pros pect is co in -
ci dent with a lo cal strong pos i tive mag netic anom aly mea -
sur ing 1 km by 1 km (Fig ure 1). The Au min er al iza tion is
rep re sented by na tive Au and is ei ther as so ci ated with mi -
nor sulphides scat tered through the quartz veins or oc curs
sep a rately, strongly en rich ing se lected parts of the veins
(where Au grades range from many tens to a few hundred
grams per tonne; Table 1).

GEOCHEMICAL SIGNATURES

As noted above, the Au min er al iza tion found in the
Cranbrook area is char ac ter ized by the pres ence of var i ous
min eral as sem blages. The data pre sented in Ta ble 1 il lus -
trate some im por tant geo chem i cal fea tures of these mineral
assemblages.

These data show that at least four to five dis tinct Au-
bear ing min eral as sem blages, and there fore compositional
(min er al og i cal and geo chem i cal) types of quartz and
quartz-sul phide veins and stockworks, can be dis tin -
guished. They include

· a sul phide-free Au-quartz as sem blage, con tain ing
coarse na tive Au with vari able and of ten high Au:Ag
ra tios (1:1 to 10:1, up to 100:1) but only min ute
amounts of sulphides. This min er al iza tion is pres ent
on the ma jor ity of the pros pects stud ied. As a sub type

of this as sem blage, a py rite-rich (5–20 vol. % py rite)
Au-bear ing as sem blage can be dis tin guished: it is
char ac ter ized by el e vated Co and Ni values associated
with pyrite.

· an au rif er ous sul phide-rich (20–50 vol. % sulphides)
as sem blage con tain ing abun dant sulphides (es pe cially
ga lena) and oc ca sional schee lite. It is en riched in Ag,
with low Au:Ag ra tios vary ing typ i cally from 1:1 to
1:5, and of ten bears el e vated Bi, Sb and Zn val ues. The
geo chem i cal data show that ga lena is com mon not only 
in large quartz-sul phide veins, but also (in mi nor con -
cen tra tions) in Au-bear ing quartz stockworks (i.e., on
the Zinger, Gar and other prospects).

· a se ries of tran si tional as sem blages con tain ing mod er -
ate amounts (from 3–5 to 15–20 vol. %) of sulphides
(and sulphosalts) and oc ca sional schee lite. They are
dis tin guish able by char ac ter is tic Pb-Zn-Ag (An der -
son-Price pros pect) or Cu-Pb-Sb (ELCR pros pect)
geo chem i cal sig na tures, sug gest ing the pres ence of ei -
ther ga lena or Cu-Pb sulphosalts (ten nan tite-
tetrahedrite, etc.).

· an other dis t inct sul phide-rich (20–50 vol.  %
sulphides) Au-bear ing as sem blage con tain ing el e -
vated Pb and Zn val ues and ac com pa nied by high Ag
and As con tents. This as sem blage, whose Au:Ag ra tio
is the low est (up to 1:100), is pres ent on the Bar, ELCR
and Zeus pros pects. It closely re sem bles that en coun -
tered on the Vine pros pect and some other Pb-Zn pros -
pects else where in the district.

· a Cu-en riched (bornite-py rite or bornite-chal co py rite-
py rite) Au-bear ing as sem blage as so ci ated with al tered
quartz syenite (?) dikes or in tru sive apophyses on the
Zeus and Wuho pros pects. The high Cu val ues are lo -
cally ac com pa nied by el e vated As and Bi values.

· Au-bear ing min er al iza tion that also has el e vated Mo
and/or W val ues (Gar, Leader, Zinger pros pects); in
ad di tion, Au-free quartz-mo lyb de nite veinlets are lo -
cally pres ent in the vi cin ity of Au-bear ing stockworks
(e.g., Gar). The pres ence of these met als pro vides ad -
di tional ev i dence for the in tru sive-re lated char ac ter of
the Au min er al iza tion, even its distal varieties.

Of spe cial im por tance is the pres ence of more than one Au-
bear ing as sem blage on larger pros pects. In par tic u lar, both
sul phide-free and sul phide-rich as sem blages are pres ent on 
the Bar, Zeus and Zinger pros pects. Lo cally, these as sem -
blages may be ac com pa nied by Cu-rich Au-bear ing min er -
al iza tion. This may sug gest a long-last ing min er al iza tion
event, with the for ma tion of sev eral successive mineral
assemblages.

STYLES AND STRUCTURAL SETTINGS
OF GOLD MINERALIZATION

The best ev i dence for a re la tion ship be tween in tru sive-
re lated min er al iza tion in the Cranbrook area and the mid-
Cre ta ceous monzonite and granodiorite of the il men ite-
type (or ‘I-type’) Bayonne in tru sive suite oc curs where the
min er al iza tion is spa tially as so ci ated with an in tru sion. The 
min er al iza tion com prises Au-bear ing quartz and quartz-
sul phide (plus seri cite, Fe-car bon ate and lo cally bar ite)
veins and stockworks con tain ing py rite and lo cally
pyrrhotite, as well as other sulphides and sulphosalts, in -
clud ing ar seno py rite, ga lena, sphalerite, chal co py rite and
tetrahedrite-ten nan tite. Mag ne tite and he ma tite are typ i -
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cally ab sent, fur ther sug gest ing the ‘re duced’ char ac ter of
this min er al iza tion. As pre vi ously noted, this style of Au
min er al iza tion was orig i nally rec og nized in the re gion by
Lefebure and Cathro (1999) and Lo gan (2000, 2002). A
spe cific fea ture of this min er al iza tion in the Cranbrook area 
is the association of Au with elevated Mo and W (rather
than Sn and W) values.

The data ob tained on ap par ent in tru sive-re lated Au
min er al iza tion in the area west of Cranbrook make it pos si -
ble to il lus trate the vari a tions in min er al ogy and geo chem -
is try that oc cur on pros pects that formed in dif fer ent struc -
tural set tings. These struc tural and compositional varieties
may include:

· most prox i mal (?) Au-Cu-Bi-As (+Co+Ni) min er al iza -
tion in close spa tial as so ci a tion with dike swarms or
small in tru sive apophyses and stocks. This min er al iza -
tion in cludes zones of in tense sili ci fi ca tion, phyllic and 
argillic al ter ation, quartz and quartz-sul phide (mostly
py rite) stockworks and pos si bly hydrothermal
breccias.

· more dis tal Au-Cu-Pb (+W) to Au-Pb min er al iza tion,
in clud ing quartz and quartz-sul phide stockworks (lo -
cally pos si bly evolv ing into hy dro ther mal ‘crackle’
brec cias) and larger veins with mi nor to abun dant
sulphides and lo cally schee lite. No di rect re la tion ship
to sig nif i cant mag matic bod ies is ap par ent, al though
rare fel sic to mafic dikes may be in the area.

· also dis tal ‘struc tur ally con trolled’, Au-bear ing quartz
veins and ‘sed i ment-hosted’ Au-bear ing quartz
stockworks, typ i cally with mi nor sulphides and lo cal
schee lite. Veins and stockworks are lo cal ized in larger
fault zones. The Au-bear ing quartz and quartz-sul -
phide veins also dis play a strong struc tural con trol by
larger fault zones and lo cally at tain max i mum thick -
nesses of 10–20 m and strike lengths on the or der of a
few hun dred metres. Steeply dip ping veins pre dom i -
nate, al though flat-ly ing veins in low-an gle faults
(pos si bly thrust faults) and their splays have also been
mapped. The veins are com monly found in close spa -
tial as so ci a tion with gabbroic dikes (Moyie sills?)
and/or with ap par ently youn ger mafic (pos si bly lam -
pro phyre?) dikes, lo cally al tered to listwaenite. The
veins are char ac ter ized by mas sive quartz, lesser Fe-
car bon ate and traces of seri cite. Gold is found in both
finely dis sem i nated and coarse (vis i ble) form, and is
often characterized by extremely erratic distribution.

· most dis tal (?) Au-bear ing Ag-Pb-Zn min er al iza tion,
typ i cally rep re sented by quartz-sul phide veins in fault
zones and lack ing any spa tial as so ci a tion with mag -
matic bod ies. These veins typ i cally con tain very lit tle
Au, but their oc cur rence in the same struc tures that
host other types of Au min er al iza tion in di cates re ac ti -
va tion (open ing) of these struc tures and possible
further enrichment of Au.

The pres ence and pos si ble sig nif i cance of low-grade
(typ i cally around 1 g/t Au) quartz to quartz-sul phide
(quartz–Fe-car bon ate–seri cite–sul phide) stockworks in
the area was rec og nized re cently (e.g., Klewchuk, 2001,
2003a, b; Soloviev, 2004a, b), and the po ten tial of some
pos si bly low-grade, bulk-ton nage Au oc cur rences re mains
unevaluated. The stockworks oc cur both within the in tru -
sions (e.g., Gar pros pect) and in sed i ments (Zinger pros -
pect). In both cases, how ever, the stockworks trace some
dis trict-scale faults, con trol ling chains of in tru sions, that

were re ac ti vated as post-in tru sive faults. The over print ing
of the in tru sions and metasedimentary pack ages by these
lin ear stockworks is es pe cially vis i ble at a larger scale.
They con sist of subparallel and in ter sect ing quartz string -
ers form ing stockwork zones that are lens-shaped, typ i cally 
subvertical and sit u ated en échelon, lo cally at tain ing max i -
mum widths rang ing from a few to sev eral tens of metres
and strike lengths of up to sev eral hun dred metres. In di vid -
ual stockwork zones can be amal gam ated into much wider
(up to 100–200 m) and lon ger (up to sev eral kilo metres)
quartz stockwork and al ter ation units that trace the fault
zones. Lo cally, higher grade Au-bear ing veins oc cur within 
the low-grade stockworks. The stockworks con tain vari -
able amounts of sulphides, mainly py rite but lo cally with
traces of ga lena and chal co py rite; again, there is no cor re la -
tion be tween the amount or type of sul phide min eral and the 
Au grade. Al ter na tively, some of the Au (Cu) oc cur rences
in the area may be ‘ox i dized’ por phyry Cu-Au de pos its.
The pres ence of Cu-Au por phyry min er al iza tion has been
sug gested by Ran som (2006) for the Zeus pros pect. In ad di -
tion to its Cu-Au-As geo chem i cal sig na ture, Zeus min er al -
iza tion has a close spa tial re la tion ship with prob a ble alkalic 
(syenitic?) dikes, al though the ex act com po si tion of these
dikes re quires fur ther study. An other no ta ble fea ture is the
lo cal abun dance of mag ne tite (Wuho) and bornite (Zeus).
The min er als are un com mon in both ‘re duced’ in tru sive-re -
lated Au min er al iza tion (e.g., Hart, 2007) and ‘re duced
por phyry Cu-Au’ (RPCG) de pos its (Rowins, 2000a), such
as may oc cur in the his tor i cal Rossland Au camp (e.g.,
Rowins, 2000b). Rather, the rel a tively ‘ox i dized’ char ac ter
of the mag matic-hy dro ther mal ore fluids is typical of the
Jura-Triassic suite of large alkalic porphyry Cu-Au de pos -
its that occurs throughout central BC (e.g., Chamberlain et
al., 2007).

TECHNICAL ASPECTS OF
EXPLORATION

The data ob tained on the Au min er al iza tion in the
Cranbrook area re veal sev eral fea tures that should be con -
sid ered dur ing ex plo ra tion.

First, the sys tem of faults, frac tures and airphoto lin ea -
ments gives con sid er able struc tural com plex ity to the Au
oc cur rences. Gold min er al iza tion is com monly lo cal ized at
‘dou ble’ or even ‘tri ple’ fault in ter sec tions that lack con ti -
nu ity and con sis tency along strike and down dip. This set -
ting does, how ever, cre ate a fa vour able en vi ron ment for
struc tural su per im po si tion of mul ti stage, and pos si bly
much more vari ably aged, min er al iza tion events. Con se -
quently, the ap pli ca tion of dense ex plo ra tion drill ing grids
to re veal struc tural pat terns that de fine the most favourable
trends is required for future drilling.

Sec ond, the struc tural con trols on Au min er al iza tion
are com pli cated to an even greater de gree by mul ti ple syn-
and post-min er al iza tion fault ing ep i sodes. As a re sult,
com mon brecciation, goug ing and late surficial weath er ing
of min er al ized ma te rial cause nu mer ous drill ing is sues re -
lated to core-re cov ery rates and down-hole de vi a tion. Re -
mark ably, many holes drilled in the past ex hibit very low
drillcore-re cov ery rates in min er al ized zones, which means 
that re ported Au as says, both high and low, are es sen tially
mean ing less. This is be cause an un known, but po ten tially
sig nif i cant, frac tion of Au (es pe cially free na tive Au) was
pos si bly re moved (likely pref er en tially) from the min er al -
ized rock, to gether with soft clay gouge and/or sandy rock
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frag ments. The ap pli ca tion of mod ern drill ing tech niques
that pro vide core-recovery rates in excess of 95% are
required for effective exploration.

Third, as re vealed by ex plo ra tion, many Au oc cur -
rences in the Cranbrook area con sist mainly of na tive (free)
Au. It is dis trib uted in the min er al ized rock very ir reg u larly
and com monly forms larger multigrain ag gre gates. This ir -
reg u lar dis tri bu tion pro duces a strong ‘nug get ef fect’ (or
‘coarse Au ef fect’; e.g., Stan ley, 2008) in Au as says from
many of the oc cur rences. In prac ti cal terms, this means that
Au as say re sults are un re li able and un rep re sen ta tive where
ob tained on small amounts of min er al ized ma te rial. Con sis -
tently, the in dus try-stan dard 30 g fire as say can be con sid -
ered in ad e quate to rep re sent the true Au val ues of these
sam ples. The use of me tal lic-screen as says (‘dry’ me tal lic
screen in sandy and solid rock ma te rial, and ‘wet’ me tal lic
screen in clayey ma te rial), in com bi na tion with pul ver i za -
tion of the en tire sam ple, is nec es sary in many cases. Ta -
ble 2 il lus trates the pre dom i nance of coarse na tive Au in
many min er al ized in ter vals en coun tered on the Bar and
Zinger pros pects. It is ap par ent that ap pli ca tion of the me -
tal lic-screen as say method typ i cally ‘re duces’ grades in
high-grade sam ples and ‘in creases’ grades in oth er wise
low-grade sam ples. This makes the over all Au-bear ing in -
ter vals some what lower in grade but more con sis tent be -
tween sam ples. Re gard less, the ex is tence of a very strong
‘nug get effect’ in the samples requires the use of large-
volume bulk-sampling methods to determine the true Au
grades of the prospects.

DISCUSSION AND CONCLUSIONS

The data ob tained from re cent ex plo ra tion pro grams
high light some im por tant fea tures of likely in tru sion-re -
lated Au min er al iza tion in the Cranbrook area. Pos si ble
styles of Au min er al iza tion en coun tered in clude a) prox i -
mal in tru sion-hosted and more dis tal au rif er ous quartz and
quartz-sul phide stockworks; b) dis tal min er al ized faults
and de for ma tion zones, in clud ing sig nif i cant brec cia; and
c) most dis tal min er al iza tion con trolled by faults, in clud ing 
low-an gle and pos si bly thrust faults, with abun dant sul -
phide. To sum ma rize, this prox i mal to dis tal zonation of Au
min er al iza tion styles from a caus ative in tru sion cor re -
sponds to the re duced in tru sion-re lated Au model pro posed 
by Lang and Baker (2001). A dif fer ence, how ever, is the
im por tance of dis trict- and lo cal-scale fault/de for ma tion
zones on lo cal iz ing Au min er al iza tion in the ma jor ity of Au
pros pects in the Cranbrook area. The vari ably ori ented
faults form a struc tural net work over the en tire area and
pre de ter mine the lo ca tion of Au and other metal oc cur -
rences. Fur ther anal y sis would likely re veal more distinct
compositional and structural features associated with this
district-scale metal zonation model.

The va ri ety of struc tural styles of pos si ble in tru sion-
re lated Au min er al iza tion cor re sponds to dis tinct min er al -
og i cal and geo chem i cal di ver sity in oc cur rences. These in -
clude Au:Ag ra tios vary ing from 100:1 to 1:100, and au rif -
er ous min eral as sem blages that are both sul phide-free and
sul phide-rich. Min eral as sem blages also con tain dif fer ent
sulphides, with ar seno py rite and/or ga lena be ing es pe cially 
abun dant in many of them. Schee lite and/or mo lyb de nite
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Table 2. Selected assay results for Au mineralization from the Zinger and Bar prospects, west of Cranbrook, southeastern British
Columbia, obtained by standard fire assay versus metallic-screen fire assay.



are lo cally pres ent. The pres ence of var i ous sulphides
makes it pos si ble to de ter mine pathfinder elements for
different styles of Au mineralization.

De spite the sig nif i cant ex plo ra tion work con ducted in
the area, many as pects per tain ing to the rec og ni tion and
clas si fi ca tion of in tru sion-re lated Au oc cur rences re main
con tro ver sial. Firstly, it is un clear whether Au min er al iza -
tion in the Cranbrook area is re lated to a sin gle plutonic
suite or to mul ti ple suites ac com pa nied by dif fer ent types
(e.g., re duced in tru sion-re lated Au; ‘ox i dized’ and ‘re -
duced’ por phyry Au [Cu]; polymetallic skarn) and styles
(e.g., veins, vein stockworks, dis sem i na tions, re place ment
zones) of Au min er al iza tion. It is no ta ble that the Tintina
Au belt in the Yu kon and Alaska—the type area for re duced
in tru sion-re lated Au de pos its (i.e., Ft. Knox and Dub lin
Gulch)—in cor po rates at least three pro duc tive plutonic
suites. These in clude subalkalic, alkalic and peraluminous
plutonic suites (Hart, 2007). If this sit u a tion ap plies to
south east ern BC, then it may par tially explain the
variability of the Au mineralization styles in the Cranbrook
area.

Many other as pects and pos si ble ge netic re la tion ships
be tween Au min er al iza tion and in tru sions in the Cranbrook 
area re quire fur ther study. In par tic u lar, the pos si ble sim i -
lar ity of some min eral oc cur rences (e.g., Zeus) to Cu-Au
por phyry min er al iza tion should be in ves ti gated; if proved,
this may dem on strate the pres ence and po ten tial of this
min er al iza tion style in the dis trict. Also, some struc tur ally
con trolled base-metal (with mi nor Au) pros pects tra di tion -
ally re garded as Pro tero zoic and ‘Sullivan-feeder’ style
must be re-ex am ined within the con text of a Me so zoic in -
tru sion-re lated Au model; they may sig nif i cantly in crease
the num ber of in tru sion-re lated Au oc cur rences found in
the area. In ter est ingly, these Sullivan-style oc cur rences
may have no eco nomic im por tance in terms of Sullivan-
style Pb-Zn tar gets but may be in dic a tive of the pres ence of
in tru sion-re lated Au min er al iza tion at depth or nearby
(e.g., the Vine vein; see Hoy and Pighin, 1995). In ad di tion,
it is worth while de ter min ing if some mafic dikes tra di tion -
ally con sid ered within the Moyie suite are, in fact, much
youn ger (Me so zoic?) and lamprophyric in com po si tion.
Spe cif i cally, some mafic dikes on the Zinger pros pect ap -
pear to be lamprophyric, which raises the ques tion of
whether lam pro phyre-re lated Au min er al iza tion (cf., Mul -
ler and Groves, 1997) is pres ent in the area. For ex am ple,
Au min er al iza tion at the Taurus de posit in north west ern BC 
is closely as so ci ated with lam pro phyre dikes (Panteleyev et 
al., 1997; Lo gan, 2000). Com bined with other geo log i cal
data, a better understanding of these features will help in
the evaluation of reduced intrusion-related Au potential in
southeastern BC.
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Southern Nicola Project: Granite Creek Area, Southern British Columbia
(Parts of NTS 092H/07, 10)

by N.W.D. Massey and S.L. Oliver1

KEYWORDS: Nicola Group, Eastgate–Whip saw meta mor -
phic belt, Tulameen com plex, Tulameen coal ba sin, min er -
al iza tion

INTRODUCTION

The South ern Nicola Pro ject area is lo cated on the east -
ern bound ary of Man ning Park, about 15 km south west of
the town of Prince ton (Fig ure 1), in south ern Brit ish Co -
lum bia. Tec toni cally, the pro ject area lies at the west ern
edge of Quesnellia, just in board of the bound ing Pasayten
fault, and in cludes the south ern most ex po sures of the Late
Triassic Nicola Group.

Map ping by Rice (1947), Preto (1972) and Mon ger
(1989) has out lined the es sen tial dis tri bu tion of Nicola
Group strata in the Prince ton area (NTS 092H/SE) and their 
re la tion ships to youn ger in tru sive and vol cano-sed i men -
tary se quences. To the east of the Similkameen River, rocks
of the Nicola Group are as signed to the ‘east ern belt’ (Preto, 
1979; Mortimer, 1987) and dis play an alkalic af fin ity; these 
rocks host the im por tant por phyry and skarn de pos its of the
Cop per Moun tain area (Preto, 1972). To the west, the rocks
of the Nicola Group have not been as signed to any of the
three ma jor belts, al though Mortimer (1987) sug gested
they may be long to the calcalkaline ‘western belt’.

The west ern bound ary of the study area is de fined by
the east ern edge of the Ju ras sic–Cre ta ceous Ea gle Plutonic
com plex. Rocks ad ja cent to the com plex, cor re lated with
the Nicola by Rice (1947) and Mon ger (1989), show sig nif -
i cant lithological dif fer ences to the im me di ately ad ja cent
Nicola vol ca nic rocks and have been re named the ‘East -
gate–Whip saw meta mor phic belt’ (Massey et al., 2009).
This belt may be equiv a lent to the Late Perm ian–Early Tri -
as sic Sitlika–Kutcho se quences, in clud ing vol ca nic rocks
and in tru sions from the Ashcroft area (Childe et al., 1997),
about 150 km north-northwest of Princeton.

Map ping in 2008 fo cused in the area to the south west
of Prince ton (Fig ure 1). In 2009, map ping con tin ued north -
wards from Whip saw Creek into the Gran ite Creek and
Tulameen River ar eas, con cen trat ing on the Nicola Group
rocks. Field ob ser va tions were lim ited by lack of ac cess or
out crop in the Arrastra Creek area and to the west of
Lodestone Mountain.

PREVIOUS WORK

The area west of Prince ton has a min ing his tory dat ing
from the dis cov ery of placer gold in the 1860s. The first
geo log i cal re ports were those of Bauerman (1885), as part
of the Bound ary Com mis sion Ex pe di tion of 1859–1861,
and Dawson (1877). Sub se quent re gional map ping in the
area was un der taken by Camsell (1913), Rice (1947), Preto
(1972, 1979), Coates (1974) and Mon ger (1989). Coal-
bear ing units of the Prince ton Group have been de scribed
by Camsell (1913), Shaw (1952), Donaldson (1973) and
Ev ans (1978, 1985), while in dus trial min er als have been
de scribed by Read (1987, 2000). Com pre hen sive stud ies of 
the ge ol ogy and pe trol ogy of the Tulameen com plex have
been pub lished by Findlay (1963, 1969), Rublee (1994),
Nixon (1988) and Nixon et al. (1997). No sys tem atic map -
ping of Qua ter nary de pos its, soils or ter rain fea tures has
been un der taken in the area, al though Hills (1962) pro -
vided some ob ser va tions and dis cus sion of the glacial and
postglacial history of the area.

GEOLOGY

The re sults of the 2009 map ping pro gram are sum ma -
rized in Fig ures 2 and 3.

Stratified Units

PERMIAN (?) TO LATE TRIASSIC
EASTGATE–WHIPSAW METAMORPHIC
BELT

The Eastgate–Whip saw meta mor phic belt had pre vi -
ously been in cluded in the Nicola Group, but is lithologic -
ally dis tinct. To the south, in the Eastgate area, it is quite
het er o ge neous, yet has been di vided into three north west-
trending lithological as sem blages, which show in creas ing
meta mor phic grade from east to west (Massey et al., 2009).
Only the am phi bo lite unit con tin ues north into the south -
west ern cor ner of the Gran ite Creek area. The belt is sep a -
rated from schis tose vol ca nic rocks of the Nicola Group by
the Similkameen Falls fault (Massey et al., 2009), al though
the lat ter is not ex posed in this area. The belt is in truded by
rocks of the Ea gle Plutonic complex along its western
margin.

The am phi bo lite is over all me dium grey to black, typ i -
cally me dium to coarse grained and well fo li ated, and com -
prises al ter nat ing mafic- and fel sic-rich lay ers (Fig ure 4). It
con sists of black to green ish black am phi bole, white feld -
spar, quartz and mi nor bi o tite and mag ne tite. The elon gate
am phi bole min er als are usu ally larger than the subhedral
feld spar and quartz. In some out crops, laminae and thin lay -
ers of actinolite quartz ite and actinolite-bi o tite quartz ite oc -

Geo log i cal Field work 2009, Pa per 2010-1 113

1Uni ver sity of Brit ish Co lum bia, Van cou ver, BC

This publication is also available, free of charge, as colour
digital files in Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx


114
B

rit ish C
o lum

 bia G
eo log i cal Sur vey

Fig ure 1. Lo ca tion of the South ern Nicola Pro ject, Gran ite Creek area, south ern Brit ish Co lum bia. Ge ol ogy base map de rived from Massey
et al. (2005). Poly gons out line the area mapped in 2008 and 2009. Rocks of the Nicola Group are la belled u>JNc; for other units see Massey
et al. (2005).
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Fig ure 2. Ge ol ogy of the Gran ite Creek area, south ern Brit ish Co lum bia, from map ping done in 2009. See Fig -
ure 3 for key to geo log i cal units. Faults are shown with thick dashed lines; geo log i cal con tacts with thin ner
dashed lines, or dot ted lines where tran si tional or un cer tain. Ab bre vi a tions: ACF, Arrastra Creek fault; BF,
Blakeburn fault; FF, Frenchy Creek fault; SFF, Similkameen Falls fault.

Fig ure 3. Geo log i cal units in the Gran ite Creek map area, south ern
Brit  ish Co lum bia. Ab bre vi a t ions: b, co lum nar ba salt;  SFF,
Similkameen Falls fault; Cpx, com plex. Prince ton Group ab bre vi a -
tions: c, Ce dar For ma tion; a, Allenby For ma tion. Nicola Group ab bre -
vi a tions: s, clastic sed i men tary rocks; s´, schis tose metasedimentary
rocks; v, vol ca nic rocks; vs, volcaniclastic sed i men tary rocks; v´,
schis tose vol ca nic rocks. In tru sive units ab bre vi a tions: d, diorite; p,
pyroxenite.



cur interbedded with the am phi bo lite, which is presumably
of volcanic protolith.

LATE TRIASSIC NICOLA GROUP

Rocks of the Nicola Group west of Prince ton are di -
vided into two in for mal lithological units, a clastic sed i -
men tary unit and a vol ca nic unit. Cor re la tion be tween in di -
vid ual out crop ar eas of the two units is un cer tain and they
may com bine sev eral dis tinct strati graphic units. Feld -
spathic tuff and tuffaceous sed i men tary rocks, found
interbedded with the clastic sed i men tary unit in the Lamont
main road area to the south (Massey et al., 2009), were not
seen in the present map area.

The clastic sed i men tary unit is dom i nated by black
argillite interbedded with grey to green-grey siltstone and
sand stone, and polymictic con glom er ate. Finer grained
beds are mas sive to lam i nated (Fig ure 5a) and may have a
limy or si li ceous ma trix. Coarser beds can be mas sive,
graded or lam i nated, and vary in thick ness from milli metres 
to sev eral centi metres. Lay ers of ma trix-sup ported, poly mic -
tic gran ule to peb ble con glom er ate are in ter ca lated with the
finer sed i men tary rocks. The clasts are dom i nantly clastic
sed i men tary, but lo cally in clude lime stone (Fig ure 5b) and
vol ca nic ma te rial.

In the Cham pion Creek area, in the north west of the
mapped area, the sed i men tary rocks are strongly meta mor -
phosed in the au re ole of the Ea gle Plutonic com plex to pro -
duce a se quence of quartz±feld spar–rich schist with vari -
able pro por tions of bi o tite, actinolite, gar net, mus co vite
and mag ne tite (Fig ure 6). Chlorite and epidote may oc cur
as sec ond ary al ter ation min er als. The schist shows marked
col our band ing with dark and pale lay ers up to sev eral
centi metres thick, al though some quartz ite beds can reach
up to 2 m in thick ness. Cal car e ous beds are recrystallized to
buff-weath er ing, me dium- to coarse-grained white mar ble.
The mar bles are usu ally mas sive, but can dis play a weak fo -
li a tion de lin eated by quartz, chlorite or minor calcsilicate
minerals.

The vol ca  nic  unit  in  c ludes  the
interbedded pyroxene-feld spar tuff, lapilli
tuff, brec cia, ag glom er ate and tuffac eous
sed i men tary rocks that are char ac ter is tic
of the Nicola Group in other ar eas (Fig -
ure 7). The rocks of this unit are light grey,
weath er ing to green-grey with or ange-
stained frac ture sur faces and con tain lithic
clasts,  which vary from an gu lar to
subrounded and are typ i cally 3–5 cm
across, rang ing up to 20–25 cm in brec cia
and ag glom er ate. The clasts are dom i -
nantly pyroxene-feld spar por phy ritic ba -
salt and ba saltic an de site, char ac ter ized by
a wide vari a tion in pro por tions and sizes of 
pheno crysts, al though aphyric ba salt can
also be seen. They are usu ally sup ported in
a me dium- to coarse-sand–sized ma trix
con tain ing feld spar and pyroxene crys tals, 
and small lithic clasts. Epidote, chlorite
and cal cite oc cur as al ter ation min er als in
clasts and matrix, and also in veins. Quartz
veins are also common.

A se quence of mas sive, me dium grey
to green, fine-grained feld spar ba salt and
greenstone flows oc curs in the area south -
east of the Gran ite Creek camp site. Lath-
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Fig ure 4. Fo li ated am phi bo lite of the Eastgate–Whip saw meta -
mor phic belt, Gran ite Creek area, south ern Brit ish Co lum bia (field
sta tion 09NMA04-03; UTM Zone 10, 5470528N, 658385E, NAD
83).

Fig ure 5. Clastic sed i men tary rocks of the Nicola Group, Gran ite Creek area, south ern
Brit ish Co lum bia: a) slump struc tures in argillite-siltstone interbeds (field sta tion
09NMA14-07; UTM Zone 10, 5484990N, 667162E, NAD 83); b) peb ble con glom er ate
with neg a tively weath er ing lime stone clasts (09NMA14-06; UTM Zone 10, 5484877N,
667157E, NAD 83).



shaped feld spar pheno crysts 1–3 mm in size make up 5–
10% of the rock. One flow also con tained subhedral
pyroxene pheno crysts 2–3 mm in size, with dis tinct blue-
green feld spar in a blu ish grey ground mass. Epidote and
chlorite al ter ation is com mon both in the ma trix and in
veins.

The vol ca nic rocks be come pro gres sively schis tose
from east to west in the Fitz ger ald moun tain area, south of
Coalmont. The tuff and lapilli tuff look mas sive in out crop
but dis play a weak fo li a tion on bro ken sur faces. This fo li a -
tion be comes pro gres sively more pen e tra tive to the west.
Finer grained tuff pro duces blu ish green-grey chlorite
schist. Rel ict pyroxene is chloritized and var ies from
euhedral shapes to smeared blebs along the schistosity.
Clasts in lapilli tuff and brec cia are undeformed to slightly
flat tened. Chloritic rims may de velop around the clasts,
with feath er ing of their ter mi na tions oc cur ring along the
fo li a tion. Sim i lar schis tose meta vol can ic rocks also are
found south of Arrastra Creek and in the Cham pion Creek
area, where actinolite and bi o tite are de vel oped in meta vol -
can ic rocks in the aureole of the Eagle Plutonic complex.

PRINCETON GROUP

Eocene rocks of the Prince ton Group oc cur in the
north ern (Tulameen coal ba sin) and east ern (Prince ton ba -
sin) parts of the map area (Fig ure 2). They lie un con form -
ably on the Nicola Group and re lated in tru sive rocks. Mod -
er ate paleorelief is ev i dent on the un con formity and was
es ti mated at more than 300 m in the Prince ton area by Mc -
Mechan (1983).

Within the map area, the Prince ton Group com prises a
lower vol ca nic se quence cor re lated by Read (2000) with
the Ce dar For ma tion and for merly called the ‘Lower Vol ca -
nic For ma tion’ (Shaw 1952a, b; McMechan, 1983), and an
over ly ing sed i men tary suc ces sion re ferred to as the ‘Allen -
by For ma tion’. A Mid dle Eocene age has been sug gested
for these rocks based on whole-rock K-Ar dat ing and
paleontological de ter mi na tions (Church and Brasnett,
1983; Read, 2000). Field ob ser va tions were re stricted to
out crops of the Ce dar For ma tion in the south west ern part of 
the Tulameen ba sin, in the Blakeburn Creek area, and on
the east ern edge of the map area, from the old Rice millsite
south to Bromley Creek.

In the Blakeburn Creek area, the basal unit is a dis tinc -
tive fine-grained, aphyric, amyg da loid al to vug gy, mas sive
mafic flow. It is me dium grey, weath ers brown to or ange-
brown and con tains ves i cles, vugs and thin veinlets infilled
with milky white to clear chal ce dony. This unit is over lain
by a se quence of coarse-grained, grey-brown to pale
brown-weath er ing clastic sed i men tary rocks, rang ing from
sand stone and gritstone to peb ble con glom er ate. Sand stone 
is me dium to coarse grained and in cludes dark lithic frag -
ments as well as quartz and feld spar. Some beds fine up -
ward into silty lam i nated tops. Con glom er ate is polymictic
and in cludes subangular to subrounded clasts of var i ous
vol ca nic rocks, fine-grained vol ca nic de tri tus and quartz.
Clast-clast con tacts are com mon. Car bon ized plant de bris
was ob served in one gritstone out crop. The sed i men tary se -
quence is over lain, in turn, by mafic to in ter me di ate flows,
which may con tain some ves i cles, al though they are gen er -
ally mas sive. The flows range from black to grey to buff and 
vary from aphyric to por phy ritic. Pheno crysts in clude white
feld spar, pink to tof fee-col oured K-feld spar, pyroxene and
bi o tite.

At the east ern edge of the map area, clastic sed i men -
tary rocks are ab sent from the Ce dar For ma tion. The vol ca -
nic rocks vary widely in type and com po si tion, from mafic
to fel sic, aphyric to por phy ritic, and mas sive to volcaniclas -
tic. Vol ca nic units of in ter me di ate com po si tion are most
com mon and gen er ally dis play por phy ritic tex tures. These
in clude va ri et ies of feld spar, feld spar-pyroxene, feld spar-
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Fig ure 6. Schis tose metasedimentary rocks of the Nicola Group,
Gran ite Creek area, Brit ish Co lum bia: a) thinly lam i nated bi o tite-
actinolite schist (field sta tion 09NMA01-03; UTM Zone 10,
5484828N, 650771E, NAD 83); b) interbedded quartz ite and
biotite-actinolite schist (09SOL01-10; UTM Zone 10, 5484054 N,
651703E, NAD 83); c) coarse actinolite nee dles and sheaves
along a fo li a tion plane in actinolite quartz ite (09SOL02-03; UTM
Zone 10, 5484382N, 651692E, NAD 83).



hornblende and hornblende–K-feldspar andesites,
megacrystic feld spar an de site and feldspar-hornblende
dacite, as well as mono lithic and heterolithic andesitic
brec cias, lapilli tuff, and pyroxene and feld spar crys tal
tuffs. Mafic units con sist of dark grey or brown, ve sic u lar,
mas sive or mono lithic brec cia. Epidote al ter ation is found
in the ma trix of brec cia, re plac ing feld spar pheno crysts and
along frac tures and veins. Chlorite infills ves i cles and mi -
nor veinlets, and may be accompanied by minor calcite,
quartz and zeolite.

MIOCENE COLUMNAR BASALT

Flat-ly ing, mas sive to co lum nar-jointed, ol iv ine ba salt
flows un con form ably over lie the Prince ton Group in the
Blakeburn area (Rice, 1947). Based on a whole-rock K-Ar
de ter mi na tion of 9 ±0.9 Ma (Ev ans, 1978; Church and
Brasnett, 1983; Mathews, 1989; Breitspecher and Morten -
sen, 2004), these ba salt flows are Mio cene and there fore
cor re la tive with the Chil cotin Group. Iso lated, up to room-
sized blocks are also ob served in the Blakeburn Creek–
New ton Creek area to the west of the main out crop ar eas
(Fig ure 8). The ba salt is fine- to me dium-grained, black on
the fresh sur face, but lighter grey with or ange spots on the
weath ered sur faces. Sparse ves i cles are infilled with white
quartz and ze o lite. Co lum nar joints are well de vel oped, al -
though of ten subhorizontal due to tilt ing of the blocks.

Blocks up to 30 m across have also been re ported in Gran ite
Creek (Ev ans, 1985), which sug gests that the flows were
originally more extensive.
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Fig ure 7. Vol ca nic and meta vol can ic rocks of the Nicola Group, Gran ite Creek area, south ern Brit ish Co lum bia: a) pur ple mono lithic feld -
spar ba salt brec cia (field sta tion 09NMA15-02; UTM Zone 10, 5484259N, 668284E, NAD 83); b) heterolithic tuff brec cia (09NMA13-07;
UTM Zone 10, 5483105N, 665739E, NAD 83); c) rel ict pyroxene crys tals in chlorite schist (metatuff) (09NMA02-06; UTM Zone 10,
5471753N, 659170E, NAD 83); d) boudinaged clast in lapilli metatuff, show ing no ta ble feath er ing of end of clast into the schistosity
(09NMA03-02; UTM Zone 10, 5472126N, 658555E, NAD 83).

Fig ure 8. Large iso lated block of Mio cene co lum nar ol iv ine ba salt,
Gran ite Creek area, Brit ish Co lum bia; block is ap prox i mately 2.5 m 
high (field sta tion 09NMA09-14; UTM Zone 10, 5484605N,
660440E, NAD 83).



Intrusive Rocks

Sev eral phases of in tru sions oc cur in the map area, in -
clud ing: the Late Tri as sic ultra mafic-mafic Tulameen com -
plex, the Ju ras sic–Cre ta ceous Ea gle Plutonic com plex, the
Ju ras sic (?) Boul der in tru sion and mi nor Ter tiary in tru sions 
co eval with the Princeton Group.

LATE TRIASSIC INTRUSIONS

Tulameen ultra mafic-mafic com plex

The Tulameen com plex is the larg est Alas kan-type in -
tru sion in Brit ish Co lum bia (Nixon et al., 1997). It oc curs in 
the north west ern part of the map area, ex tend ing from
Arrastra Creek to the Tulameen River (Fig ure 2) and north
to Grass hop per Moun tain. It has been de scribed in de tail by
Findlay (1963, 1969), Rublee (1994) and Nixon et al.
(1997). No new map ping was un der taken as part of the
pres ent study. The prin ci pal units of the com plex com prise
du nite, ol iv ine clinopyroxenite, hornblende clinopyrox en -
ite and gabbroic to dioritic and monzonitic rocks. Con tacts
with the sur round ing Nicola Group rocks are rarely ex -
posed and are gen er ally faulted. How ever, Nixon et al.
(1997) re ported rafts of Nicola metasedimentary rocks in -
truded by gab bro and hornblendite south of Blakeburn
Creek. A U-Pb zir con date in the range of 204–212 Ma from 
a syenodiorite phase was re ported by Rublee and Parrish
(1990) and Rublee (1994), in agree ment with older K-Ar
and 40Ar/39Ar dates from hornblendes (Roddick and Farrar,
1971, 1972; McDougall, 1974), which in di cates that the
com plex is Late Tri as sic, prob a bly coeval with the
surrounding Nicola Group.

Other Diorite and Pyroxenite Stocks

The Rice stock and sev eral smaller stocks of diorite-
gab bro and pyroxenite are found in the east ern part of the
map area, where they in trude Nicola Group rocks or are un -
con form ably over lain by the Prince ton Group. They may
be re lated to the Tulameen com plex or to the Late Tri as sic
Cop per Moun tain in tru sions, fur ther to the east.

The Rice stock is me dium grey to green, coarse-
grained and equigranular to slightly por phy ritic gab bro to
diorite. Feld spar laths are white to ap ple green; mi nor pink
K-feld spar forms small in ter sti tial crys tals. Quartz is gen er -
ally ab sent, but may be pres ent as a mi nor con stit u ent in
more dioritic phases. Mafic min er als are in ter sti tial to
subhedral and in clude both square to lath-shaped pyroxene
and tab u lar to nee dle-like hornblende, with col our in di ces
vary ing from 25 to 50. Pyroxene pheno crysts up to 3–5 mm
in size can im part a dis tinctly spot ted ap pear ance to the
outcrop (Figure 9a).

An out crop at the GD show ing (Ta ble 1), about 5 km to
the west of the Rice stock, is sim i larly coarse-grained
diorite with white to pale green plagioclase feld spar and
mi nor pink K-feld spar. Hornblende nee dles range up to
1 cm in size. The diorite is no ta ble for the pres ence of abun -
dant xe no liths, in clud ing rounded, cog nate pyroxenite
(Fig ure 9b). Very coarse peg ma titic diorite,  with
hornblende up to 2–3 cm long, oc curs in float, but was not
observed in outcrop.

Coarse-grained, lay ered pyroxenite-gab bro-diorite
oc curs in an iso lated out crop 2 km south of the main Rice
stock. Pyroxenite is dark green to black on fresh sur faces,
weath ers dark grey and con tains crys tals rang ing up to 1 cm
in size; mi nor white feld spar and mag ne tite oc cur in ter sti -

tially. Pyroxene-rich gab bro and melanodiorite are gen er -
ally finer grained. The diorite also con tains elongate
hornblende.

JURASSIC-CRETACEOUS EAGLE
PLUTONIC COMPLEX

The Ea gle Plutonic com plex lies along the west ern
mar gin of the map area (Fig ure 2), in trud ing the Eastgate–
Whip saw meta mor phic belt and Nicola Group. Greig
(1989, 1992) de scribed the com plex im me di ately to the
north. Within the map area, most out crops be long to Grieg’s 
‘Ea gle tonalite’, al though, in the ab sence of petrographic
data, these were called ‘bi o tite-granodiorite’ in the field,
which ter mi nol ogy is re tained here. Greig et al. (1992) re -
ported Mid dle to Late Ju ras sic U-Pb zir con ages for the
Eagle tonalite.

The bi o tite-granodiorite is a syntectonic in tru sion with 
vary ing tex ture and fab rics. A range of fo li ate fab rics from
mas sive to gneissic are seen in the granodiorite. Mas sive
phases are equigranular to seriate, vary ing in grain size
from 3–5 mm to 5–6 mm. White feld spar forms subhedral
laths. Trans lu cent grey quartz is ir reg u lar, of ten in ter sti tial
to feld spar and bi o tite and may be smaller in grain size. Bi o -
tite is typ i cally black and makes up 10–25% of the rock. Mi -
nor epidote, mag ne tite and red gar net are com mon. Finer
grained microgranodiorite (1–2 mm grain size) is of sim i lar 
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Fig ure 9. Tri as sic diorite from the Gran ite Creek area, south ern
Brit ish Co lum bia: a) pyroxene pheno crysts in diorite (field sta tion
09NMA17-03; UTM Zone 10, 5479310N, 671135E, NAD 83); b)
cog nate pyroxenite xe no liths in diorite (09NMA18-07; UTM
Zone 10, 5479715N, 666731E, NAD 83).
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Table 1. Mineral occurrences in the map area (from MINFILE, 2009). Note that only the principal name is shown for each occurrence for
brevity. Deposit type codes: A03, sub-bituminous coal; A04, bituminous coal; B07, bog Fe, Mn, U, Cu, Au; C01, surficial placer; D01, open-
system zeolite; E06, bentonite; G06, Noranda/Kuroko massive sulphide; I01, Au-quartz vein; I02, intrusion-related Au pyrrhotite veins; I05,
Ag-Pb-Zn±Au polymetallic veins; K01, Cu skarn; K04, Au skarn; K07, Mo skarn; L01, subvolcanic Cu-Ag-Au (As-Sb); L03, alkalic porphyry
Cu-Au; L04, porphyry Cu±Mo±Au; M04, magmatic Fe-Ti±V oxide deposit; M05, Alaskan-type Pt±Os±Rh±Ir.
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Table 1. (continued)



min eral com po si tion, al though more melanocratic with up
to 50% biotite.

Weakly fo li ated granodiorite is sim i lar to the mas sive
phase, ex cept that bi o tite shows a marked align ment, may
clus ter and may also be coarser grained. In fo li ated phases,
bi o tite forms pen e tra tive sheets, or folia, that break the
granodiorite into lay ers 1–10 cm thick. Within the lay ers
be tween folia, bi o tite is aligned par al lel to the folia. White
feld spar megacrysts up to 1–2 cm can be as so ci ated with the 
bi o tite folia, giv ing a very dis tinc tive spotted look to
surfaces.

Mas sive mus co vite gran ite, prob a bly re lated to mus co -
vite gran ite in the mid-Cre ta ceous Fallslake Plutonic suite
(Grieg, 1992; Greig et al., 1992), oc curs in the up per
Arrastra Creek area. The gran ite is pink ish white to pale
grey, me dium to coarse grained (1–3 mm grain size) and
leucocratic. It con tains both pink and white subhedral feld -
spar laths, rounded to in ter sti tial quartz, sil very micaceous
mus co vite and black bi o tite. Con tacts be tween the gran ite
and the bi o tite granodiorite were not observed.

JURASSIC (?) BOULDER INTRUSION

Gran ite of the Boul der in tru sion oc curs in the very
north east of the map area near Tulameen. This in tru sion of
still un cer tain age was not vis ited dur ing this pres ent study,
but has been de scribed by Camsell (1913) and Rice (1947)
as pink, coarse-grained, hornblende gran ite. It in trudes
rocks of the Nicola Group and is, in turn, in truded by the
Cre ta ceous Otter Lake stock.

MINOR TERTIARY INTRUSIONS

Dikes of mafic to fel sic com po si tion, co eval with the
Prince ton Group, oc cur through out the map area. They in -
clude feld spar ba salt; pyroxene, pyroxene-feld spar and
hornblende±feld spar an de site por phy ries; hornblende-
feld spar, feld spar and aphyric dacite; and rare rhyolite.

STRUCTURE

Folds

Prob lem atic cor re la tion within dif fer ent lithological
units, the lack of re gional mark ers and sus pected fa cies
changes within the vol ca nic and volcaniclastic rocks of the
Nicola Group ren der the iden ti fi ca tion of ma jor folds dif fi -
cult. Al though few bed ding at ti tudes were ob served, even
in the sed i men tary rocks, they gen er ally strike north west -
erly. Dips are of ten steep, 60–80° to both the north east and
the south west. Bed ding at ti tudes in the sed i men tary unit
im me di ately north east of Roany Creek sug gest that they lie
in the core of a syncline. How ever, the vol ca nic rocks in the
two limbs show sig nif i cant lithological dif fer ences and the
effects of faulting cannot be discounted.

Schistosity or cleav age in the Nicola Group rocks is
subparallel to bed ding, where both are ob served. They
strike north west erly with vari able (40–80°) south west erly
dips. Dips are more con sis tent, with steep in cli na tions (50–
75°) closer to the con tact with the Ea gle Plutonic com plex.
Am phi bo lite of the Eastgate–Whip saw meta mor phic belt
and syntectonic granodiorite of the Ea gle Plutonic com plex 
have sim i larly in clined schistosities.

Two schistosities are dis cern ible in some out crops in
the Whip saw area to the south (Massey et al., 2009). These
in ter sect at an acute an gle and it is of ten dif fi cult to de ter -

mine their rel a tive or der of for ma tion; sim i lar fab rics were
rarely ob served in the Gran ite Creek area. Oc ca sion ally ob -
served out crop-scale S- and Z-folds of both bed ding and
schistosity (Fig ure 10) usu ally show shal low plunges of
10–20° to the south east. The age of de for ma tion of rocks
within the Nicola Group and Eastgate–Whip saw meta mor -
phic belt is un known, al though it is at least, in part, con tem -
po ra ne ous with the in tru sion of the Middle to Late Jurassic
Eagle tonalite.

The Ter tiary Tulameen ba sin pre serves a por tion of a
south east erly plung ing syncline, which has been trun cated
on the south east by the Blakeburn fault (Church and
Brasnett, 1983; Read, 1987). Beds are gen er ally gently dip -
ping (up to 35°), al though they may steepen up to 63° on the 
west ern limb (Read, 1987). Prince ton Group rocks in the
east of the map area lie on the west ern limb of the Tail ings
syncline of the Prince ton ba sin (Read, 1987); how ever, the
pre dom i nantly mas sive vol ca nic rocks yield a scar city of
structural information.

Major Faults

Con tacts be tween the Tulameen com plex and the
Nicola Group are re ported to be duc tile shears or faults
(Nixon et al., 1997). The at ti tudes of con tact faults and re -
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Fig ure 10. S-fold in actinolite-chlorite schist of the Nicola Group
meta vol can ic unit, Gran ite Creek area, south ern Brit ish Co lum bia
(field sta tion 09NMA03-03-01; UTM Zone 10, 5472062N,
658522E, NAD 83).



lated pla nar fab rics in ad ja cent rocks along the west ern
mar gin of the Tulameen com plex are par al lel to the re gional 
north west erly trending foliations in the Nicola Group and
Ea gle Plutonic com plex. North east- to east erly trending
high-an gle faults cross cut the Tulameen com plex and may
be con tem po ra ne ous with other north east erly trending
faults cut ting the Nicola Group, such as the Arrastra Creek
fault (Fig ure 2). The age of this fault ing is un known, but
trun ca tion of the Tulameen coal ba sin by the Blakeburn
fault sug gests that some of the faulting may be Tertiary.

The Eastgate–Whip saw meta mor phic belt is sep a rated
from Nicola Group vol ca nic rocks by the north west-
trending Similkameen Falls fault of un known age. Though
not ex posed in the pres ent field area, it is seen along High -
way 3 about 1 km south of Similkameen Falls (Massey et
al., 2009). The fault trace ap pears to be lin ear and is in ter -

preted to be steep. It ter mi nates east erly trending faults in
the Nicola Group and also ap pears to acutely cross cut the
three lithological as sem blages of the Eastgate–Whip saw
meta mor phic belt, which sug gests that it post dates the
Middle–Late Ju ras sic de for ma tion. Both the meta mor phic
belt and the fault trace are ter mi nated by mus co vite gran ite
of the Ea gle Plutonic com plex, which may cor re late with
the mid-Cre ta ceous Fallslake Plutonic suite, sug gest ing
that the fault predates the mid-Cretaceous.

MINERALIZATION

Some 48 min eral oc cur rences are re ported for the map
area in the MINFILE da ta base (Ta ble 1; MINFILE, 2009).
The most im por tant of these are the de pos its of the Late Tri -
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Fig ure 11. Lo ca tions of min eral oc cur rences in the map area, Gran ite Creek area, south ern Brit ish Co lum bia. Geo -
log i cal con tacts and faults in the grey map area are as in Fig ure 2.



as sic Tulameen com plex, the Ter tiary Tulameen coal ba sin
and the var i ous gold-plat i num placers.

Tulameen Complex

Twenty-two of the MINFILE oc cur rences lie in the
north west ern cor ner of the map area (Fig ure 11) and are
hosted in the Tulameen com plex. As pects of the ge ol ogy
and min er al iza tion have been de scribed by Camsell (1913), 
Rice (1947), Findlay (1969) and Nixon et al. (1997); four
main types of de posit have been found. Chromitite in the
du nite core of the com plex, in the Ol iv ine Moun tain area,
forms bul bous or ir reg u lar masses or thin dis con tin u ous
schlieren up to 4 m in length (Nixon et al., 1990). The chro -
mitite can be rich in plat i num group met als, al though the
pro por tion of plat i num group min er als is highly vari able.
Mi nor quan ti ties of base-metal sul phide and arsenide
minerals also occur.

Mag ne tite forms semi-mas sive to mas sive lenses or
vein-like bod ies in hornblende pyroxenite in the Lode stone
Moun tain and Tanglewood Hill ar eas. The lenses vary from 
a few centi metres to 5.5 m thick, al though they usu ally are
less than 1 m thick. Il men ite, mi nor leu co xene and sphene
are in ti mately as so ci ated with the magnetite.

Cop per min er al iza tion is as so ci ated with a va ri ety of
hostrocks, com monly gab bro to diorite or hornblende-rich
peg ma tite. Min er al iza tion is pri mar ily chal co py rite, py rite
and bornite, but may in clude mi nor sphalerite and ga lena.
Whereas some sil ver and plat i num have been re ported in
as says, only trace quan ti ties of gold have been found. The
min er al iza tion oc curs in len tic u lar or dis con tin u ous zones
within faults, frac tures and quartz veins. Some hostrocks
ex hibit epidote-chlorite al ter ation, and malachite and
azurite staining is also found.

Ol iv ine from unserpentinized du nite in the Ol iv ine
Moun tain–Grass hop per Moun tain area may be suit able for
the pro duc tion of foundry sand and other re frac tory prod -
ucts (White, 1987; Hora and White, 1988).

Tulameen Coal Basin

Ex plo ra tion for, and pro duc tion of, coal in the
Tulameen ba sin has pro ceeded spo rad i cally since prior to
1900, when coal was first dis cov ered near Blakeburn Creek 
and Col lins Gulch. Sum ma ries and de tails of the coal de -
pos its and their ex plo ra tion have been pro vided by Camsell
(1913), Rice (1947), Shaw (1952), Donaldson (1973),
Church and Brasnett (1983), Ev ans (1985) and Read
(2000). From 1919 to 1940, un der ground coal mines ex -
tracted about 2 mil lion tonnes from the Tulameen ba sin,
and in the 1950s, sur face min ing ex tracted about 0.15 mil -
lion tonnes (Ryan, 2004). There was re newed ex plo ra tion
in the Tulameen ba sin in the 1970s and 1980s, and a ma jor
ex plo ra tion pro gram in 1998. Small-scale pro duc tion has
proceeded sporadically into the 2000s.

The coal de pos its are hosted in the Allenby For ma tion
of the Prince ton Group. Sev eral coal seams are found in a
shale-rich mem ber ap prox i mately 130 to 200 m thick (the
Ver mil ion Bluffs shale of Read, 1987), un der lain by up to
120 m of sand stone, siltstone and andesitic vol ca nic rocks
(‘Hardwicke sand stone’ of Read, 1987), and over lain by
580 to 700 m of sand stone and peb ble con glom er ate, with
interbeds of shale, ash and coal in the lower sec tions (‘Sum -
mers Creek sand stone’ of Read, 1987). The coal con sists of
up to 30 m of coal interbedded with mudstone, ben ton ite

shale and sand stone. It oc curs in the lower 80 m of the coal-
shale mem ber in a zone of mostly brown to grey to black fis -
sile shale and mudstone with lesser coal and white to buff
ben ton ite. In di vid ual seams vary in thick ness from a few
centi metres to over 10 m and strike lengths, up to 2–3 km;
how ever, cor re la tion of seams be tween the two limbs of the
ba sin is not pos si ble. Coal rank is gen er ally high-volatile C
to B bituminous (Ryan, 2002).

Ze o lite and ben ton ite are also known from in ter me di -
ate to fel sic ash-rich sed i men tary units in the Allenby For -
ma tion of the Tulameen ba sin (Read, 2000).

Gold-Platinum Placers

Placer de pos its were dis cov ered along the Tulameen
and Similkameen rivers in the 1860s, with ma jor pro duc -
tion start ing up in the 1880s. Within the map area, the rich -
est de pos its were on Gran ite Creek and the Tulameen
River; how ever, sev eral other creeks have also at tracted in -
ter est (Ta ble 1; Fig ure 10). Al though pro duc tion at most de -
pos its con tin ued in ter mit tently only into the 1930s, ex plo -
ra tion and pro duc tion along the Tulameen River con tin ued
well into the 1970s. In ter est is now lim ited to small-scale
seasonal operations.

Gold has been the main fo cus of in ter est, but sig nif i -
cant plat i num has also been ex tracted (Rice, 1947). Met als
found along the Tulameen River tend to oc cur in old sin u -
ous chan nels bur ied deep be low gla cial gravel, which
yields only spotty val ues. At Gran ite Creek, gold- and
platinum-bear ing sec tions are gen er ally found to oc cur on
bed rock. These pay grav els are well indurated and ce -
mented by a stiff clay. The gold in the plac ers oc curs in
rough, an gu lar or slightly flat tened, rarely well-flat tened
nug gets, some of which con tain abun dant white quartz.
Plat i num forms small rounded grains of uni form size,
which are smaller than the gold nug gets and are com monly
pit ted. The gravel worked along the up per Tulameen River
also yielded black sand con sist ing of mag ne tite and chro -
mite as well as sig nif i cant gold and plat i num val ues. The
or i gin of the gold and plat i num in the plac ers is be lieved to
be from gold veins of the Grass hop per Moun tain area and
the chromitite, in the du nite of the Tulameen com plex in the 
Ol iv ine Moun tain region (Rice, 1947; Nixon et al., 1990;
Levson et al., 2002).

Other Occurrences

Cop per min er al iza tion sim i lar to that ob served in the
Tulameen com plex is found as so ci ated with the Rice stock
at the GD (MINFILE 092HSE134; MINFILE, 2009) and
Lam (MINFILE 092HSE135) oc cur rences and in
pyroxenite at the Wilmac (MINFILE 092SHE042) show -
ing. Other min eral show ings mainly con sist of a va ri ety of
quartz veins with gold and sul phide min er als, and a
polymetallic skarn; gyp sum and marl are found in Qua ter -
nary sed i ments in the Granite Creek area.
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Boundary Project: Geochronology and Geochemistry of Jurassic and
Eocene Intrusions, Southern British Columbia (NTS 082E)

by N.W.D. Massey, J.E. Gabites1, J.K. Mortensen1 and T.D. Ullrich1

KEYWORDS: Quesnel terrane, Ju ras sic, Eocene, McKin -
ney Creek stock, West Ket tle batholith, Mount Baldy stock, 
Beaverdell suite, Green wood stock, Gidon Creek por phyry

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 (Massey, 2006, 2007a, b; Massey and
Duffy, 2008a–c). These se quences oc cur within Quesnel
terrane, which is dom i nated by Pa leo zoic mafic vol ca nic
and pelitic rocks that are un con form ably over lain by Tri as -
sic and Ju ras sic vol ca nic and sed i men tary rocks, and in -
truded by var i ous suites of Tri as sic, Ju ras sic and Eocene
gra nitic rocks. This pa per doc u ments the re sults of iso to pic
dat ing and lithogeochemical stud ies on sev eral of the gra -
nitic in tru sions in the pro ject area.

ANALYTICAL METHODOLOGY

U-Pb Zircon Dating

Ura nium-lead dat ing of zir cons was car ried out at the
Pa cific Cen tre for Iso to pic and Geo chem i cal Re search
(PCIGR) at The Uni ver sity of Brit ish Co lum bia, us ing the
la ser-ab la tion in duc tively cou pled plasma–mass spec trom -
e try (LA-ICP-MS) method. In stru men ta tion em ployed at
the PCIGR com prises a New Wave UP-213 la ser-ab la tion
sys tem and a ThermoFinnigan Element2 sin gle-col lec tor,
dou ble-fo cus ing, mag netic-sec tor ICP-MS. Data ac qui si -
tion and re duc tion pro to cols at the PCIGR have been de -
scribed by Tafti et al. (2009), and are sum ma rized be low.
Zir cons were hand-picked from the heavy min eral con cen -
trate and mounted in an ep oxy puck along with sev eral
grains of the Plešovice zir con stan dard (Sláma et al., 2007),
to gether with an in-house, 197 Ma stan dard zir con, and
brought to a very high pol ish. High-qual ity por tions of each 
grain free of al ter ation, in clu sions or pos si ble in her ited
cores were se lected for anal y sis. The sur face of the mount
was washed for 10 min utes with di lute ni tric acid and rinsed 
in ultraclean wa ter prior to anal y sis. Line scans rather than
spot anal y ses were em ployed in or der to min i mize el e men -
tal frac tion ation dur ing the anal y ses. Back grounds were

mea sured with the la ser shut ter closed for 10 sec onds,
fol lowed by data col lec tion with the la ser fir ing for ap prox -
i mately 29 sec onds. The time-in te grated sig nals were an a -
lyzed us ing GLITTER soft ware (Van Achterbergh et al.,
2001; Grif fin et al., 2008), which au to mat i cally subtracts
back ground mea sure ments, prop a gates all an a lyt i cal er rors
and cal cu lates iso to pic ra tios and ages. Cor rec tions for
mass and el e men tal frac tion ation were made by brack et ing
anal y ses of un known grains with rep li cate anal y ses of the
Plešovice zir con stan dard. A typ i cal an a lyt i cal ses sion at
the PCIGR con sists of four anal y ses of the stan dard zir con,
fol lowed by four anal y ses of un known zir cons, two stan -
dard anal y ses, four un known anal y ses, etc., and fi nally four 
stan dard anal y ses. The 197 Ma in-house zir con stan dard
was an a lyzed as an un known in or der to mon i tor the
reproducibility of the age de ter mi na tions on a run-to-run
ba sis. Fi nal in ter pre ta tion and plot ting of the an a lyt i cal re -
sults em ploy the Isoplot soft ware (ver sion 3.09; Lud wig,
2003). In ter preted ages are based on a weighted av er age of
the in di vid ual cal cu lated 206Pb/238U ages.

Al though zir cons typ i cally con tain neg li gi ble amounts 
of ini tial com mon Pb, it is im por tant to mon i tor the amount
of 204Pb pres ent in or der to eval u ate the amount of ini tial
com mon Pb, and/or blank Pb, that is pres ent in the zir cons
be ing an a lyzed. The ar gon that is used in an ICP-MS
plasma com monly con tains at least a small amount of Hg,
and ap prox i mately 7% of nat u ral Hg has a mass of 204.
Mea sured count rates on mass 204 in clude 204Hg as well as
any 204Pb that might be pres ent, and di rect mea sure ment of
204Pb in a la ser-ab la tion anal y sis is there fore not pos si ble.
In stead, mass 202 is mon i tored; this cor re sponds ex clu -
sively to 202Hg. The ex pected count rate for 204Hg pres ent in
the anal y sis can then be cal cu lated from the known iso to pic
com po si tion of nat u ral Hg, and any re main ing counts at
mass 204 can be at trib uted to 204Pb. Us ing this method, it is
pos si ble to con clude that there was no mea sur able 204Pb
pres ent in any of the anal y ses in this study.

40Ar/39Ar Dating

Bi o tite and hornblende for 40Ar/39Ar dat ing were hand-
picked from fine crushed sam ples. Min eral sep a rates for
dat ing were wrapped in alu mi num foil and stacked in an ir -
ra di a tion cap sule with sam ples of sim i lar age and neu tron
flux mon i tors (Fish Can yon Tuff sanidine [FCs], 28.02 Ma;
Renne et al., 1998). The sam ples were ir ra di ated at the
McMaster Nu clear Re ac tor in Ham il ton, On tario for
90 MWh, with a flux of ap prox i mately 6 x 1013 neu -
trons/cm2/s. Anal y ses (n = 45) of 15 neu tron-flux mon i tor
po si tions pro duced er rors of <0.5% in the J value. The sam -
ples were an a lyzed at the No ble Gas Lab o ra tory of the
PCIGR. The min eral sep a rates were step-heated at
incrementally higher pow ers in the defocused beam of a
10W CO2 la ser (New Wave Re search MIR10) un til fused.
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The gas evolved from each step was an a lyzed by a VG5400
mass spec trom e ter equipped with an ion-count ing elec tron
mul ti plier. All mea sure ments were cor rected for to tal sys -
tem blank, mass spec trom e ter sen si tiv ity, mass dis crim i na -
tion, ra dio ac tive de cay dur ing and sub se quent to ir ra di a -
tion, and in ter fer ing Ar from at mo spheric con tam i na tion
and the ir ra di a tion of Ca, Cl and K (iso tope pro duc tion ra -
tios: (40Ar/39Ar)K = 0.0302 ±0.00006; (37Ar/39Ar)Ca =
1416.4 ±0.5; (36Ar/39Ar)Ca = 0.3952 ±0.0004; Ca/K =
1.83 ±0.01(37ArCa/

39ArK). Pla teau and cor re la tion ages
were cal cu lated us ing Isoplot (Lud wig, 2003). Er rors are
quoted at the 2s (95% con fi dence) level and are prop a gated 
from all sources ex cept mass spec trom e ter sen si tiv ity and
age of the flux monitor.

Re sults of the dat ing stud ies are briefly sum ma rized in
Ta ble 1. Com plete an a lyt i cal data are pre sented in Massey
et al. (2010). Lo ca tions of sam ples are shown in Fig ure 1.

JURASSIC AND EOCENE INTRUSIONS

Greenwood Area

GREENWOOD STOCK

Sev eral granodiorite stocks and smaller bod ies in the
Green wood area have been as cribed to the Ju ras sic Nel son
suite (Lit tle, 1983; Fyles, 1990). The Green wood stock

(sam ple 1 on Fig ure 1 and in Ta ble 1) is one of these bod ies,
cen tred on the city of Green wood. Like the other in tru sions, 
it con sists of me dium- to coarse-grained, grey bi o tite-
hornblende granodiorite to quartz diorite. It in trudes chert
and ba salt of the Knob Hill Com plex and lies in the footwall 
of the west ern ex ten sion of the Snow shoe fault, a listric
nor mal fault of Ter tiary age (Fyles, 1990).

Re sults of la ser-ab la tion de ter mi na tions (Fig ure 2a)
yield a lat est Early Ju ras sic age of 179.9 ±3.8 Ma. This is
slightly older than the re ported age of 172.5 ±5.0 Ma for the
old est phases of the Nel son batholith (Ghosh, 1995) and
sug gests ear lier plutonic ac tiv ity in the Bound ary dis trict. It 
is, how ever, slightly youn ger than the vol ca nic rocks of the
Sinemurian Elise For ma tion of the Rossland Group (Höy
and Dunne, 1997).

GIDON CREEK PORPHYRY

The Gidon Creek por phyry (sam ple 5 in Fig ure 1 and
Ta ble 1) is well ex posed in roadcuts in the Nor we gian
Creek and Gidon Creek ar eas. The por phyry in trudes Tri as -
sic Brook lyn For ma tion meta vol can ics in the footwall of
the Num ber 7 fault, al though its re la tion ship to the fault was 
not di rectly ob served.

The sam ple is a leucocratic quartz-feld spar por phyry.
Pink perthitic K-feld spar megacrysts are subhedral to
subrounded and about 1 cm in size, rang ing up to 2 cm.
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Fig ure 1. Re gional ge ol ogy of the Bound ary Pro ject area (amended from Massey et al., 2005), south ern Brit ish Co lum bia, show ing the lo -
ca tion of sam ples col lected for geo chron ol ogy and geo chem is try. Geo chron ol ogi cal sam ples are num bered as in Ta ble 1. The Pa leo zoic
se quences in clude the Wallace For ma tion of the Beaverdell area, which may be Tri as sic. Only the sam pled in tru sions are shown on the
map; oth ers have been omit ted.
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Table 1. Summary of U-Pb zircon and 40Ar/39Ar ages obtained for intrusive samples collected during the Boundary Project, southern British Columbia. All UTM location data are in Zone 11,
NAD83. Errors associated with individual ages are listed at the 2s level (95% confidence interval); see Massey et al. (2010) for complete analytical data.



Plagioclase pheno crysts were also ob served, al though
smaller than the K-feld spar. Quartz eyes are rounded and
com monly 3–5 mm in size but rang ing up to 10 mm. Ground -
mass is a white to pale pink, finer grained mo saic of quartz,
K-feld spar and plagioclase crys tals. Mafic min er als are
sparse, with col our in dex of ten <5%, and are mostly bi o tite
re placed by chlorite.

The mar gins of the por phyry are sheared, fo li a tion
vary ing from trachytic to mylonitic in ap pear ance. Where
pre served, pheno crysts are bro ken and strung out along the
fo li a tion. Quartz shows strained ex tinc tion in thin sec tions.
Feld spars are com pletely al tered to seri cite, epidote and
chlorite.

The Gidon Creek por phyry has been cor re lated with
the nearby Lexington por phyry (Fyles, 1990), sub se -
quently dated at 199 Ma by Church (1992) and Dostal et al.
(2001). How ever, the Gidon Creek quartz-feld spar por -
phyry is lithologically and chem i cally dis tinct from the
Lexington por phyry and prob a bly not di rectly cor re lat able
(Massey, 2007c). Zir cons from the Gidon Creek por phyry
con firm this, yield ing a Mid dle Ju ras sic age of 171.6
±2.3 Ma (Fig ure 3a). Xenocrystic zir cons of sev eral ages,

in clud ing 225 Ma, 373–363 Ma, 1689 Ma and 1978 Ma, are 
also pres ent in the sam ple (Fig ure 3a; the old est two anal y -
ses are not shown in the fig ure).

The por phyry may cor re late with the Sil ver King in tru -
sions of the Rossland area, which have sim i lar ages (Höy
and Dunne, 1997). These synkinematic in tru sions show in -
tensely sheared mar gins sim i lar to those of the Gidon Creek 
por phyry but lack the K-feld spar megacrysts (Dunne and
Höy, 1992).

Rock Creek–McKinney Creek Area

MCKINNEY CREEK GRANODIORITE

The McKinney Creek granodiorite (sam ple 4 in Fig -
ure 1 and Ta ble 1) forms a lin ear body just north of Brides -
ville. It has been cor re lated with the Nel son in tru sions (Lit -
tle, 1961; Tempelman-Kluit, 1989) and in trudes rocks of
the Pa leo zoic An ar chist schist to the north and south. How -
ever, re la tion ships with more gneissic rocks to the west are
un cer tain. The stock com prises two dis tinct phases: an
ear ly  b i  o  t i te  granodiori te  and la ter  por  phy r i t ic
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Figure 2. LA-ICP-MS zir con age de ter mi na tions for ’Nel son suite’ gra nitic bod ies in the Bound ary Pro ject area, south ern Brit ish Co lum bia:
a) Green wood stock, b) West Ket tle batholith, c) Myers Creek stock, and d) McKinney Creek stock (two re jected sam ples >180 Ma have
been omit ted). See Ta ble 1 for lo ca tion data. Er ror bars for in di vid ual anal y ses and for the fi nal weighted av er age ages on these and sub se -
quent plots are shown at the 2s level. Anal y ses that were in cluded in the weighted av er age age are shown as red bars and those that were
re jected are shown as blue bars.



granodiorite. Only the bi o tite granodiorite was sam pled for
geochronometry. It is coarse grained (up to 4 mm) and
white to grey. 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 that can be
up to 1 cm. Col our in dex av er ages 25. Small rounded am -
phi bo lite xe no liths are com mon and chlorite coats frac tures 
and joints.

Zir cons from the McKinney Creek bi o tite granodiorite 
yield a Paleocene age of 57.1 ±0.5 Ma (Fig ure 2d), with
some older xenocrystic zir cons rang ing up to about
2500 Ma (two sam ples not plot ted in Fig ure 2d). This is in
con trast to an age of 160.5 ±2.0 Ma re ported by Par kin son
(1985), pos si bly within the same stock, to the north west of
An ar chist Moun tain. How ever, it com pares fa vour ably
with U-Pb ages of 62–54 Ma ob tained from the La dy bird
gran ite and is slightly older than the 52–50 Ma ages re -
ported for the syenitic Coryell suite (Parrish et al., 1988;
Ghosh, 1995). Parrish (1992b) also re ported an age of 48
±5 Ma, based on the lower in ter cept of dis cor dant U-Pb zir -
con de ter mi na tions, for bi o tite gran ite from the Okanagan
batholith in the up per Ket tle River area.

MOUNT BALDY GRANODIORITE

The Mount Baldy granodiorite (sam ple 6 in Fig ure 1
and Ta ble 1) is me dium to coarse grained, rang ing from 2 to
5 mm, and shows an equigranular phaneritic tex ture. It is
light to dark grey and com prises euhedral white feld spar, ir -
reg u lar grey quartz and black tab u lar bi o tite. Chlorite al ter -
ation is ap par ent 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 por phyry dikes. The stock
is part of the Okanagan batholith (Tempelman-Kluit,
1989), a larger body of poorly con strained Jura-Cre ta ceous
age that in cludes K-feld spar megacrystic gran ite cor re lated 
with the Eocene Coryell suite (Massey and Duffy, 2008c).

Zir cons from the Mount Baldy stock yield a Mid dle Ju -
ras sic age of 168.5 ±1.4 Ma (Fig ure 4), com pa ra ble to sim i -
lar Mid dle Ju ras sic ages from the Nel son batholith and
Bonnington pluton (Ghosh, 1995). It con firms the pres ence 
of Mid dle Ju ras sic mag matic prod ucts in the Okanagan
batholith, al though more map ping and geo chron ol ogi cal
stud ies are needed to ad e quately dis crim i nate all its phases.

DIORITE-GABBRO

A belt of diorite oc curs along the north east ern edge of
the McKinney Creek map area (Massey and Duffy, 2008c),
in trud ing rocks of the Pa leo zoic An ar chist schist. The unit
com prises me dium- to coarse-grained, black to grey diorite
to gab bro that weath ers dark green ish grey. The rock com -
prises vary ing quan ti ties of equigranular green ish black
hornblende and white feld spar, and oc ca sional quartz.
Shear zones are com mon, ac com pa nied by flat ten ing and
stretch ing of min er als, white veinlets of feld spar and
quartz, and chloritization. Peg ma titic diorite veins are also
found. The unit is a com pos ite in tru sion with fine-grained
chills be tween dif fer ent diorite phases. These fine-grained
chills are dif fi cult to dis tin guish from ba saltic dikes in
small out crops. Sev eral ultra mafic in tru sions are spa tially
as so ci ated with the belt of diorite, and pre sumed to be ge -
net i cally re lated.

The mafic rocks are in truded by, and in cluded as xe no -
liths in, Ju ras sic (?) granodiorite and may be an older phase
of the Nel son suite. Diorite and ser pen tin ite are also in -
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Fig ure 3. LA-ICP-MS zir con age de ter mi na tions for fel sic bod ies of 
pre vi ously un known age in the Bound ary Pro ject area, south ern
Brit ish Co lum bia: a) Gidon Creek por phyry (two re jected sam ples
>100 Ma have been omit ted), b) Ed James Creek orthogneiss. See
Ta ble 1 for sam ple lo ca tions.

Fig ure 4. LA-ICP-MS zir con age de ter mi na tions for the Mount
Baldy stock, Bound ary Pro ject area, south ern Brit ish Co lum bia.
See Ta ble 1 for sam ple lo ca tions.



truded by the Mount Baldy granodiorite. Al ter na tively, the
diorite and ultra mafic rocks may be con tem po ra ne ous with
older Ju ras sic ultra mafic in tru sions in the Green wood area
(e.g., on the Sappho prop erty; Nixon, 2002).

Two sam ples of hornblende-rich diorite were col lected 
for 40Ar/39Ar age de ter mi na tion (sam ples 8 and 9 in Fig -
ure 1 and Ta ble 1). Un for tu nately, the sep a rated horn -
blendes showed ex cess ar gon and failed to yield a pla teau
age. How ever, one sam ple of bi o tite yielded a pla teau age
of 51.0 ±0.3 Ma (Fig ure 5), rep re sent ing a cool ing age af ter
the re gional heat ing ef fects of Eocene magmatism and
extensional tec ton ics. The crys tal li za tion age for the diorite 
re mains un de ter mined.

MYERS CREEK QUARTZ DIORITE

The Myers Creek stock (sam ple 2 in Fig ure 1 and Ta -
ble 1) is a grey to orangey white quartz diorite to diorite. It is 
me dium to coarse grained and equigranular, with a typ i cal
salt-and-pep per tex ture. It com prises white feld spar,
colour less quartz, black flakey bi o tite and mi nor black
hornblende. Mafic min er als lo cally form up to 30% of the
rock. Like the McKinney Creek stock, the Myers Creek
stock was cor re lated with the Nel son suite by Lit tle (1961)
and Tempelman-Kluit (1989). It is found in ei ther faulted or 
in tru sive con tact with quartz ite and metasedimentary rocks
of the An ar chist schist (Massey, 2007a).

Zir cons from the Myers Creek stock yielded an ear li est 
Late Ju ras sic age of 157.0 ±1.2 Ma (Fig ure 2c). This is sig -
nif i cantly youn ger than the other Ju ras sic in tru sions sam -
pled in the area, and the Mid dle Ju ras sic Nel son suite with
which it was pre vi ously cor re lated. Mag matic ac tiv ity in
the Late Ju ras sic is poorly doc u mented in south ern BC.
How ever, sim i lar late Mid dle to early Late Ju ras sic ages
have been re ported from a bi o tite gran ite phase of the Nel -
son batholith (158.9 ±0.6 Ma; Sevigny and Parrish, 1993),
a leucocratic gneiss rem nant from the Kinnaid gneiss
(156.6 ±6.0 Ma; Ghosh, 1995) and metaporphyry in the
Nicola horst (158.3 ±0.6 Ma; Moore et al., 2000; 157.5
±0.5 Ma; Erdmer et al., 2002), sug gest ing that this
magmatism is more com mon in south ern BC than pre vi -
ously be lieved.

ED JAMES CREEK ORTHOGNEISS

Orthogneiss forms an inlier in the Ed James Creek area
(sam ple 7 in Fig ure 1 and Ta ble 1), ly ing struc tur ally be -
neath the Knob Hill Com plex, al though the bound ing fault
is not ex posed. Schistosity within the gneiss is flat to mod -
er ately dip ping to the east, match ing that in the rocks of the
over ly ing Knob Hill Com plex and sug gest ing an east erly-
dip ping extensional fault. A subvertical nor mal fault
bounds the gneiss to the east, putt ing it in con tact with Ter -
tiary vol ca nic and sed i men tary rocks. The gneiss is ten ta -
tively cor re lated with gneiss of the Pro tero zoic Grand
Forks Gneiss Com plex, which shares a sim i lar struc tural
re la tion ship with the Knob Hill Com plex in the Grand
Forks area (Höy and Jackaman, 2005) and with the Vaseaux 
gneiss of the Okanagan Val ley (Tempelman-Kluit, 1989).

Sev eral va ri et ies of orthogneiss are ob served in the
study area. A grey bi o tite-feld spar-quartz gneiss is most
com mon. It is coarse grained and well fo li ated, with
schistosity de fined by the align ment of bi o tite porphyro -
blasts. White feld spar porphyroblasts, rang ing up to 5 mm
in lon gest di men sion, form small augens. Bi o tite forms
large clots, up to 2 cm in di am e ter, within the fo li a tion
plane, giv ing a spot ted ap pear ance to the rock when bro ken

ap pro pri ately. Vari a tion in min eral pro por tions re sults in
col our band ing and a vari a tion from diorite to granodiorite
in com po si tion.

The gneiss is in truded by a me dium- to coarse-grained
unfoliated leucogranite. The rock is com posed pre dom i -
nantly of white feld spar and quartz with mi nor bi o tite; col -
our in dex is less than 5 and the rock oc ca sion ally shows a
pink ish hue on fresh sur faces.

Zir cons from the bi o tite-feld spar-quartz gneiss yielded 
an Early Ju ras sic age of 187.7 ±1.1 Ma (Fig ure 3b). This
com pares to the 197–181 Ma age re ported for the Fife
diorite of the Chris tina Lake area (Acton et al., 2002), but is
older than the Mid dle Ju ras sic ages re ported here, and pre -
vi ously (Ghosh, 1995), for the Nel son batholith. Other
Early Ju ras sic diorite and por phyry bod ies oc cur in the
Rossland area and have been cor re lated with vol ca nic rocks 
of the Early Ju ras sic Rossland Group (Fyles, 1984; Brown
and Lo gan, 1989).

No zir cons were re cov ered from the unfoliated leuco -
granite. Sim i lar post-tec tonic gra nitic in tru sions in the
Castlegar gneiss yielded early Ter tiary ages (Parrish et al.,
1988; Parrish, 1992a).

Beaverdell Area

WEST KETTLE BATHOLITH

The West Ket tle 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 and me -
dium to coarse grained equigranular with a typ i cal salt-and-
pep per tex ture. 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 var ies from about 5 to 20% or may 
be ab sent in dioritic phases. Col our in dex is about 10–15
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 oc ca sion ally seen.
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Fig ure 5. 40Ar/39Ar age spec trum for bi o tite from diorite in the
McKinney Creek vi cin ity of the Bound ary Pro ject area, south ern
Brit ish Co lum bia. See Ta ble 1 for sam ple lo ca tions. Box heights for
steps in this plot are shown at the 2s level. Steps that were uti lized
for that pla teau age cal cu la tion are filled; re jected steps are open.



Zir cons from a sam ple of granodiorite from the West
Ket tle batholith (sam ple 3 in Fig ure 1 and Ta ble 1) yielded a 
Late Tri as sic age of 213.5 ±0.9 Ma (Fig ure 2b). It com pares
to the sim i lar Late Tri as sic age as signed to the Josh Creek
diorite in the Chris tina Lake area by Acton et al. (2002).

Fur ther, the West Ket tle batholith has a sim i lar calc -
alkaline, vol ca nic-arc char ac ter and nor mal ized rare earth
el e ment (REE) pat terns that are iden ti cal to vol ca nic rocks
of the Wallace For ma tion, which it in trudes (Massey,
2010). This sug gests that the West Ket tle batholith may be,
at least in part, co eval with the Wallace For ma tion.

HORNBLENDE CROWDED FELDSPAR
DIORITE

Bod ies of diorite, quartz diorite, microdiorite and
microgranodiorite in trude sed i men tary rocks of the
Wallace For ma tion east of Beaverdell (sam ples 10 and 11
in Fig ure 1 and Ta ble 1). These are me dium- to coarse-
grained equigranular rocks com pris ing white feld spar,
green-black hornblende and vari able amounts of quartz.
One dis tinc tive li thol ogy, termed the ‘hornblende crowded
feld spar diorite’ by Greig and Flasha (2005), un der lies
much of the GK prop erty. This rock is char ac ter ized by
abun dant subrounded to subhedral lath-shaped, white feld -
spar crys tals set in a finer grained black groundmass of
acicular hornblende and feld spar.
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 West Ket tle granodiorite is
pres ently un known.

One sam ple yielded a good
hornblende 40Ar/39Ar pla teau age
of 177.3 ±1.0 Ma (Fig ure 6). This
is sig nif i cantly youn ger than the
Late Tri as sic age ob tained for the
West Ket tle batholith, and com -
pares with that of the Nel son suite
Green wood stock.

GEOCHEMISTRY OF
THE GRANITOID
INTRUSIONS

Whole-rock geo chem i cal
anal y ses were car ried out on all
the dated sam ples, as well as other 
sam ples from the Ju ras sic and
Eocene in tru sions (Fig ure 1). Re -
sults are sum ma rized in Ta ble 2.
Al though only a small num ber of
sam ples was an a lyzed, the re sults
ap pear to sug gest some dif fer -
ences be tween the var i ous suites.

All sam ples are subalkaline,
in ter me di ate to fel sic (Fig ure 7),
and  calcalka line  or  h igh-K
calcalkaline (Fig ures 8, 9) in
char ac ter, with the ex cep tion of
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Fig ure 6. 40Ar/39Ar spec trum for hornblende from the ‘hornblende
crowded feld spar diorite’ (Greig and Flasha, 2005), Crouse Creek
vi cin ity, Bound ary Pro ject area, south ern Brit ish Co lum bia. See Ta -
ble 1 for sam ple lo ca tions. Box heights for steps in this plot are
shown at the 2s level.

Fig ure 7. To tal al kali ver sus SiO2 plot for gra nitic in tru sions in the Bound ary Pro ject area, south -
ern Brit ish Co lum bia. Clas si fi ca tion fields and no men cla ture from Wil son (1989) af ter Cox et al.
(1979). The al ka line-subalkaline di vid ing line is from Irvine and Baragar (1971). Sym bols: open
green di a monds, McKinney diorite; solid green di a monds, Beaverdell diorite; open red tri an gles, 
Tri as sic West Ket tle batholith; solid red tri an gle, Mid dle Ju ras sic Green wood stock; red X, Mid -
dle Ju ras sic Mount Baldy stock; solid pur ple squares, Mid dle Ju ras sic Gidon Creek por phyry;
red crossed square, Mid dle Ju ras sic Ed James orthogneiss; solid red cir cle, Late Ju ras sic Myers 
Creek stock; solid blue squares, Eocene McKinney Creek stock; blue crosses, Eocene
Beaverdell in tru sion; blue crossed square, Eocene Ed James leucogranite.
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Table 2. Whole-rock geochemical analyses for granitic intrusions in the Boundary Project area, southern British Columbia. Major elements
and Rb, Sr, Ba, Y, Zr, Nb, V, Ni and Cr were determined by x-ray fluorescence (major elements on fused disc, trace elements on pressed-
powder pellet) by Teck (Global Discovery) Labs. Rare earth elements, Th, Ta and Hf were determined by peroxide-fusion inductively coupled
plasma–mass spectrometry at Memorial University of Newfoundland. Dashes indicate element determination below detection limit; blank
values indicate elements not analyzed.
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Table 2. (continued)



one McKinney Creek diorite sam ple (07NMA05-15),
which is more mafic and tholeiitic, and the Eocene Col lier
Lake stock, which is alkalic. Ma jor and trace el e ments,
how ever, do show dis tinc tions be tween the var i ous suites.
Tri as sic and Ju ras sic in tru sions,
in clud ing both the diorites and the 
granodiorites, show a typ i cal vol -
ca nic-arc char ac ter (Fig ures
10, 11), al though the Gidon Creek 
and Mount Baldy stocks have a
late-orogenic sig na ture.

Eocene in tru sions, in clud ing
the post-fo li a tion leucogranite
from the Ed James Creek area, are
also dis tinct on geo chem i cal
plots. How ever, their extensional
tec tonic en vi ron ment (Parrish et
al., 1988) is poorly dis crim i nated
in Fig ures 10 and 11, al though the
alkalic Col lier Creek stock does
show a within-plate anorogenic
char ac ter. Other sam ples have a
char ac ter tran si tional be tween
syn- and post- collisional.

Chondrite-nor mal ized REE
di a grams fur ther dem on strate the
geo chem i cal dis tinc tion of the
var i ous suites. Diorites from both
the McKinney and Beaverdell ar -
eas show typ i cal light rare earth
el e ment (LREE)–en riched calc -
alkaline pat terns, ex cept for the
tholeiitic sam ple from McKinney
(07NMA-15, Fig ure 12a), which
shows a LREE-de pleted pat tern.
This sam ple also shows other
trace-el e ment char ac ter is tics that
are com pa ra ble to is land-arc

tholeiite, a magma type that has not been rec og nized pre vi -
ously in the Me so zoic rocks of the study area but that is
pres ent in the Pa leo zoic in both the Knob Hill Com plex and
the An ar chist schist. Fur ther map ping and sam pling are
needed to ad e quately dis crim i nate the com po nents of this
com pos ite diorite body, to de ter mine if it in cludes Pa leo -
zoic ma te rial.

All Ju ras sic in tru sive suites show typ i cal LREE-en -
riched calcalkaline pat terns (Fig ures 13, 14), al though they
dif fer in ab so lute abun dances and steep ness of the REE pat -
tern. In par tic u lar, the Mid dle Ju ras sic Mount Baldy stock is 
more LREE en riched than the other Ju ras sic sam ples (Fig -
ure 13b). Ter tiary in tru sions have higher REE con tents and
are more LREE en riched than the main Tri as sic and Mid dle
Ju ras sic suites (Fig ure 14a). Sam ple 07NMA38-01, from
the un named stock west of Crouse Creek, is from a K-feld -
spar megacrystic gran ite that was cor re lated with the
Coryell suite (Massey and Duffy, 2008b). How ever, it has a
nor mal ized REE pat tern sim i lar to that of the Mount Baldy
stock (Fig ure 13b). This in tru sion has not been di rectly
dated and may have been in cor rectly des ig nated as Eocene
in stead of Mid dle Ju ras sic. Fur ther geo chron ol ogi cal and
geo chem i cal stud ies are war ranted.

The Ed James Creek leucogranite has the low est REE
con tents of any sam ple and a dis tinct con cave-up ward REE
pat tern (Fig ure 14b), per haps re flect ing end-prod uct frac -
tion ation with the re moval of hornblende and the mi nor
phases that nor mally host the REEs and other high-field-
strength el e ments.
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Fig ure 8. AFM di a gram for gra nitic in tru sions in the Bound ary Pro -
ject area, south ern Brit ish Co lum bia (af ter Irvine and Baragar,
1971). A = Na2O + K2O; F = FeOto tal; M = MgO, all as weight per -
cent. Sym bols as in Fig ure 7.

Fig ure 9. K2O-SiO2 plot for gra nitic in tru sions in the Bound ary Pro ject area, south ern Brit ish Co -
lum bia, show ing fields from Peccerillo and Tay lor (1976). Sym bols as in Fig ure 7.



CONCLUSIONS

The data pre sented here il lus -
trate that the mag matic his tory of
the Bound ary Pro ject area is more
com plex than pre vi ously thought.
Gra nitic in tru sions in the area
were pre vi ously as cribed to the
Mid dle Ju ras sic Nel son suite, a
poorly de fined Jura-Cre ta ceous
suite, or to the Eocene Coryell
suite. New iso to pic age data sug -
gest that at least four pre-Eocene
suites are pres ent: Late Tri as sic
(213 Ma), Early Ju ras sic (188
Ma), Early to Mid dle Ju ras sic
(179–168 Ma) and ear li est Late
Ju ras sic (157 Ma). Al though these 
are gen er ally all of a sim i lar con ti -
nen tal arc–like geo chem is try, the
Mount Baldy in tru sion is sig nif i -
cantly dis tinct.

Eocene in tru sions are pres ent 
and, al though they are en riched in
lithophile el e ments, they are not
all al ka line like the clas sic Coryell 
suite in tru sions. More de tailed
map ping, cou pled with sys tem atic 
sam pling for geo chem is try and
iso to pic dat ing, is needed to con -
firm these re sults, and pos si bly re -
veal even more com pli ca tions,
through out the re gion.
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Fig ure 11. Trace-el e ment dis crim i na tion di a grams for gra nitic in tru sions in the Bound ary Pro ject area, south ern Brit ish Co lum bia, with
fields from Pearce et al. (1984). Ab bre vi a tions: VAG, vol ca nic-arc gran ites; syn-COLG, syn-collisional gran ites; WPG, within-plate gran ites;
ORG, ocean-ridge gran ites. Sym bols as in Fig ure 7.
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Fig ure 12. Chondrite-nor mal ized rare earth el e ment plots for diorites from the Bound ary Pro ject area, south ern Brit ish Co lum bia (nor mal iz -
ing val ues af ter Nakamura, 1974): a) diorites from the McKinney Creek area; 07NMA05-15 is tholeiitic in com po si tion, 07NMA05-16 is
calcalkaline; b) diorites from the Beaverdell area; pink-shaded field is for all Tri as sic to Mid dle Ju ras sic granodiorites, ex cept for the Mount
Baldy stock (Fig ure 13).
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Fig ure 13. Chondrite-nor mal ized rare earth el e ment plots for Tri as sic and Ju ras sic gra nitic rocks in the Bound ary Pro ject area, south ern Brit ish Co lum bia (nor mal iz ing val ues from
Nakamura, 1974): a) Tri as sic West Ket tle batholith; b) Mid dle Ju ras sic Green wood stock (closed red tri an gles) and Mount Baldy stock (red Xs); c) Mid dle Ju ras sic Gidon Creek stock; d)
Late Ju ras sic Myers Creek stock. For com par i son, the pink-shaded field in all di a grams in cludes all Tri as sic to Mid dle Ju ras sic in tru sions ex cept the Mount Baldy stock.
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Fig ure 14. Chondrite-nor mal ized rare earth el e ment plot for rocks in the Bound ary Pro ject area, south ern Brit ish Co -
lum bia: a) Ter tiary gra nitic McKinney Creek stock (solid blue squares) and Beaverdell suite stocks (blue crosses; nor -
mal iz ing val ues af ter Nakamura, 1974); 07NMA28-17 is the alkalic Col lier Creek stock and 07NMA38-01 an un named
stock west of Crouse Creek. b) Early Ju ras sic Ed James Creek bi o tite-feld spar-quartz orthogneiss (red crossed
squares) and un dated, unfoliated leucogranite (blue crossed squares). For com par i son, the pink-shaded field is for the 
Tri as sic to Mid dle Ju ras sic granodiorite, ex cept the Mount Baldy stock (Fig ure 13).
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Boundary Project: Geochemistry of Volcanic Rocks of the Wallace
Formation, Beaverdell Area, South-Central British Columbia

(NTS 082E/06E, 07W, 10W, 11W)

by N.W.D. Massey

KEYWORDS: Quesnellia, Tri as sic, Wallace For ma tion,
Beaverdell, calcalkaline

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
Amer i can bor der (Massey 2006, 2007; Massey and Duffy
2008a). Pre-Ju ras sic rocks in the Beaverdell area were as -
signed by Reinecke (1915) to the ‘Wallace Group’ (sin gle
quo ta tion marks are used to high light the ac tual term used
in the pa per) and cor re lated, in part, with 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 these rocks in the ‘Anarchist Group’.

The pre-Ju ras sic rocks of the Beaverdell area (Fig -
ure 1), how ever, dif fer sig nif i cantly from the type An ar -
chist schist to the south (Massey and Duffy, 2008a). They
are dom i nated by fine- to me dium-grained clastic sed i men -
tary rocks that are es sen tially 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 stratigraphically the low est ex posed
units. Sig nif i cantly, there is no chert de vel oped in the se -
quence. No pen e tra tive de for ma tion was ob served, ex cept
for one small area, to the west of Crouse Creek.

Massey and Duffy (2008a) pro posed to re vert to
Reinecke’s orig i nal ter mi nol ogy of ‘Wallace’ for these
rocks, though at the for ma tion level rather than the group
level. It should be noted, how ever, 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, many
rocks mapped as so-called pyroxene-phyric vol ca nic rocks
in Reinecke’s Wallace are ac tu ally por phyry dikes of Ter -
tiary age, and in one area, east of Col lier Lake, pyroxene-
phyric flows of the Eocene Marron Formation.

No geo chron ol ogi cal or paleontological data are cur -
rently avail able for the Wallace For ma tion rocks and cor re -
la tion is there fore dif fi cult. As stated above, it is litholog -
ically 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–Late Tri as sic Brook lyn For ma tion of the
Green wood area (Fyles, 1990) or the Frank lin Camp,
though lack ing the dis tinc tive basal sharpstone con glom er -
ate, pos si bly due to a lack of ex po sure. The Wallace For ma -
tion is in truded by the West Ket tle batholith, now known to
be of Late Triassic age (Massey et al, 2010).

WALLACE FORMATION

The low est ex posed unit in the Wallace For ma tion is
the Larse Creek lime stone mem ber. 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. Thin
si li ceous and mi nor calcsilicate veins weather with pos i tive 
re lief. Macrofossils are ab sent and cono donts have not been 
recovered to date.

The Crouse Creek greenstone mem ber over lies the
lime stone mem ber. This unit com prises mostly mas sive
mafic flows, though amygdules are not un com mon. The
flows are me dium to dark green-grey, blu ish green or black
in col our. They may show bright green epidosite patches up
to 30 cm across (Fig ure 2a) 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 1–2 mm in size.
Vol ca nic brec cia, lapilli tuff, pyroxene lapilli tuff or chlor -
itic metatuff (Fig ures 2b–d) and mi nor lam i nated lime stone
are found interbedded in the flows. Some vol ca nic brec cias
also con tain lime stone and clastic sediment clasts.

Most of the ex posed Wallace For ma tion is typ i cally
interbedded and lam i nated siltstone and argillite. Siltstone
beds are light buff to pale grey in col our, whereas the
argillite is 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 of ~1–2 mm. The sed i men -
tary rocks are of ten si li ceous or porcelaneous and may be
recrystallized due to hornfels de vel op ment by Tri as sic and
Ju ras sic in tru sions. Oc ca sional white, tan or grey lime stone 
interbeds vary from sev eral centi metres up to five metres
thick. The lime stone is mas sive and may be recrystallized
due to the de vel op ment of hornfels or variable silicification
and skarn.

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 -
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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.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.
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Fig ure 1. Ge ol ogy of the area east of Beaverdell, south-cen tral Brit ish Co lum bia (af ter Massey and Duffy, 2008b). The ex tent of col oured
poly gons shows the limit of the area mapped in 2007.



glom er ate and peb bly sand stone have ma trix-sup ported,
rounded to subangular clasts. The clasts are dom i nantly of
si li ceous siltstone and argillite, but also can in clude lime -
stone. The lat ter are usu ally larger in size. All clasts ap pear
to be intraformational and no ex otic rock types have been
observed.

Fine-grained ba salt is found within the sed i men tary
sec tion, par tic u larly in the area north of Can yon Creek. The
ba salt is aphyric, dark to me dium grey in col our, weath er -
ing light grey to buff with a green ish tinge. Out crops are
mas sive with blocky joint ing and frac tures. Di rect con tacts
were not ob served, and it is un clear if the ba salt forms
interbedded flows or dikes.

GEOCHEMISTRY OF THE VOLCANIC
ROCKS

Four teen sam ples of the Crouse Creek greenstone
mem ber and six ba salt sam ples from the clastic sed i ment
pack age were an a lyzed for whole-rock ma jor, mi nor and

trace el e ments. Re sults are sum ma rized in Ta ble 1. Sam ples 
range in com po si tion from ba salt to an de site and dacite
(Fig ure 3). They show some mo bil ity of al kali el e ments but
gen er ally all pre serve a subalkalic, calcalkaline char ac ter
(Fig ures 3, 4). Mi nor- and trace-el e ment di a grams fur ther
con firm the for ma tion of both suites in an arc en vi ron ment,
though not all di a grams suc cess fully dis crim i nate be tween
calcalkaline and is land-arc tholeiite ba salt (Fig ures 5–8). A
con ti nen tal arc en vi ron ment is sug gested by both ma jor-
and trace-el e ment data (Fig ures 9, 10). Ex tended trace-el e -
ment plots show typ i cal calcalkaline pat terns with the
negative Nb-Ta anomaly characteristic of volcanic arcs
(Fig ure 11).

REGIONAL CORRELATIONS

The calcalkaline, vol ca nic arc char ac ter of the Wallace
For ma tion vol ca nic rocks is com pa ra ble to that of the Tri as -
sic Brook lyn For ma tion (Dostal et al., 2001), but dif fers
dis tinctly from that of the tholeiitic Pa leo zoic Knob Hill
Com plex (Massey, 2008) and An ar chist schist (Massey, un -
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Fig ure 2. The Crouse Creek greenstone mem ber of the Wallace For ma tion, south-cen tral Brit ish Co lum bia: 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).
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SiO2 52.68 52.26 52.54 52.56 52.86 61.37 55.12 59.37 47.16 50.42 53.30

TiO2 0.62 0.64 0.75 0.69 0.61 0.61 0.88 0.50 0.60 0.54 0.62

Al2O3 12.02 19.82 18.91 17.72 11.96 14.93 16.10 16.17 17.57 15.72 17.60

Fe2O3t 9.13 8.02 8.52 9.77 9.14 4.54 8.82 7.01 8.48 9.48 8.61

MnO 0.18 0.22 0.25 0.17 0.18 0.07 0.11 0.10 0.15 0.20 0.14

MgO 10.13 3.34 3.35 4.79 10.13 2.94 5.94 3.62 6.98 6.77 5.50

CaO 10.04 7.52 7.96 8.44 9.90 2.87 6.93 8.42 9.80 12.22 8.53

Na2O 1.80 4.98 4.77 2.42 1.84 3.21 2.70 3.56 2.35 1.99 2.54

K2O 1.42 1.40 0.92 1.04 1.35 3.81 0.69 0.37 0.82 0.53 1.27

P2O5 0.33 0.20 0.24 0.20 0.33 0.29 0.17 0.15 0.18 0.16 0.17

BaO 0.07 0.08 0.02 0.07 0.08 0.20 0.07 0.03 0.08 0.05 0.09

LOI 1.43 1.34 1.43 2.12 1.61 4.89 2.44 0.44 5.43 1.38 1.56

Total 99.85 99.78 99.66 99.99 99.99 99.73 99.97 99.74 99.60 99.46 99.93

Rb 28 49 16 21 27 86 11 �  20 7 27

Sr 367 708 423 372 359 739 290 391 452 390 430

Ba 741 748 233 740 764 1993 684 326 782 451 877

Y 14 15 20 16 14 15 16 12 10 14 13

Zr 70 60 64 51 68 207 92 55 51 52 55

Nb 8 6 8 6 8 23 12 6 8 8 8

V 204 206 224 279 210 98 201 173 235 229 253

Co 42 22 32 33 41 20 39 38 31 38 36

Ni 15 - - 8 13 13 8 74 102 117 45

Cr 749 17 11 33 777 48 65 248 367 404 151

La 6.383 7.440 6.794 12.131 51.696 6.691 5.850

Ce 13.237 16.291 14.909 24.345 94.025 14.425 12.855

Pr 2.004 2.431 2.037 3.204 10.459 1.939 1.697

Nd 10.630 12.562 9.522 13.896 38.931 9.093 7.934

Sm 3.020 3.658 2.614 3.081 6.097 2.048 2.010

Eu 1.113 1.326 0.769 0.963 1.354 0.756 0.674

Gd 3.663 4.782 2.937 3.198 4.476 2.329 2.312

Tb 0.582 0.713 0.471 0.484 0.576 0.392 0.380

Dy 3.833 4.597 3.131 3.037 3.220 2.484 2.436

Ho 0.827 1.072 0.668 0.621 0.598 0.523 0.505

Er 2.596 3.187 1.992 1.821 1.642 1.566 1.571

Tm 0.366 0.449 0.292 0.259 0.224 0.219 0.219

Yb 2.389 3.135 2.008 1.681 1.405 1.593 1.444

Lu 0.365 0.467 0.322 0.260 0.231 0.230 0.223

Hf 2.098 2.645 1.574 2.124 6.191 1.520 1.318

Ta 0.168 0.151 0.158 0.280 0.932 0.143 0.148

Th 0.901 0.990 1.214 2.391 11.435 1.358 1.010

Latitude 49.456604 49.444199 49.444479 49.456109 49.456109 49.454224 49.450260 49.442010 49.440026 49.448959 49.448996

Longitude -118.950777 -118.910477 -118.910440 -118.951612 -118.951612 -118.950781 -118.950608 -118.949914 -118.949570 -118.960509 -118.959758

UTM Zone 11 11 11 11 11 11 11 11 11 11 11

Northing 5480045 5478591 5478622 5479991 5479991 5479780 5479339 5478421 5478200 5479213 5479216

Easting 358629 361515 361518 358567 358567 358622 358623 358650 358669 357902 357957

Crouse Creek Member

Table 1. Whole-rock chemical analyses for Wallace Formation volcanic rocks, south-central British Columbia. Major elements and Rb, Sr, Ba,
Y, Zr, Nb, V, Ni and Cr determined by x-ray fluorescence (XRF; major elements on fused disc, trace elements on pressed-powder pellet) by
Teck (Global Discovery) Labs (Vancouver). Rare earth elements (REE), Th, Ta and Hf determined by peroxide fusion–ICP-MS by Memorial
University of Newfoundland (St. John’s). Dashes indicate element determinations below detection limit; blank values indicate element not
analyzed.
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SiO2 61.48 56.03 59.04 55.14 53.04 55.79 57.43 51.41 51.53 51.13 50.45

TiO2 0.46 0.62 0.52 0.65 0.75 0.81 0.52 0.77 0.68 0.72 0.72

Al2O3 17.76 17.69 18.01 17.81 17.56 16.19 18.04 16.84 19.24 18.46 18.56

Fe2O3t 5.87 7.97 5.66 8.46 8.44 9.46 6.30 8.98 8.08 9.98 8.94

MnO 0.10 0.18 0.14 0.21 0.19 0.09 0.11 0.20 0.18 0.19 0.24

MgO 1.92 3.87 1.86 3.84 3.47 5.06 3.06 5.00 3.25 4.09 3.40

CaO 6.06 6.82 5.29 7.71 7.17 7.42 6.19 8.71 7.86 6.72 9.83

Na2O 3.82 3.99 4.81 3.69 2.75 2.95 4.06 3.80 4.82 4.43 3.05

K2O 0.79 0.77 1.70 0.83 1.32 0.49 2.77 1.34 0.93 1.47 0.90

P2O5 0.20 0.27 0.27 0.27 0.28 0.12 0.34 0.34 0.23 0.29 0.23

BaO 0.08 0.06 0.13 0.05 0.13 0.02 0.16 0.08 0.04 0.10 0.07

LOI 1.31 1.71 2.30 1.04 4.56 1.58 0.80 2.17 2.61 2.15 3.15

Total 99.85 99.98 99.73 99.70 99.66 99.98 99.78 99.64 99.45 99.73 99.54

Rb 17 24 54 20 35 12 53 23 19 32 18

Sr 459 632 462 496 597 279 722 687 729 680 566

Ba 814 553 1299 549 1346 193 1645 781 439 995 743

Y 13 14 14 16 16 18 16 17 19 16 17

Zr 82 86 97 80 81 75 87 57 71 58 61

Nb 9 10 11 10 10 8 7 7 4 8 8

V 112 178 110 199 230 222 194 293 205 276 231

Co 26 27 20 28 26 36 25 26 21 24 23

Ni - - - - - 17 6 15 4 6 4

Cr 24 26 19 19 18 76 24 44 16 28 33

La 12.8245 7.965 7.665

Ce 26.457 16.712 15.885

Pr 3.6315 2.277 2.206

Nd 17.285 10.986 11.444

Sm 3.9535 2.820 3.187

Eu 1.161 1.042 1.074

Gd 3.963 3.986 4.103

Tb 0.616 0.594 0.604

Dy 3.629 3.847 3.878

Ho 0.895 0.873 0.867

Er 2.6485 2.650 2.621

Tm 0.3695 0.393 0.352

Yb 2.3945 2.541 2.543

Lu 0.337 0.375 0.389

Hf 2.071 2.732 2.099

Ta 0.3175 0.403 0.136

Th 1.8165 1.381 1.109

Latitude 49.449362 49.393454 49.390055 49.388879 49.386997 49.479276 49.460473 49.437396 49.437550 49.437930 49.438132

Longitude -118.958177 -118.924602 -118.922569 -118.921878 -118.920446 -119.010463 -118.932273 -118.898797 -118.894089 -118.894896 -118.887550

UTM Zone 11 11 11 11 11 11 11 11 11 11 11

Northing 5479254 5472976 5472594 5472462 5472251 5482679 5480440 5477813 5477822 5477866 5477875

Easting 358072 360347 360485 360532 360630 354371 359981 362342 362684 362627 363160

Aphyric basalt (?) dikesCrouse Creek Member

Table 1. (continued)



pub lished data, 2006–2009). Fur ther, the Late Tri as sic
West Ket tle batholith, which in trudes the Wallace For ma -
tion, has a sim i lar calcalkaline, vol ca nic arc char ac ter and
iden ti cal nor mal ized REE pat terns to Wallace For ma tion
vol ca nic rocks (Massey et al, 2010). This sug gests that the
West Ket tle batholith may, at least in part, be coeval with
the Wallace Formation.

The cor re la tion of the ba salt dikes (?) found within the
clastic sed i men tary rocks of the Wallace For ma tion is still
un cer tain. They are in dis tin guish able from the Crouse
Creek greenstone mem ber in nearly all geo chem i cal di a -
grams and are most likely con tem po ra ne ous and con san -
guin e ous. How ever, if in deed they are in tru sive, they may
be youn ger in age. Com par i son with Mid dle Ju ras sic
diorite of the area shows the lat ter, though sim i larly
calcalkaline (Massey et al., 2010), has steeper REE (Fig -
ure 12) and ex tended trace-el e ment pat terns (Fig ure 11c),
which sug gests they are not con san guin e ous. Sim i lar com -
par i sons can be made with the Early Ju ras sic Elise For ma -
tion (Höy and Dunne, 1997). Cor re la tion with vol ca nic
rocks of the nearby Ter tiary Penticton Group is also
unlikely as the latter are alkalic in character.
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Fig ure 3. To tal al kali el e ments ver sus SiO2 (an hy drous weight per -
cent) plot for Wallace For ma tion vol ca nic rocks, south-cen tral Brit -
ish Co lum bia. Clas si fi ca tion fields and no men cla ture af ter Cox et
al. (1979). The al ka line-subalkaline di vid ing line af ter Irvine and
Baragar (1971). The Crouse Creek greenstone mem ber is in di -
cated by red squares; the aphyric ba salt (dikes?) in clastic sed i -
men tary rocks is in di cated by green tri an gles.

Fig ure 4. AFM di a gram for Wallace For ma tion vol ca nic rocks,
south-cen tral Brit ish Co lum bia, af ter Irvine and Baragar (1971); A
= Na2O + K2O; F = FeOto tal; M = MgO, all as an hy drous weight
percents. Sym bols are as in Fig ure 3.

Fig ure 5. MnO-TiO2-P2O5 (an hy drous weight per cent) dis crim i na -
tion di a gram for Wallace For ma tion vol ca nic rocks, south-cen tral
Brit ish Co lum bia, af ter Mullen (1983). Ab bre vi a tions: Bon,
boninite; CAB, calcalkaline ba salt; IAT, is land-arc tholeiite; MORB, 
mid-ocean-ridge ba salt; OIA, ocean-is land al kali ba salt; OIT,
ocean-is land tholeiite. Sym bols are as in Fig ure 3. Only ba saltic
sam ples with 12<CaO+MgO<20 wt. % are shown.
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Fig ure 6. Trace-el e ment dis crim i na tion di a grams for Wallace For -
ma tion vol ca nic rocks, south-cen tral Brit ish Co lum bia, af ter
Pearce and Cann (1973). Sym bols are as in Fig ure 3. Only ba saltic
sam ples with 12<CaO+MgO<20 wt. % are shown: a) Ti-Zr-Y di a -
gram; A, is land-arc tholeiites; B, mid-ocean ridge bas alts, is land-
arc tholeiites and calcalkaline bas alts; C, calcalkaline bas alts; D,
within-plate bas alts; b) Ti-Zr-Sr di a gram; A, is land-arc tholeiites; B, 
calcalkaline bas alts; C, mid-ocean-ridge bas alts.

Fig ure 7. Zr-Ti dis crim i na tion di a gram for Wallace For ma tion vol -
ca nic rocks, south-cen tral Brit ish Co lum bia, af ter Pearce and Cann 
(1973). A, is land-arc tholeiites; B, mid-ocean ridge bas alts, is land-
arc tholeiites, calcalkaline bas alts; C, calcalkaline bas alts; D,
within-plate bas alts. Sym bols are as in Fig ure 3. Only ba saltic sam -
ples with 12<CaO+MgO<20 wt. % are shown.

Fig ure 8. Th-Hf-Ta dis crim i na tion di a gram for Wallace For ma tion
vol ca nic rocks, south-cen tral Brit ish Co lum bia, af ter Wood (1980).
Ab bre vi a tions: CAB, calcalkaline ba salt; E-MORB, en riched mid-
ocean-ridge bas alts; IAT, is land-arc tholeiite; N-MORB, nor mal
mid-ocean ridge bas alts; WPA, within-plate al kali ba salt; WPT,
within-plate tholeiite. Sym bols are as in Fig ure 3. Only ba saltic
sam ples with 12<CaO+MgO<20 wt. % are shown.
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Fig ure 10. Zr–Zr/Y dis crim i na tion di a gram Wallace For ma tion vol -
ca nic rocks, south-cen tral Brit ish Co lum bia, af ter Pearce (1983).
Fields of con ti nen tal (up per) and oce anic-arc (lower) bas alts sep a -
rated on the ba sis of a Zr/Y value of 3. Field of over lap be tween the
two ba salt types in di cated. Sym bols are as in Fig ure 3. Only ba -
saltic sam ples with 12<CaO+MgO<20 wt. % are shown.

Fig ure 11. Trace-el e ment con cen tra tions nor mal ized to chondrite,
af ter Thomp son (1982), sam ples from south-cen tral Brit ish Co lum -
bia: a) Crouse Creek mem ber vol ca nic rocks; only sam ples with the 
com plete range of de ter mined el e ments are plot ted; the pink
shaded field shows the range for all sam ples ex cept for dacite sam -
ple 07NMA31-04; b) aphyric bas alts (dikes?) in clastic sed i men tary 
rocks; only sam ples with the com plete range of de ter mined el e -
ments are plot ted; the pink shaded field as in a); c) aphyric bas alts
(dikes?) in clastic sed i men tary rocks com pared to Ju ras sic diorite
of the Beaverdell area (pale green shaded field; Massey et al.,
2010).

Fig ure 9. MgO-FeOt-Al2O3 (an hy drous weight per cent) dis crim i -
na tion di a gram for Wallace For ma tion vol ca nic rocks, south-cen -
tral Brit ish Co lum bia, af ter Pearce et al. (1977). 1, spread ing cen -
tre is land; 2, is land-arc and ac tive con ti nen tal mar gin; 3, mid-
ocean-ridge ba salt; 4, ocean is land; 5, con ti nen tal flood bas alts.
Sym bols are as in Fig ure 3. Only sam ples of in ter me di ate com po -
si tion, 51<SiO2<56 wt. %, are plot ted.
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chondrite (af ter Nakamura, 1974): a) Crouse Creek mem ber vol ca -
nic rocks; the pink shaded field shows the range for all sam ples ex -
cept for the dacite sam ple 07NMA31-04; b) aphyric bas alts
(dikes?) in clastic sed i men tary rocks; the pink shaded field as in a); 
c) aphyric bas alts (dikes?) in clastic sed i men tary rocks com pared
to Ju ras sic diorite of the Beaverdell area, pale green shaded field
(Massey et al., 2010).
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Redefining the Southern Nicola Group: Petrographic and Structural
Characterization of the Eastgate-Whipsaw Metamorphic Belt,

Southern British Columbia (NTS 092H/02E)

by S.L. Oliver1, K.A. Hickey1 and J.K. Russell1

KEYWORDS: Nicola Group, Eastgate-Whip saw meta mor -
phic belt, Man ning Park, Prince ton, Quesnel terrane

INTRODUCTION

The Late Tri as sic–Early Ju ras sic Nicola Group in
south-cen tral Brit ish Co lum bia and its north ern con tin u a -
tion, the Takla Group, con sti tute the vol ca nic arc that de -
fines the ex tent of the Quesnel terrane (Fig ure 1). It hosts
eco nom i cally sig nif i cant alkalic por phyry cop per-gold de -
pos its, in clud ing those at Cop per Moun tain, High land Val -
ley, Mount Milligan and Mount Polley. Past geo log i cal
map ping of the Nicola Group by Rice (1947), Preto (1972),
Mortimer (1987) and Mon ger (1989) es tab lished its dis tri -
bu tion and di vided it into three dif fer ing belts. How ever,
the south west erly por tion of the Nicola Group, south of the
town of Prince ton, on the east ern bound ary of Man ning
Park, was not as signed to any of the three ma jor belts, al -
though Mortimer (1987) sug gested it may be a part of the
calcalkaline west ern belt.

Rocks ad ja cent to the Ju ras sic–Cre ta ceous Ea gle
Plutonic com plex, along the mar gin of Man ning Park, dif -
fer sig nif i cantly from other nearby Nicola Group out crops
and have been as signed to the Eastgate–Whip saw meta -
mor phic belt by Massey et al. (2009a). Key dif fer ences be -
tween this area and the sup posed af fil i ated Nicola Group
in clude higher meta mor phic grade in the meta mor phic belt
(up per greenschist to lower am phi bo lite fa cies, com pared
to lower greenschist in typ i cal Nicola), stron ger de for ma -
tion, dif fer ing rock types and the pres ence of sev eral
volcanogenic mas sive sul phide (VMS) de pos its not usu ally 
seen in Nicola rocks (e.g., the Red Star and S and M VMS
prop er ties). There is a no ta ble re sem blance in li thol ogy,
meta mor phism and set ting with the Permo–Tri as sic
Sitlika–Kutcho For ma tion, a known VMS-host ing unit
(e.g., Kutcho Creek), emplaced along the mar gins of the
Quesnel and Cache Creek ter ranes; the Sitlika has been
shown to ex tend south as far as Ashcroft (NTS 092I), only
150 km north west (along strike) of this ‘sus pect’ meta mor -
phic belt. This on go ing MSc pro ject is fo cused on a de tailed 
geo log i cal anal y sis of the poorly doc u mented meta mor phic 
belt; this pa per is re port ing pre lim i nary ob ser va tions on the
pe trog ra phy of the meta mor phic rocks and over all struc ture 
of the belt.

RECENT WORK

Map ping in 2008 fo cused on de ter min ing the bound -
aries and con strain ing the rock types be tween def i nite
Nicola Group ex po sures, units of the meta mor phic belt and
the Eocene Prince ton Group. The meta mor phic belt has
been di vided into three gen eral units (Massey et al., 2009a): 
the east ern am phi bo lite belt, the cen tral quartz ite belt and
the west ern meta vol can ic-metasedimentary belt (Fig ure 2). 
The meta mor phic belt’s bound ing con tacts and the con tacts 
be tween the three compositional belts all strike in a north -
erly di rec tion. A dom i nant fo li a tion, also north erly trending 
and par al lel to the con tacts, has been noted across the belt
strik ing, on av er age, to wards 165° and dip ping in creas ing -
ly steeply to wards its west ern edge. Al though few con tacts
are ex posed, a def i  nite fault  con tact ,  named the
Similkameen Falls fault, was mapped be tween augite-
phyric, mildly to undeformed Nicola Group vol ca nic rocks
and the east ern edge of the meta mor phic belt, mak ing a
lithofacies gra da tion some what less likely, as pre vi ously
be lieved (Rice, 1947; Preto, 1972; Mon ger, 1989). Map -
ping in 2009 helped to fur ther con strain the lim its of the
belt, which abruptly pinches out to the north where it is in -
truded by mus co vite gran ite of the Ea gle Plutonic com plex
(Massey and Ol i ver, 2010).

PETROGRAPHY

Se lect sam ples from the 2008 field sea son were used to
study the pe trog ra phy of the mapped units (Fig ure 2). The
petrographic de scrip tions pre sented here (listed in Ta ble 1)
are dis cussed in or der start ing from west erly sam ples and
mov ing to the east. The sam ples stud ied are cat e go rized ac -
cord ing to the three gen er al ized units within the Eastgate–
Whip saw meta mor phic belts: the am phi bo lite belt, the
quartz ite belt and the meta vol can ic-metasedimentary belt
(Massey et al., 2009a). These sam ple group ings may be
sub ject to re in ter pre ta tion based on sub se quent map ping
and on go ing petrographic and pet ro chem i cal stud ies.

The in tense meta mor phism and de for ma tion ex pe ri -
enced by this belt have over printed any pri mary tex tures
that once ex isted in the rocks. The only pos si ble rel ict tex -
ture noted in the field is the bed ding bound aries be tween
dif fer ing compositional lay ers, which of ten strike sub -
parallel to the dom i nant 165° fo li a tion in the meta mor phic
belt. How ever, this bed ding may not re flect the orig i nal ori -
en ta tion, de pend ing on the ex tent to which the meta mor -
phic and de for ma tion events have mo bi lized and trans -
posed these re la tions. This has yet to be de ter mined.
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Amphibolite Belt

There are sev eral ex am ples of am phi bole-rich rock
types within the Eastgate–Whip saw meta mor phic belt. The 
most con sis tent is a belt of north west-trending rocks, tens
of metres wide, on the wes tern most edge of the meta mor -
phic belt (Fig ure 2), in con tact with the Ea gle Plutonic com -
plex. In out  crop,  the belt  is  com posed of black,
actinolite+epidote-rich schis tose rocks, which oc cur across 
the en tire west ern unit. Be tween the 1–3 cm thick, dark lay -
ers are thin bands (only a few milli metres thick) of white
quartzofeldspathic ma te rial. These two compositionally
vari able lay ers have dis tinct, al though gradational, bound -
aries (Fig ure 3).

The fel sic lay ers are com posed of plagioclase, some
quartz, in ter sti tial cal cite and mi nor actinolite and epidote.
The fine grain size pre cludes the de ter mi na tion of rel a tive
pro por tions of plagioclase to quartz. The dark lay ers con -
sist pre dom i nantly of poikiloblastic euhedral actinolite,
epidote gran ules, anhedral ox ides, mag ne tite, mi nor sec -
ond ary bi o tite as so ci ated with the am phi bole and small
amounts of fine-grained, in ter sti tial feldspathic ma te rial.
Al though the grad ual grad ing in com po si tion be tween the
lay ers may be in dic a tive of a pri mary lithological con trol, a
clear protolith can not be de ter mined since both para- and
ortho-am phi bo lites com monly dis play this banded fea ture
(Ev ans and Leake, 1960). Fur ther study into the vari a tion
of chem i cal trends (Leake, 1964) and the dis tri bu tions, and
con tents, of ma jor and trace el e ments (Shaw and Kudo,
1965) of the am phi bo lite will be un der taken to aid in de ter -
min ing the na ture of the protolith.

AMPHIBOLITE INTERBEDS IN QUARTZITE
UNITS–QUARTZITE BELT CONTACT

Am phi bole-rich interbeds in quartz ite were mapped at
the bound ary be tween the am phi bo lite belt and the quartz -
ite belt (Fig ure 4). It has been noted in the lit er a ture that thin 
bands of am phi bole-rich lay ers are com monly found in
meta mor phosed sed i men tary rocks and are thought to be
as so ci ated with chem i cal re ac tions rather than sim ple
depositional fea tures (Preto, 1970). It is likely that ob ser va -
tions on closed-sys tem metasomatic in flu ences made by
Orville (1969) on sim i lar interbeds do not ap ply here since
no sig nif i cant cal car e ous sed i men tary units were ob served
in the area. Fur ther in ves ti ga tion us ing chem i cal anal y sis
will help to better un der stand their for ma tion.

Quartzite Belt

East of the am phi bo lite belt is a thick pack age of si li -
ceous meta mor phic rocks. The com mon, monomineralic
sam ples are cat e go rized as bi o tite quartz ite (Fig ure 5) and
oc cur in the south west ern sec tion of the quartz ite belt. The
or ange-white sam ples in this area all have a fine-grained,
sug ary tex ture with the mi nor platy bi o tite aligned par al lel
to the re gional fo li a tion. Mov ing away from the south west -
ern cor ner of the quartz ite belt, ei ther in an east erly or
north erly di rec tion, the com po si tion in the quartz ite belt
units be gins to vary. The min er al ogy of the rock units to the
north and east is changed by the ap pear ance of actinolite,
some gar net, ox ides and, on the far-east ern side of the
quartz ite belt, chlorite. The ra tio of si li ceous ma te rial to the
other min eral com po nents de creases to such a de gree that,
on the east ern edge of the quartz ite belt, the rock units are
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Fig ure 1. Lo ca tion of study area, south west ern mar gin of Quesnellia, south ern Brit ish Co lum bia.
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Fig ure 2. Dis tri bu tion of re viewed min eral as sem blages from study area in the Eastgate–Whipshaw meta mor phic belt, south ern Brit ish
Co lum bia. Dot colours: dark pur ple, actinolite+bi o tite+epidote+chlorite schist with mag ne tite porphyroblasts; me dium pur ple, chlorite+ il -
men ite+mag ne tite+ap a tite+clinozoisite quartz-schist with feld spar pheno crysts; light pur ple, chlorite+cal cite+clinozoisite quartz-schist
with mi nor bi o tite or mus co vite and quartz+feld spar pheno crysts; pink, mus co vite+chlorite quartz-schist with quartz pheno crysts; or -
ange, feld spar por phyry with mi nor amounts of micaceous phases; red, fo li ated feld spar/quartz+chlorite+epidote+actinolite+bi o tite
schist with feld spar pheno crysts; yel low, bi o tite quartz ite; banded yel low, quartz ite with am phi bo lite interbeds; green, am phi bo lite. Meta -
mor phic belt ge ol ogy de rived from Massey et al. (2009b): light green, am phi bo lite belt; light brown, quartz ite belt; light blue, meta vol can -
ic-metasedimentary belt. Other units: pink, Ea gle Plutonic com plex; light lime green, Nicola Group; yel low, Prince ton Group.



no lon ger proper quartz ite but quartz-schist. The strike of
the schistosity also var ies slightly in the south east ern cor -
ner of this belt by veer ing away from 165° and strik ing
closer to 190°, this change has been in ter preted as in di cat -
ing the pres ence of a pos si ble fold (Massey et al., 2009a).

More typ i cally in out crop, the com po si tion of the unit
will be con sis tent, chang ing grad u ally over tens of metres,
al though there are some ex am ples of lay ered out crops
where the units will vary slightly in com po si tion over thick -

nesses of 0.5–1 m. How ever, the typ i cal trend in bulk
compositional change is oc cur ring grad u ally over the dis -
tance of the quartz ite belt.

CHLORITE QUARTZ-SCHIST INTERBED

In the north-cen tral sec tion of the quartz ite belt (Fig -
ure 2), the units are still quartz rich and pre dom i nantly ac -
tinolite+bi o tite+mag ne tite bear ing, but also con tain sig nif -
i cant alu mi num-, po tas sium-, cal cium- and iron-bear ing
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Fig ure 3. Thin-sec tion pho to mi cro graph of a mafic layer in am phi -
bo lite grad ing into a more fel sic layer, Eastgate–Whip saw meta -
mor phic belt, south ern Brit ish Co lum bia (field sta tion 08SOL24-01, 
UTM Zone 10, 5445656N, 672513E, NAD 83).

Fig ure 4. Out crop photo of an am phi bo lite interbed in a quartz ite
unit, Eastgate–Whip saw meta mor phic belt, south ern Brit ish Co -
lum bia (field sta tion 08NMA17-06, UTM Zone 10, 5442201N,
675785E, NAD 83).

Table 1. Common rock types in the Eastgate–Whipsaw metamorphic belt, southern British Columbia.



phases. Mov ing to wards the east in the north ern sec tion of
the map area, interbedded units lack ing any po tas sium-
bear ing phases be come in creas ingly abun dant. These thin
(10–20 cm thick) interbeds are equigranular, fine-grained
chlorite+il men ite quartz-schist with mi nor ap a tite+
clinozoisite. They are interlayered be tween actinolite+ bi o -
tite+chlorite quartz-schist (Fig ure 6) and seem to have
sharp con tacts be tween the dif fer ing com po si tions still con -
tain ing po tas sium-bear ing min eral phases.

The lack of po tas sium pos si bly re flects a change to a
more vol ca nic source or, at least, to a re duced sed i men tary
in put. Fur ther to the east, chlorite con tin ues to be a sig nif i -
cant min eral phase in the schist lay ers, along with vari able
amounts of actinolite and bi o tite.

MAFIC SCHIST

Also along the bound ary be tween the quartz ite belt and 
the meta vol can ic-metasedimentary belt (Fig ure 2), there is
a crop ping-out of a few thick beds of mas sive am phi bole-
rich rocks, of ten 5–10 m thick. Their min er al ogy in cludes
actinolite, epidote, il men ite, plagioclase, cal cite and quartz, 
with lineations de fined by the more elon gate min er als. In
thin sec tion, some of the sam ples are tex tur ally and
compositionally sim i lar to the west ern mar gin am phi bo lite, 
as they have lay ers of dif fer ing com po si tion and a sig nif i -
cant quartzofeldspathic com po nent (see Fig ure 3). They are 
also het er o ge neous and con tain thin plagioclase-, quartz-
and cal cite-rich lay ers within more mafic bands rich in
actinolite and epidote. How ever, this mafic schist in hand

sam ple does not ap pear black and schis tose like the am phi -
bo lite to the west, but rather much more grey-green, hard
and mas sive.

Two other out crops of mafic schist along this cen tral
bound ary are more mafic in com po si tion, be ing fine-
grained, mas sive and mostly ho mo ge neous. In or der of
abun dance, it is com posed of actinolite, epidote plagio -
clase, cal cite and quartz. Small, flat planes of chlorite+bi o -
tite clus ters ap prox i mately a few milli metres thick and 10–
15 cm wide are found spo rad i cally in out crop. In both out -
crop and thin sec tion, these units look like typ i cal green -
stones.

Metavolcanic-Metasedimentary Belt

The east ern side of the meta mor phic belt is made up of
a va ri ety of schists of dif fer ing com po si tions (Fig ure 2).
Un like the quartz ite belt, the meta vol can ic-metasediment -
ary belt does not ap pear to have any ob vi ous compositional
trend. The Red Star VMS de posit (067 on Fig ure 2) oc curs
in the north-cen tral area of the belt, where units prox i mal to
the de posit have a fel sic com po si tion. As the out crops be -
come more dis tant from the de posit, in ei ther a south west -
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Fig ure 5. Out crop photo of a bi o tite-quartz ite, Eastgate–Whip saw
meta mor phic belt, south ern Brit ish Co lum bia (field sta tion
09THS02-02, UTM Zone 10, 5441526N, 675973E, NAD 83).

Fig ure 6. Thin-sec tion pho to mi cro graphs of a chlorite+il men ite
quartz-schist unit found be tween units of actinolite+bi o tite+chlorite 
quartz-schist, Eastgate–Whip saw meta mor phic belt, south ern
Brit ish Co lum bia: a) plain-po lar ized light thin sec tion; b) cross-po -
lar ized light thin sec tion (field sta tion 08SOL24-02, UTM Zone 10,
5445666N, 673032E, NAD 83).



erly or south east erly di rec tion, their com po si tions of ten be -
come in creas ingly mafic. The vari a tion in com po si tion
seems to oc cur in clus ters of more fel sic schist sur rounded
by more com mon in ter me di ate to mafic schist. A full de -
scrip tion of each com mon rock type found in this belt is
given be low.

QUARTZ-CHLORITE SCHIST

Sim i larly to the interlayers found in the quartz ite belt, a 
few out crops found in this belt also lack po tas sium, form -
ing quartz+chlorite schist with quartz and plagioclase
porphyroclasts. Some units have no bi o tite or mus co vite at
all, while oth ers have only small amounts (1% or less). The
typ i cal min eral as sem blage for this unit is a chlorite quartz-
schist with mi nor ap a tite, il men ite and clinozoisite. In out -
crop, this unit is a green schist with vis i ble porphyroclasts.
The fine-grained schist ma trix is typ i cally equal parts
chlorite to quartzofeldspathic ma te rial. Two units of this
com po si tion were mapped, one of them in the very north -
east ern edge of the belt, while the sec ond orig i nated di -
rectly in the Red Star show ing it self (067 on Fig ure 2).

In the sam ple from the Red Star show ing, the
porphyroclasts of quartz are recrystallized and the rel ict
shapes of ten ap pear quite round. How ever, the plagioclase
porphyroclasts are fresh-look ing, euhedral laths with sharp
edges. The well-de fined fo li a tion, ex pressed par tic u larly
by chlorite in this unit, wraps around the quartz and
plagioclase porphyroclasts. Their ap pear ance sug gests that
the quartz-eyes and plagioclase laths were pres ent be fore
the de vel op ment of that par tic u lar fo li a tion. Whether the
plagioclase crys tals are def i nitely porphyroclasts or
porphyroblasts will re quire a de tailed study into the spe -
cific chem is try of the feld spars.

FELDSPATHIC UNITS

Feldspathic units are found as thick pack ages prox i mal 
to the Red Star show ing (067 on Fig ure 2) on the north east -
ern side of the study area (red and pink dots on Fig ure 2). In
out crop, the units are light in col our, of ten white or a light
pink with mi nor green si li ceous bands. They ei ther have
very thin planes (less than 0.5 mm thick) of bi o tite, mus co -
vite and chlorite de fin ing the fo li a tion or lack micaceous
lay ers and a pen e tra tive fo li a tion, only show ing align ment
in mi nor amounts of platy min er als. The ma trix is fine
grained to very fine grained and even though dy namic
recrystallization has af fected the tex ture, the dif fer ing grain 
sizes is likely due to a pri mary grain-size in flu ence. The
finer grained units have un der gone more al ter ation, since
the plagioclase porphyroclasts and the ma trix are more
sericitized. Grain bound ary mi gra tion can of ten be noted in
the ma trix, while some are so fine grained that they be come
mylonitic. All of the units have rel a tively large (3–4 mm)
porphyroclasts of plagioclase (3–5% of rock) that are
rounded and man tled by bi o tite, chlorite and recrystallized
quartzofeldspathic ma te rial (Fig ure 7). The plagioclase
porphyroclasts have un der gone some form of de for ma tion
since they have de vel oped subgrain bound aries. There are
also oc ca sional rel ict quartz porphyroclasts (1% of rock)
that are now coarsely recrystallized. Cumulophyric clus ters 
of feld spar, anhedral ox ides, cal cite and bi o tite, on the or der 
of 3–4 mm in width, are also com monly found (Fig ure 7).

QUARTZ+FELDSPAR+CHLORITE+EPIDOTE 
SCHIST

This unit is a more mafic ver sion of the feldspathic
units de scribed above. Dy nam i cally recrystallized, blue
quartz porphyroclasts and brittlely de formed, plagioclase
porphyroclasts, with red ox ide in cracks, are found in a ma -
trix of fine-grained recrystallized plagioclase, quartz,
chlorite, epidote and some bi o tite (Fig ure 8). Bi o tite is usu -
ally lo cated on the outer edge of the plagioclase porphyro -
clasts and is of ten be ing re placed by chlorite. The feld spars
have de vel oped microfaults, and ac tu ally have sec tions
bro ken off and pulled apart; the sub se quent cracks are filled 
with ox ides and give the plagioclase crys tals an or ange-
pink ap pear ance. A fab ric is ap par ent in this rock due to
min eral align ment, but this unit does not tend to break on
even planes.

MUSCOVITE+CHLORITE QUARTZ-SCHIST

Some schist in the vol ca nic pack age has a more fel sic
com po si tion and forms mus co vite+chlorite quartz-schist
with no ta ble blue-hued quartz-eye porphyroclasts.
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Fig ure 7. Thin-sec tion pho to mi cro graphs of a feldspathic unit in
the meta vol can ic-metasedimentary belt of the Eastlake–Whip saw
meta mor phic belt, south ern Brit ish Co lum bia: a) plain-po lar ized
light thin sec tion show ing porphyroclasts and cumulophyric clus -
ters; b) cross-po lar ized light thin sec tion (field sta tion 08NMA21-
01, UTM Zone 10, 5447289N, 675398E, NAD 83).



Us ing the min er al ogy and pres ence of feld spar por -
phyroclasts as ev i dence, the east ern side of the meta mor -
phic belt ap pears to be com posed of vol ca nic or
volcaniclastic rocks with vary ing amounts of clastic in put.
The ma jor ity of the schist con tains a sig nif i cant amount of
feldspathic ma te rial (55–70% in the ma trix). The unit’s ma -
trix has un der gone sig nif i cant dy namic recrystallization,
judg ing by the grain sizes and tex tures on the grain bound -
aries. Finer grain sizes, com bined with the grain bound ary
recrystallization tex tures, sug gest that some sam ples are
per haps mylonitic. It is dif fi cult to tell based solely on this
grain size as it may be re flect ing the pri mary grain size of
the protolith rather than just how ex ten sive recrystalliza-
tion may have been.

ALTERATION

There has also been ir reg u lar al ter ation oc cur ring in cer -
tain ar eas of the belt, as shown by sericitized feld spar
porphyroclasts 7 m away from a sim i lar out crop with rel a -
tively fresh feld spar. Ex ten sive vein ing does oc cur in clus -
ters prox i mal to known show ings, for ex am ple Red Star and 
Knobb Hill (067 and 069 re spec tively on Fig ure 2), with as -
so ci ated ox i di za tion. Al ter ation is also noted near the fault

in the form of sericitization and sec ond ary cal cite as so ci -
ated with cal cite vein ing, and near the Red Star show ing in
the form of sericitization and ox i di za tion.

STRUCTURE

As well as the dom i nant north west-trending fo li a tion
noted through out the belt, a sec ond ary schistosity was ob -
served in some out crops (Fig ure 9a). The strikes ap pear to
be sim i lar in the field, with the weaker fo li a tion hav ing a
slightly steeper dip. Mov ing east to west across the meta -
mor phic belt, the dip of the pri mary fo li a tion tends to
steepen. Ob ser va tion of thin sec tions con sis tently re veals
both foliations in sam ples. Crenulation cleav age is pres ent
in many schists with ad e quate mica and/or chlorite (Fig -
ure 9b). In the more fel sic micaceous schist, the dom i nant
schistosity con sists mostly of mus co vite while the weaker,
older schistosity is as so ci ated with chlorite and mus co vite.
The more mafic schist com monly dis plays two lineations
through two ori en ta tions of actinolite nee dles, one over -
print ing the other. An other phase of actinolite also oc curs
which cuts across the foliations. These actinolite nee dles
have grown at a later stage and have not been af fected by
any de for ma tion likely to have caused them to align.
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Fig ure 8. Thin-sec tion pho to mi cro graphs of a quartz+ feld -
spar+chlorite+epidote schist with sericit ized plagioclase
porphyroclasts from the Eastlake–Whip saw meta mor phic belt,
south ern Brit ish Co lum bia: a) plain-po lar ized light thin sec tion;
b) cross-po lar ized light thin sec tion (field sta tion 08SOL23-04,
UTM Zone 10, 5446993N, 674351E, NAD 83).

Fig ure 9. Struc tural fea tures of the Eastlake–Whip saw meta mor -
phic belt, south ern Brit ish Co lum bia: a) out crop photo of acutely in -
ter sect ing schistosities in mus co vite quartz ite (field sta tion
09THS03-01, UTM Zone10, 5444706N, 676242E, NAD 83);
b) thin-sec tion pho to mi cro graph of a crenulation cleav age in a
chlorite quartz-schist (field sta tion 08SOL24-02, UTM Zone 10,
5445666N, 673032E, NAD 83).



Many sam ples rich in quartz have un der gone grain re -
duc tion due to grain bound ary mi gra tion. Even larger rel ict
quartz porphyroclasts will have recrystallized into sev eral
smaller grains, blur ring or re mov ing any pri mary tex tures.
Plagioclase porphyroclasts of ten have mi nor strain shad -
ows on their edges, but have not formed new grains within
their orig i nal mar gins. How ever, they do have some de for -
ma tion tex tures in the form of subgrain bound ary ro ta tion
and some times microfaults, form ing dom ino-type frag -
ments (for fur ther read ing on dom ino-type frag ments, see
Passchier and Trouw, 2005). Some times the porphyroclasts 
are slightly rect an gu lar and oc cur obliquely to the di rec tion
in which the fo li a tion is aligned, caus ing the man tled min -
er als to de velop what ap pears to be op po site shear senses
(Fig ure 10).

Finer grained ma trix ma te rial in cludes quartz and feld -
spar that have un der gone recrystallization, which causes
the two min er als not only to be fine grained, but also sim i lar 
in ap pear ance and dif fi cult to dis tin guish from one an other.
The rock types con tain ing higher amounts of grain-size re -
duc tion are con sis tently the rock types with the high est ra -
tio of feldspathic ma te rial in them.

There has been some brit tle fail ure noted in a chlorite
quartz-schist sam ple col lected on High way 3, in a lo ca tion
ad ja cent to the Similkameen Falls fault. In thin sec tion, the
sam ple has a milled tex ture, with all grains, in clud ing
porphyroclasts, be ing well-rounded and quite small. The
fine-grained ma trix has cal cite vein ing, higher amounts of
in ter sti tial cal cite and sig nif i cant anhedral ox ide ma te rial.
It seems likely that move ment on the fault is mill ing ma te -
rial in the schist, break ing down the softer mica. The fault
could also be act ing as a con duit for car bon ate-bear ing flu -
ids, al ter ing and vein ing the wallrock.

A third de for ma tion struc ture, as yet only ob served in
the field, is vis i ble in cer tain rock types, in par tic u lar a
metachert (UTM Zone 10, 5447048N, 674136E, NAD 83).
The fold it self is an open fold that main tains con stant bed
thick ness through out the bend. Striations are seen on the
micaceous lay ers, in di cat ing move ment sim i lar to a deck of
cards. This style of fold ing is char ac ter is tic of the brit tle re -
gime and is thus much dif fer ent from the other types of

strain dis cussed above, which have all been duc tile; this
fold ing style has only been noted in two lo ca tions, which
may mean it is only a lo cal ized event.

Stereonet Projections

Upon plot ting all avail able struc tural data mea sured in
the study area, sev eral sig nif i cant facts can be noted. All
foliations and schistosities sit in a sin gle, mod er ately de -
fined clus ter (Fig ure 11a). In out crop, there is ev i dence for
two foliations that are fur ther proven through thin sec tion
study, show ing ev i dence of crenulation cleav ages and two
di rec tions of align ment in elon gate min er als. How ever,
upon first in spec tion, there is no ob vi ous dis tinc tion be -
tween the pos si ble two foliations in the scat ter of poles.
Since the two foliations strike in sim i lar di rec tions and dif -
fer in dip di rec tion mostly, the two clus ters would likely
over lap, which would make it dif fi cult to ex trap o late one
from the other. It is worth not ing that by us ing a sta tis ti cal
den sity con tour ing anal y sis on the many pole mea sure -
ments plot ted, two sep a rate clouds are crudely drawn (Fig -
ure 11b). In or der to truly de ter mine where the sep a ra tion
be tween the clus ters lies on the stereonet pro jec tion, many
more data points would have to be ob tained. The two sets of 
di a monds (pur ple and green) are from two sep a rate out -
crops where both schistosities were mea sur able. Both out -
crops have the stron ger schistosity de fined by mus co vite
and dip more steeply (69–90°). The weaker schistosity was
shal lower for both (35–38°) and de fined by chlorite and
mus co vite. The green di a monds both cor re late well with
the sta tis ti cal clus ters, each one re lat ing to one of the two
clus ters. The two pur ple di a monds, how ever do not cor re -
late as closely; one pur ple di a mond does plot within the
den sity clus ter, while the other lies just out side of the per -
im e ter (Fig ure 11b). The lineations align well on a plane,
but with out know ing what sur face the lineations were mea -
sured on, the two ap par ent clus ters are not eas ily ex plained.
The bed ding ori en ta tions sit par al lel to the foliations, sug -
gest ing that a form of trans po si tion has oc curred. Since few
of the units seem to have pre served the de for ma tion tex -
tures well, fur ther study into micro struc tures must be un -
der taken. Mi nor units have been sam pled, which are high in 
graph ite and have pre served all stages of microfolds well.
Thin sec tions of such sam ples were not pre pared in time for
this pub li ca tion, but will be added to the data in the fu ture. It 
is def i nitely sig nif i cant to note that all the mea sure ments do
lie on the same strike planes.

SUMMARY

In or der to com pare vari a tion in the meta mor phic
grade across the Eastgate–Whip saw meta mor phic belt, the
min er al ogy of the more mafic units was an a lyzed to de ter -
mine what min eral as sem blage is sta ble. Ac cord ing to
Spear (1993), the di ag nos tic greenschist as sem blage is
made up of chlorite+al bite+zoisite+actinolite+quartz+ car -
bon ate+ti tan ite, while the di ag nos tic am phi bo lite as sem -
blage is made up of hornblende+plagioclase±quartz± il -
men ite. The meta mor phic min er al ogy ob served in sam ples
across the belt is gen er ally con sis tent with the epidote–
actinolite grade. A more de tailed study will be un der taken
us ing the scan ning elec tron mi cro scope to better un der -
stand the vari a tions in the solid so lu tions and link those
com po si tions to more spe cific pres sures and tem per a tures.
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Fig ure 10. Thin-sec tion pho to mi cro graph of a man tled rel ict
porphyroclasts show ing shear tex tures in an actinolite+chlorite+
feld spar/quartz+bi o tite schist, Eastlake–Whip saw meta mor phic
belt, south ern Brit ish Co lum bia (field sta tion 08SOL22-04, UTM
Zone 10, 5446268N, 676013E, NAD 83).
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Fig ure 11. Stereonet pro jec tions of struc tural data from the Eastgate–Whip saw meta mor phic belt, south ern Brit ish Co lum bia: a) all struc -
tural data: black dot, pole to fo li a tion/schistosity; empty green squares, pole to bed ding; red tri an gle, lineation; b) sta tis ti cal con tour ing: blue 
con tours, 1% den sity con tours; empty blue squares, pole to bed ding; red tri an gle, av er age pole to fo li a tion/schistosity; empty black cir cle,
cleav age; red square and great cir cle, av er age great cir cle and pole of lineation; black great cir cle, plane to av er age fo li a tion/schistosity
pole; green and pur ple di a monds, two schistosities mea sured at same out crop (field sta tion 08SOL11-03, UTM Zone 10, 5446508N,
675562E, NAD 83 and field sta tion 08SOL11-10, UTM Zone 10, 5446401N, 675934E, NAD 83).



The main compositional trend is noted in the quartz ite
belt. This trend goes from west to east and un der goes an ad -
di tion of cal cium and a de crease in po tas sium in the min eral 
phases.

The belt has un der gone at least three dif fer ent stages of
de for ma tion, cul mi nat ing in crenulated cleav ages and then
even-lay ered fold ing, which must have oc curred at shal low
depths later in the de for ma tion his tory since it over prints
the foliations.
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Age of Mineralization and ‘Mine Dykes’ at Copper Mountain Alkaline
Copper-Gold-Silver Porphyry Deposit (NTS 092H/07),

South-Central British Columbia

by M.G. Mihalynuk, J. Logan, R.M. Friedman1 and V.A. Preto2

KEYWORDS: Cop per Moun tain, alkalic por phyry, Cu-Au-
Ag de posit, min er al iza tion, al ter ation, geo chron ol ogy, iso -
to pic age, U-Pb zir con, U-Pb ti tan ite, 40Ar/39Ar, Quesnel
Arc

INTRODUCTION

Un der ground mass min ing tech niques have en abled
prof it able ex trac tion of the deep por tions of por phyry de -
pos its at minesites world wide. Of ten con sid ered a rel a -
tively new in no va tion, block cav ing was orig i nally de vel -
oped for cop per min ing in Utah in 1906 (Barger and Schurr, 
1944). Ex am ples of block cave min ing of cop per por phyry
de pos its in clude the re cently de com mis sioned San Manuel
Cu mine in Ar i zona, and the cur rently ac tive alkalic Cu-Au-
Ag Ridgeway de posit in New South Wales, Aus tra lia. Prof -
it able un der ground min ing of large ton nage, low-grade de -
pos its com bined with the re cent strength in metal com mod -
ity prices has prompted deep ex plo ra tion of por phyry
de pos its in Brit ish Co lum bia, es pe cially within the pro lific
Quesnel terrane (Fig ure 1). For ex am ple, in the Iron Mask
batholith near Kamloops, New Gold Inc. has out lined
44.4 mil lion tonnes at a grade of 0.98% Cu, 0.72 g/t Au and
2.27 g/t Ag (New Gold Inc., 2007) be neath the for mer
Afton pit and has started de vel op ment. Cop per Moun tain
Min ing Cor po ra tion has sim i larly dem on strated the po ten -
tial for subsurface ex ten sions to min er al iza tion that was ex -
tracted from open pits at Copper Mountain, about 15 km
south of Princeton, in south-central BC (Figure 2).

In 2009, the com pany re ported a re source of 470.8 mil -
lion tonnes grad ing 0.311% Cu (0.15% Cu cut-off;
O’Rourke, 2008) ad ja cent to, and be neath, the pro posed
‘super pit’ (Fig ure 3; Holbek, 2009). Cur rent plans are to
ex tract 211.2 mil lion tonnes at 0.361% Cu from the super
pit (Chance et al., 2009). This re source of more than 1 bil -
lion ki lo grams Cu adds sig nif i cantly to his tor i cal pro duc -
tion be tween 1908 and 1996 of ~650 mil lion ki lo grams of
Cu, nearly 16 mil lion grams Au and over 648 mil lion grams
Ag (BC Geo log i cal Sur vey, 2009; MINFILE 092HSE001). 
In ad di tion, largely un tested magnetotelluric tar gets ex tend 1000 m be low the low est planned super pit levels (Holbek,

2007, 2009).

Large cap i tal ex pen di tures are re quired for deep ex plo -
ra tion and de vel op ment, so a clear and ac cu rate ex plo ra tion 
model is par tic u larly de sir able. To this end, we ini ti ated a
geo chron ol ogi cal in ves ti ga tion of the min er al iz ing sys tem
at Cop per Moun tain in 2006. Our prin ci pal ob jec tive was to 
test the as ser tion that min er al iza tion at Cop per Moun tain
was co eval with the em place ment of the Lost Horse In tru -
sions of the Cop per Moun tain in tru sive suite (e.g., Fig ure 4; 
Preto, 1972). How ever, ex ist ing geochronometric de ter mi -
na tions place the age of min er al iza tion in the Early Ju ras sic

Geo log i cal Field work 2009, Pa per 2010-1 163

1Pa cific Cen tre for Iso to pic and Geo chem i cal Re search, The
Uni ver sity of Brit ish Co lum bia, Van cou ver, BC
2Preto Geological Inc., Sooke, BC

This publication is also available, free of charge, as colour
digital files in Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCata
logue/Fieldwork/Pages/default.aspx.

Fig ure 1. Lo ca tion of the Cop per Moun tain area south of Prince -
ton, south-cen tral Brit ish Co lum bia. The area cov ered by Fig ure 2
is shown on top of the south ern part of the Prince ton town sym bol.

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx


(192 ±16 Ma and 198 ±14 Ma; Breitsprecher and Morten -
sen, 2004; re cal cu lated from Preto, 1972 and Farquharson
and Stipp, 1969, re spec tively), while the best crys tal li za -
tion age data on phases of the min er al ized Cop per Moun -
tain suite in tru sive rocks place them in the Late Tri as sic
(Fig ure 4; Mortensen et al., 1995; 202.7 +4.4/–0.5 Ma,
200.3 ±2.1 Ma and 204 ±6 Ma). Based on these data, and in
con sid er ation of their full er ror lim its, be tween –14 and
33 m.y. (me dian, 7 m.y.) elapsed be tween in tru sion and
min er al iza tion of the Cop per Moun tain stock. Even with -
out con sid er ing er ror en ve lopes, the means of these
datasets sug gest that 7 m.y. elapsed, which is far greater
than is typ i cal for the main min er al iz ing event in porphyry
deposits (McInnis et al., 2005) and raises the question of a
separate, younger mineralizing intrusion.

Geochronometric data from var i ous work ers have
been com bined to gether with new data as part of an in ves ti -
ga tion of Me so zoic cop per por phyry de pos its in BC un der
the di rec tion of J. Lo gan (Lo gan and Mihalynuk, 2005a, b;
Lo gan and Bath, 2006; Lo gan et al., 2007). This work has
shown that in creased geochronometric pre ci sion on in tru -
sive and min er al iz ing events re veals them to be co eval,
within the res o lu tion of the geochronometric tech nique ap -
plied. Ad di tion ally, the new data show that, with a few no -
ta ble ex cep tions, all alkalic cop per por phyry de pos its in the 
Ca na dian Cor dil lera are part of a met al lo gen ic ep och in the
lat est Tri as sic (to gether with nu mer ous calcalkalic de pos -
its, such as High land Val ley; e.g., Ash et al., 2007). Herein
we af firm both the ad di tion of the Cop per Moun tain alkalic
por phyry to this ep och and the orig i nal as ser tion of Preto
(1972), that in tru sion and mineralizing events are es sen -
tially synchronous at Copper Mountain.

LOCATION AND GEOLOGICAL SETTING

Cop per Moun tain is lo cated within the Quesnel Arc
(Fig ure 1), a crustal terrane that accreted to an ces tral North
Amer ica (ANA) or a crustal rib bon that lay ad ja cent to
ANA in Early Ju ras sic time (ca. 186 Ma; Nixon et al.,
1993). Subduction of an cient Pa cific Ocean crust to form
the proto-Quesnel and con joined Stikine arcs is be lieved to
have be gun in the De vo nian (e.g., Brown et al., 1996;
Mihalynuk, 1999; Lo gan and Koyanagi, 2000). Arc growth 
con tin ued spo rad i cally with a sig nif i cant pulse in the Late
Tri as sic. Near the end of this mag matic pulse, a pro lific
met al lo gen ic event is man i fest as a chain of alkalic Cu–
Au±Ag–Mo por phyry de pos its along the arc axes. In tru -
sions al lied with min er al iza tion at Cop per Moun tain were
rec og nized by Preto (1972, 1979) as part of this well-
endowed magmatic suite.

Min er al iza tion at Cop per Moun tain is mainly fo cused
at the mar gins and be tween the polyphase Cop per Moun -
tain stock (to the south) and the Lost Horse In tru sions (to
the north). In ter ven ing coun try rocks that host the bulk of
the min er al iza tion lo cally dis play protolith tex tures of
andesitic to ba saltic lapilli tuff and brec cia be long ing to the
Late Tri as sic Nicola Group. In tense hy dro ther mal al ter -
ation of these rocks gen er ally dis plays the fol low ing petro -
gen esis:

1) bi o tite flood ing

2) ex ten sive al bite-epidote metasomatism

3) K-feld spar and scapolite vein ing
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Fig ure 2. Re gional geo log i cal map of the Cop per Moun tain 
area, south-cen tral Brit ish Co lum bia, in cor po rat ing map -
ping by Preto (1972) and com pi la tions by Preto et al.
(2004) and Massey et al. (2005).



SAMPLES FOR AGE
DETERMINATION

Four sam ples were se lected for iso to pic age
de ter mi na tion. Two sam ples from min er al ized
veins that con tain me dium-grained crys tals of ti -
tan ite were col lected for U-Pb de ter mi na tion. Be -
cause of the rel a tively high clo sure tem per a ture
for lead dif fu sion in ti tan ite at 660–700oC (Scott
and St-Onge, 1995), rel a tively straight for ward
iso to pic age de ter mi na tions were an tic i pated
from the min er al iza tion in these two vein sam ples. 
In ad di tion, coarse-grained euhedral bi o tite was
ex tracted from an ar chi val spec i men of mu seum-
qual ity mas sive bornite-chal co py rite-bi o tite from 
the Big Lead to pro vide a 40Ar/39Ar cool ing age on 
mineralization from a spectacular ‘glory hole’
(now mined out).

The fourth sam ple, a rel a tively un al tered rep -
re sen ta tive sam ple of the ‘Mine Dyke’ swarm
(Fig ures 3, 5), was col lected to date the late, cross -
cut ting in tru sions. We are not aware of any pub -
lished crys tal li za tion age for the ‘Mine Dyke’
swarm; ex ist ing ages are cool ing ages, mainly K-
Ar and fis sion-track determinations.

Titanite-Bearing Veins

Ti tan i te  oc curs in dom i  nantly south-
trending, pla nar sets of K-feld spar veins. Vein
min er al ogy in cludes coarse, chloritized bi o tite,
mal a chite-stained bornite and chal co py rite,
epidote and ti tan ite (Fig ure 6). White al ter ation
en ve lopes are in ter preted as al bite; no bladed
scapolite was ob served.

These veins were sam pled at the mar gin of
the Cop per Moun tain stock (MMI06-32-5) along
the haul road south of Pit 1 (Fig ure 3) and mid way
be tween the Cop per Moun tain stock and the main
body of Lost Horse In tru sions, on the north rim of
Pit 2 (MMI06-32-3). They prob a bly be long to the
‘ore frac tures’ re ported by Preto (1972). Where
the veins of peg ma titic bi o tite–K-feld spar–cop -
per sulphides, called ‘ore frac tures’, thick ened to
30 cm or more, they were his tor i cally ex ploited by 
min ers from glory holes. One es pe cially rich
glory hole, known as the Big Lead, was lo cated in
what is now the central part of Pit 3.

Big Lead Massive Bornite-Biotite

Mas sive bornite–chal co py rite–bi o tite±K-feld spar of
the Big Lead was sam pled by V.A. Preto in 1969. The sam -
ple was taken from the sub si dence area over shal low stopes
and glory holes, which was lo cated near what is now the
mid dle of Pit 3 (see Plate XIII in Preto [1972] for a his tor i -
cal per spec tive). This ar chi val sam ple con tains beau ti ful,
euhedral book lets of coarse, vit re ous bi o tite within mas sive 
cop per sul phide. Such tex tural equi lib rium sug gests si mul -
ta neous growth of the idiomorphic bi o tite crys tals and chal -
co py rite from a mag matic-hy dro ther mal fluid. Idiomorphic 
bi o tite en closed in bornite is re ported at other high-grade
por phyry de pos its such as Grasberg, where they are in ter -
preted as coarse-grained replacements of mafic pheno -
crysts (Pollard et al., 2005).

‘Mine Dyke’ Swarm

The ‘Mine Dykes’ are white to yel low-or ange weath er -
ing, blocky to flaggy and rel a tively re ces sive (Fig ure 5).
They dip steeply and anastomose, gen er ally con form ing to
a strong north-north east trend with a few or thogo nal ex cep -
tions (Fig ures 2, 3. 5). Preto (1972) re ported their
composit ional range as trachyte to rhy o lite. Me dium-
grained, grey quartz eyes are con spic u ous (7%), and
coarse-grained prob a ble K-feld spar relicts are re placed by
greasy green clay. Ma trix ma te rial is a bleached, fine-
grained aplite with ~1% mag ne tite and traces of py rite. In
gen eral, the dikes are strongly clay- and car bon ate-al tered
and only ghosts of former feldspar phenocrysts remain.
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Fig ure 3. Lo ca tions of geo chron ol ogi cal sam ples col lected as part of this
study (large sym bols) and those col lected pre vi ously by other au thors (smaller
sym bols) as re ported in the da ta base com piled by Breitsprecher and
Mortensen (2004), Cop per Moun tain area, south-cen tral Brit ish Co lum bia.
Geo log i cal con tacts and un der ly ing im ag ery are adapted from Preto et al.
(2004). The pro posed ‘super pit’ out line is from Chance et al. (2009). Val ues on 
the map are in Ma.



U-PB GEOCHRONOLOGY METHODS

Sam ple prep a ra tion and an a lyt i cal work for both the U-
Pb and the 40Ar/39Ar iso to pic ages pre sented herein 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.

Ti tan ite was hand picked from sam ples MMI06-32-3
and 32-5. Picked sam ples were mi cro scop i cally eval u ated
to en sure pu rity (Fig ure 7). Pink, brown and green ish grain
frag ments of mod er ate clar ity were se lected for anal y sis.
Ti tan ite sam ple aliquots an a lyzed are shown in Fig ure 7.
Ura nium-lead iso to pic age de ter mi na tions were ob tained
by ther mal ion iza tion mass spec tros copy (U-Pb ID-TIMS)
with re sults listed in Table 1 and plotted in Figure 8.

Zir con was sep a rated from the ‘Mine Dyke’ sam ple
MMI06-32-4 us ing stan dard min eral sep a ra tion tech niques 
(crush ing, grind ing, Wilfley wet shaker ta ble, heavy liq uids 
and mag netic sep a ra tion), fol lowed by hand pick ing. Air-
abraded sin gle zir con grains were an a lyzed (Fig ure 7). Ura -
nium-lead iso to pic age de ter mi na tions were ob tained by U-
Pb ID-TIMS with re sults listed in Ta ble 2 and plot ted in
Fig ure 9. De tails of both the min eral sep a ra tion and an a lyt i -
cal tech niques are pre sented in Lo gan et al. (2007).

U-PB GEOCHRONOLOGY RESULTS

All data over lap con cordia at the 2s con fi dence level
and quoted ages are based on Lud wig con cordia in ter pre ta -
tions (Fig ures 8, 9) for all three sam ples (Ta bles 1, 2). The
two min er al ized vein sam ples that con tain ti tan ite were an -
a lyzed in three (MMI06-32-3) or four (MMI06-32-5) frac -
tions. An a lyt i cal re sults from the frac tions can be in ter -
preted in two ways. If the data from the two widely
sep a rated cop per sul phide–epidote–K-feld spar-ti tan ite
veins are part of the same min er al iz ing event, then the data
may be con sid ered col lec tively, in which case a pooled con -
cordia age for the two dated ti tan ite sam ples yields 201.6
±0.6 Ma (mean square of weighted de vi ates [MSWD] =
1.16, prob a bil ity = 0.28). How ever, we pre fer the more con -
ser va tive ap proach, and con sider the age of the min er al iz -
ing event as some time(s) be tween the 2s error envelopes of 
200.2–202.5 Ma.

Four sin gle zir con frac tions were an a lyzed from the
‘Mine Dyke’ sam ple. Er ror en ve lopes for the in di vid ual
anal y ses mu tu ally over lap on con cordia. To gether they pro -
vid ing a tight age de ter mi na tion of 102.85 ±0.25 Ma, with a
MSWD of 1.8 and prob a bil ity of con cor dance of 0.18 (Fig -
ure 9). We rec om mend us ing a slightly more con ser va tive
best age of 103 ±0.3 Ma.

40
AR/

39
AR COOLING AGE

The 40Ar/39Ar iso to pic age de ter mi na tions were ob -
tained by the la ser-in duced step-heat ing tech nique. De tails
of the an a lyt i cal tech niques are pre sented in Lo gan et al.
(2007). Gas mea sure ments ob tained dur ing each of the
heat ing steps are pre sented in Ta ble 3. Con sid er ation of the
en tire re lease spec trum pro duces a to tal re lease in te grated
age of 192.98 ±0.95 Ma (Ta ble 3), which is not geo log i cally 
mean ing ful. Low-tem per a ture steps should be re jected
(Fig ure 10) be cause loosely bound ar gon has been par tially
lost. A re sul tant, ro bust pla teau pro duced by the higher-
tem per a ture steps 8 through 14 rep re sents 71.8% of the

39Ar re leased. This pla teau pro vides the best in ter preted age 
of 205.5 ±1.1 Ma (1s, in clud ing J-er ror of 0.5%). The
MSWD for this de ter mi na tion is 0.29, with a prob a bil ity of
0.94. Ini tial 40Ar/36Ar is 277.6, lower than the at mo spheric
value of 295.5.

DISCUSSION OF AGE
DETERMINATIONS

Ex ten sive in tru sion of the Cop per Moun tain area by
the swarm of ‘Mine Dykes’ has re set the iso to pic sys tems
with low clo sure tem per a tures. For ex am ple, fis sion-track
cool ing ages for the Lost Horse In tru sions and dikes are re -
ported by Chris to pher (1973) as rang ing from 100 to
127 Ma (with un cer tain ties on the or der of ±25 Ma—see
Fig ure 3 for spe cific ex am ples). These dates re flect the an -
neal ing of ap a tite within the Late Tri as sic in tru sions where
they are in ter sected by the dike swarm. The U-Pb age re -
ported herein, 102.9 ± 0.3 Ma, is the first crys tal li za tion age 
from the ‘Mine Dyke’ swarm, and is con cor dant with the
fis sion track ages. It is iden ti cal, within er ror, to the age of
the Verde Creek quartz monzonite, which is dated by K-Ar
bi o tite as 100 ±8 Ma and 102 ±8 Ma (Breitsprecher and
Mortensen, 2004; re cal cu lated from Preto, 1972 as 98
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Fig ure 4. Geo log i cal timeline show ing age de ter mi na tions from
the min er al iz ing sys tem at Cop per Moun tain, south-cen tral Brit ish
Co lum bia. Tri as sic-Ju ras sic bound aries from time scales dis -
cussed in the text are H = Harland et al. (1982), J = Pálfy et al.
(2000) and K = Kulp (1961). Ab bre vi a tions: H, Hettangian; P,
Pliensbachian; R, Rhaetian; S, Sinemurian; T, Toarcian. Time
scale is from Okulitch (2002), which in cor po rates the Ju ras sic time
scale of Pálfy et al. (2000).



±4 Ma and 101 ±4 Ma).The ‘Mine Dykes’, how ever, are ob -
served to cut the Verde Creek pluton (Preto, 1972) and
must, at least lo cally, be youn ger. In ter est ingly, the north -
erly trending dike swarm par al lels the straight west ern mar -
gin of the 20 km long Verde Creek pluton, which is lo cated
im me di ately east of the area outlined by the southern half of 
Figure 2.

Iso to pic age de ter mi na tion of min er al iza tion at Cop per 
Moun tain has re lied largely upon cool ing ages or im pre cise
fis sion track tech niques (Fig ures 3, 4). Al though a ro bust
U-Pb zir con age from the Cop per Moun tain stock yielded
202.7 +4.4/–0.5 Ma, 200.3 ±2.1 Ma and 204 ±6 Ma (Fig -
ure 4; Mortensen et al., 1995), age de ter mi na tions from
min er al iza tion have his tor i cally been by tech niques sus -
cep ti ble to iso to pic dis tur bance. This is par tic u larly prob -
lem atic in the mine area where ex ten sive in tru sion by the
youn ger ‘Mine Dykes’ heated the sur round ing coun try
rocks. Such cool ing ages in clude K-Ar bi o tite de ter mi na -
tions on the Cop per Moun tain stock and min er al ized veins

that yielded a mean age of 193 ±7 Ma (Sinclair and White,
1968), and those on the peg ma titic sul phide veins and Lost
Horse and other in tru sions that yielded a “mean age of
193.5 ±8 Ma” (Preto, 1972). Con sis tency of these two
datasets and the time scale cal i bra tion of the day (Kulp,
1961) placed the in tru sions and min er al iza tion within the
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Fig ure 7. Ti tan ite grains an a lyzed from sam ples from Cop per
Moun tain, south-cen tral Brit ish Co lum bia: A) ti tan ite from sam ple
MMI06-32-3; field of view is ~2 mm; B) ti tan ite from sam ple MMI06-
32-5; field of view is ~2 mm; C) zir con sep a rate from sam ple
MMI06-32-4 prior to abra sion (200 mm scale bar).

Fig ure 6. Peg ma titic min er al ized K-feld spar veins con tain ing cop -
per car bon ate–stained bi o tite–chal co py rite–bornite–epidote–ti -
tan ite, Cop per Moun tain, south-cen tral Brit ish Co lum bia. The
light-col oured halo is prob a bly due to al bite al ter ation.

Fig ure 5. Light-col oured ‘Mine Dykes’ cut ting dark, hy dro ther mally
al tered Nicola Group vol ca nic strata within Pit 3, Cop per Moun tain,
south-cen tral Brit ish Co lum bia. View is to the south east. The lo ca -
tion of sam ple MMI06-32-4 is just vis i ble on the far pit wall (red ar -
row).



168
B

rit ish C
o lum

 bia G
eo log i cal Sur vey

Table 1. U-Pb thermal ionization mass spectrometry analytical data for titanite from mineralized veins in samples MMI06-32-3 and MMI06-32-5, Copper Mountain, south-central British
Columbia.

Table 2. U-Pb thermal ionization mass spectrometry analytical data for zircon from the ‘Mine Dyke’ sample MMI06-32-4, Copper Mountain, south-central British Columbia.



Late Tri as sic pe riod, which ex tended to 181 Ma (K on Fig -
ure 4). Both the min er al ized veins and in tru sions cut rocks
that con tain mea gre but sig nif i cant fos sil col lec tions yield -
ing Late Tri as sic ages. Penecontemporaneous coun try
rocks and in tru sions seemed con sis tent with ev i dence for a
near-sur face in tru sive en vi ron ment Such ev i dence includes 
por phy ritic tex tures and brec cia bod ies in dic a tive of low
con fin ing pres sures (Preto, 1972). How ever, a time scale
re vi sion in 1982 (Harland et al., 1982; H on Fig ure 4)
pushed the Tri as sic-Ju ras sic bound ary back to 208 Ma, pro -
vid ing for a ~15 m.y. lag be tween de po si tion of arc strata
and in tru sion. A sub se quent re vi sion of the Ju ras sic time
scale for the Ca na dian Cor dil lera (Pálfy et al., 2000; J on
Fig ure 4), mod er ated the 1982 Tri as sic-Ju ras sic bound ary
re vi sion, plac ing the new bound ary at 200 ±1.0 Ma. Fol -

low ing the time scale re vi sion in 2000, the Cop per Moun -
tain story was: in tru sion around 202 Ma, in the Late Tri as -
sic, fol lowed by min er al iza tion around 193 Ma, in the Early 
Ju ras sic. In light of typ i cal du ra tions for hypogene ore for -
ma tion, which range from 0.01 to 0.1 m.y. for Cu±Mo±Au
por phyry de pos its worldwide (McInnis et al., 2005) the lag
time of nearly 10 m.y. seemed unreasonable, and most
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Fig ure 8. Con cordia plots for U-Pb ther mal ion iza tion mass spec -
trom e try data for sam ples from Cop per Moun tain, south-cen tral
Brit ish Co lum bia: A) sam ple MMI06-32-3; B) sam ple MMI06-32-5.
2s er ror el lip ses for in di vid ual an a lyt i cal frac tions are red. Blue el -
lip ses rep re sent the best es ti mate con cordia age of the sam ple.
Con cordia bands in clude 2s errors on U de cay con stants.

Fig ure 9. Con cordia plot for U-Pb ther mal ion iza tion mass spec -
trom e try data for the ‘Mine Dyke’ sam ple, MMI06-32-4, Cop per
Moun tain, south-cen tral Brit ish Co lum bia. 2s er ror el lip ses for in di -
vid ual an a lyt i cal frac tions are in red. The blue el lipse rep re sents
the best es ti mate con cordia age of the sam ple. Con cordia bands
in clude 2s er rors on U de cay con stants.

Fig ure 10. Step-heat ing Ar gas re lease spec tra for euhedral bi o tite 
from sam ple MMI06-32-6, Big Lead, bornite-bi o tite ore, Cop per
Moun tain, south-cen tral Brit ish Co lum bia. Pla teau steps are filled;
re jected steps are open. Box heights at each step are 1s. Ris ing
low-tem per a ture steps to the ro bust pla teau at 205.5 ±1.1 Ma in di -
cate a def i cit of loosely bound Ar.



l ikely attr ibutable to  the large errors of  the age
determinations from min er al iza tion (Figure 4).

Our sam pling of min er al iza tion in cludes ti tan ite-bi o -
tite–bear ing veins in the mar gin of the Cop per Moun tain
stock and those equi dis tant be tween the Cop per Moun tain
stock and the body of Lost Horse In tru sions (Fig ure 3). In
ad di tion to this spa tial vari abil ity, we have used two dif fer -
ent tech niques: U-Pb ti tan ite and 40Ar/39Ar bi o tite dat ing
with clo sure tem per a tures of 660–700°C (Scott and St-
Onge, 1995) and 300–450°C (McDougall and Har ri son,
1999), re spec tively. These tech niques are more ro bust than
the K-Ar bi o tite tech nique used in the past. Our re sults for
the ti tan ite-bear ing veins, 201.2 ±1.0 Ma and 201.8
±0.7 Ma, are iden ti cal, within er ror, to the crys tal li za tion
ages re ported by Mortensen et al. (1995). If there is any sys -
tem atic dif fer ence in the ages of in tru sion and min er al iza -
tion, its mea sure ment is be yond the res o lu tion of the
geochronometers avail able to us. This contemporaneity of
in tru sion and hypogene min er al iza tion is con sis tent with
the re sults of sim i larly ro bust datasets else where within the
Cordilleran belt of alkalic por phyry de pos its (e.g., Iron
Mask and Mt. Polley; Lo gan et al., 2007), and re sults from
other por phyry sys tems glob ally (McInnis et al., 2005). Our 
new data pro vide a tight in te gra tion of the Cop per Moun -
tain de posit with the ca. 205–200 Ma alkalic Cu-Au
porphyry event that stretches the length of the Canadian
Cordillera.
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Integrated MapPlace Analysis of a Target Hidden in the Files
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INTRODUCTION

The Brit ish Co lum bia Geo log i cal Sur vey (BCGS) is
the pro vin cial agency re spon si ble for the min eral re sources
of the prov ince of BC. As part of its over all man date, the
BCGS has de vel oped the MapPlace website as its pri mary
re search and in for ma tion source. MapPlace com prises nu -
mer ous in te grated da ta bases and ap pli ca tions re lated to the
ge ol ogy and min eral re sources of the prov ince. Prop erty
File is one part of this system.

The BCGS Prop erty File is an ex ten sive col lec tion of
min eral de vel op ment doc u ments from through out the
prov ince. Doc u ments within the col lec tion date back to
1852 and are of ten the only ex tant cop ies of the items. The
doc u ments have been col lected pri mar ily by BCGS staff,
but also come from in dus try do na tions. Within the files,
there is much orig i nal in for ma tion that is not avail able else -
where. Un til 2009, this in for ma tion was only ac ces si ble in
hard copy at the Min is try’s li brary in Vic to ria. The Prop erty 
File pro ject was ini ti ated in 2005 to in dex and make the
doc u ments avail able on line. In 2008, the first group of files, 
com pris ing approximately 3400 documents, was posted to
the web.

Fur ther work on Prop erty File doc u ments in 2009 by
Pur ple Rock Ed it ing, as part of the Geoscience BC QUEST
pro ject, added a sig nif i cant num ber of doc u ments to the
website. Dur ing the course of doc u ment cat a logu ing, a
num ber of pre vi ously un re corded min eral oc cur rences
were cat a logued and sev eral anom a lous lo ca tions were
iden ti fied. This re port uses one of the anom a lous lo ca tions
to de velop a case study for the use of MapPlace to gen er ate
an ex plo ra tion target based on the Property File in for ma -
tion.

REVIEW OF THE PROPERTY FILE
DATABASE AND APPLICATION

History

It be came ap par ent to BCGS staff that it was dif fi cult to 
deal with min eral oc cur rence re lated in for ma tion that did
not fit with the other, more stan dard ized files/da ta bases like 
MINFILE or the As sess ment Re port In dex ing Sys tem
(ARIS). The BCGS staff rec og nized the rel a tive im por -
tance of the in for ma tion but needed a re pos i tory for it.
Thus, Prop erty File was born as an ad junct to the Min is try’s
li brary. The in for ma tion was col lected and stored on an ad
hoc ba sis and there was no stan dard iza tion of what was col -
lected. None the less, the in for ma tion con tained was and is
still use ful. With the ad vent of MINFILE, the col lected doc -
u ments were gen er ally sorted and stored by MINFILE
num ber with a catch-all des ig na tion of a gen eral file as so ci -
ated with each 1:250 000 map sheet. These doc u ments be -
came the clas sic (or li brary) collection used extensively by
generations of mineral industry clients.

Over the years, as files were added to Prop erty File,
two is sues be came ap par ent. The first was that this in for ma -
tion was lo cated only in Vic to ria. In dus try and other cli ents
had to travel to Vic to ria to view the ma te ri als. Sec ond, over
the years, items went miss ing and thus were lost from the
pub lic do main. As many of the doc u ments are now the only
ex tant cop ies, the BCGS rec og nized that there needed to be
a better way to store and re trieve the files to in crease their
accessibility and security.

In 2005, the BCGS be gan de sign ing a web-based sys -
tem to store, re trieve and dis play the in for ma tion con tained
in Prop erty File. As so ci ated with this was a rec og ni tion that 
the sys tem could le ver age off the al ready pow er ful and
well-used MINFILE da ta base and even tu ally be in te grated
into MapPlace. The de sign and build of the sys tem be gan in
2007 and the ini tial roll-out started in 2008. To date there
are over 9000 in di vid ual doc u ments avail able on line with
ap prox i mately 20 000 more scanned, in dexed and in the
process of being added to the database.

The doc u ments are scanned at high res o lu tion and
qual ity checked to en sure all in for ma tion in the orig i nal
doc u ment is vis i ble in the scanned copy. All doc u ments are
then avail able to the pub lic as Adobe Ac ro bat® PDFs,
which are down load able free of charge. The scanned doc u -
ments are avail able as black and white, greyscale or full
col our as dic tated by the orig i nal. Also, on all maps and
map-like doc u ments larger than 11 by 17 in., a dig i tal ref er -
ence scale has been in serted so that scales can be checked
for print ing or plot ting pur poses and for those with out in -
cluded scales, it can be cal cu lated back from ref er ence
points on the ground. The scan ning con trac tor de vel oped a
unique method to dig i tally in sert the map ref er ence. These
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re quire ments and in no va tions have in creased the util ity of
the digital documents over their hard-copy originals.

Sources of Information

The pri mary sources for the doc u ments are BCGS
staff, who col lect the items in the course of their work.
Other ma jor sources in clude do na tions from ex plo ra tion
com pa nies, pros pec tors and other in di vid u als. Other ma jor
in puts have come from com pa nies that closed or down sized 
ex plo ra tion of fices in BC, such as Falconbridge Lim ited,
Chev ron Cor po ra tion (Chev ron), Cy prus-An vil Min ing
Cor po ra tion, Placer Dome Inc., Rimfire Min er als Corp.
and Inmet Min ing Cor po ra tion. Other sig nif i cant col lec -
tions have come from in di vid u als and in clude: all the Pros -
pec tor’s As sis tance Pro gram re ports, 1994–2001; West ern
Ex plo ra tion Co. Ltd. (Charles Starr file); Tom Kirk’s J & L
file; Ken Dawson; Den nis Gorc; and the Cam Stephens
fam ily be quest. The to tal num ber of doc u ments in Prop erty
File in its en tirety is es ti mated at 100 000, with about two-
thirds cur rently hav ing lim ited to no in dex ing. The bal ance
is ei ther posted to the web, is ready for post ing or is in prog -
ress. The BCGS is re ceiv ing do na tions on an on go ing ba sis
and wel comes doc u ments for in clu sion in Prop erty File. In -
for ma tion on do na tions is on the Prop erty File home page at 
http://www.empr.gov.bc.ca/Mining/Geoscience/Property
File/Pages/default.aspx.

Types of Documents in Property File

Twenty-four types of doc u ments are cat a logued in
Prop erty File. They in clude re ports, let ters, notes, field
notes, memos, maps of all kinds, mine plans, se cu ri ties doc -
u ments, pho tos, thin sec tions and other items. These doc u -
ments are items in the pub lic do main and are avail able for
gen eral use. Other items in Prop erty File are sub ject to
copy right reg u la tions, in clud ing news clip pings, the ses,
ex cerpts from jour nals and spe cial pub li ca tions. Work is
pro gress ing on get ting the copy right is sues solved and
having these items posted.

Property File Search Function

Pri mary ac cess to the Prop erty File is through the
search tool  tha t  i s  avai l  able  a t  h t tp : / /  proper ty
file.gov.bc.ca/. All items are coded with MINFILE ref er -
ences and this is prob a bly the most pow er ful search field
(Fig ure 1). Items that re fer to a large area are typ i cally
coded by an NTS 1:250 000 map sheet gen eral ref er ence
(e.g., 093K GEN), which was spe cially de vel oped for this
pro ject. Au thor/ti tle in dex ing, doc u ment date, type and col -
lec tion name can also be used to filter the searches.

The search re sults page is pre sented in tab u lar for mat
and in cludes the MINFILE num ber, doc u ment ti tle, col lec -
tion name and the doc u ment file size. Click ing on the doc u -
ment ti tle takes the cli ent to the metadata page for the doc u -
ment and in cludes a link to the PDF doc u ment. Click ing on
the doc u ment file size links the cli ent di rectly to the PDF
doc u ment. Click ing on any of the head ers sorts the re sults
in ascending order of that header.

Integration with MINFILE

Prop erty File is also cross-linked with MINFILE. The
link ing pro cess is on go ing and at the time of writ ing, sev -
eral hun dred MINFILE oc cur rences are cross-linked. In
those that are linked, the ‘EMPR PF’ coded ref er ence list -
ings in the MINFILE bib li og ra phy are linked to the
metadata pages for spe cific doc u ments in Prop erty File.
This works in a sim i lar man ner as the ARIS as sess ment
report links in MINFILE.

CASE STUDY OF HIDDEN TARGETS IN
PROPERTY FILE AND INTEGRATION
WITH MAPPLACE ANALYSIS

Roundtop Mountain/Black Stuart Mountain
Target, NTS 093A/14

Prop erty File con tains a pleth ora of doc u ments, largely 
pro duced by ex plo ra tion geoscientists. In the course of pro -
cess ing the doc u ments, con tract ge ol o gists noted that there
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Fig ure 1. Brit ish Co lum bia’s Prop erty File search page as viewed on the website (http://propertyfile.gov.bc.ca/).
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were many pro jects that were not re lated to any MINFILE
oc cur rences. Also, some pro jects were at a re con nais sance
level and in ter est ing tar gets were ap par ently never fol -
lowed up. This case study high lights one of these finds and
in cludes an in te grated re view us ing MapPlace to eval u ate a
potential exploration target.

Re search by Barlow et al. (2010) as part of the QUEST
pro ject ex am ined 2619 doc u ments in Prop erty File that re -
late to ar eas within the QUEST and QUEST-West ar eas.
These doc u ments were cat a logued, scanned and posted to
the Prop erty File website. In the course of the work, nu mer -
ous re gional doc u ments were pro cessed. Upon the ex am i -
na tion of the doc u ments dur ing pro cess ing, a num ber of in -
ter est ing items were iden ti fied. One set of these came from
the Chev ron col lec tion and was part of a re gional stream-
sed i ment sam pling pro gram called the Cordilleran Sed i -
ments Pro gram (Dillon, 1980). Two re gions were ex am ined 
as part of the pro ject: Quesnel Lake–Barkerville and
Chetwynd. This pro ject was de signed to find base-metal
tar gets with the fol low ing el e ments an a lyzed: Cu, Pb, Zn,
Ag, Au, As, Ba, Fe, Mn, Mo and V. The sum mary re port
was pre pared by Dillon (1980) and is Prop erty File doc u -
ment num ber 840311. The re con nais sance geo chem i cal
sur vey in NTS map area 093A/14 is Prop erty File doc u -
ment num ber 840322 and the detailed follow-up map is
Property File document number 840327 (Figure 2).

The ini tial phase of the Cordilleran Sed i ments Pro -
gram sam pled a wide spread num ber of creeks in the
Barkerville to Quesnel Lake re gion. Ninety-three sites
were sam pled in the NTS 093A/14 map area. Ini tially, sam -
ples were col lected for heavy-min eral con cen trate anal y sis. 
From these, sev eral anom a lous-el e ment value groups were
iden ti fied, in clud ing two in the Roundtop and Black Stu art
moun tain ar eas. Sig nif i cant anom a lous val ues in cluded
>500 ppm Pb, >500 ppm Zn and >3.5 ppm Ag. Max i mum
val ues were 2540 ppm Pb, 2080 ppm Zn and 6.2 ppm Ag.

Fol low-up sam pling fo cused on ad ja cent creeks, with
206 ad di tional sites, and the silt-sized frac tion of the sam -
ples were an a lyzed (Fig ure 2). For this as pect of the pro ject, 
only Cu, Pb, Zn, Ag and Ba were ex am ined. In this case,
sim i lar el e ment val ues were de tected. How ever, sig nif i -
cantly higher val ues were re turned from Nolaka Creek, east 
of Roundtop Moun tain; an un named creek due west of
Black Stu art Moun tain; and Kimball Creek, north east of
Black Stu art Moun tain. In Nolaka Creek, Pb val ues ranged
from 21 to 113 ppm and Zn val ues ranged from 63 to
2615 ppm with eight sam ples at the head of the creek rang -
ing from 525 to 2615 ppm Zn. The high est val ues for both
el e ments are clus tered to gether at the head of the creek. On
Kimball Creek, the de tailed sam pling re vealed a clus ter of
14 Zn val ues with a range from 575 to 3080 ppm. Lead val -
ues were el e vated slightly above back ground in the same
area. On the un named creek, nine sam ples ex tend ing from
top to bot tom ranged from 530 to 2620 ppm Zn. Five sam -
ples, all from the head of the creek ad ja cent to the peak of
Black Stu art Moun tain, were in ex cess of 1500 ppm Zn.
Dillon (1980) rec og nized the sig nif i cance of the sampling
results and commented on it in his report.

Integrated MapPlace Analysis

The fol low ing is an ex am ple of how MapPlace can
pro vide an anal y sis to sup ple ment the in for ma tion con -
tained in Prop erty File. As MapPlace in for ma tion is spa -
tially de fined, the map-based in ter face can pro vide a vi sual
su per im po si tion of mul ti ple datasets and in crease the util ity 
of in di vid ual datasets and ap pli ca tions such as MINFILE,
ARIS, Min eral Ti tles On line, regional geology and base-
map data.

Base-map in for ma tion on MapPlace shows the re gion
is rug ged and moun tain ous. Slopes are steep with gen er ally
nar row val leys. There are nu mer ous streams within a net -
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Fig ure 2. Im age clip from the de tailed fol low-up sam pling pro gram map by Dillon (1980), Cariboo Lake, Brit ish Co lum bia. The nu meric val -
ues are Zn con cen tra tions in ppm. Shad ing of anom a lous val ues re flects the orig i nal high light ing on the map.



work of larger creeks and rivers. Ma jor drain age fea tures in
the area of in ter est in clude the Cariboo River, Cunningham
Creek and Kimball Creek. Airphotos show dense tree cover 
from val ley bot tom to top, with lit tle al pine ex po sure. Road
ac cess, based on 2007 airphotos, is lim ited in the area.
Roundtop Moun tain has rel a tively good ac cess by roads up
along Cunningham Creek on the west and some roads near
Nolaka Creek to the east. There is no road ac cess to the
Black Stu art Mountain area (Figure 3).

The area of Roundtop and Black Stu art moun tains is
un der lain by rocks of the Cariboo terrane (Struik, 1988).
This is a stacked se quence of con ti nen tal-de rived clastic
sed i ments, in clud ing shale, grit, sand stone and car bon ates,
along with mi nor ba salt. The terrane is sub di vided into two
parts; the first be ing a Cam brian and older suc ces sion and
the sec ond be ing an over ly ing Or do vi cian to Permo-
Triassic suc ces sion. The two suc ces sions are sep a rated by
an Or do vi cian un con formity. The lower suc ces sion is the
Cariboo Group and the up per suc ces sion is the Black Stu art
Group. At Roundtop Moun tain, the Cariboo terrane is
thrust west ward over oce anic clastic rocks of the Barker -
ville terrane along the Pleasant Valley thrust.

Cor re la tion of the com pany’s re gional and de tailed
geo chem i cal sam pling has yielded some in ter est ing ob ser -
va tions. For this anal y sis, the fol low ing MapPlace lay ers
were used in the Ex plo ra tion As sis tant with BCGS
geoscience maps: the re gional geo chem i cal sur vey (RGS)
2007 data, with its re worked re ports and down loads, and
the new Catch ment Bas ins layer. The RGS data has been
sub stan tially im proved over the years with most of the
reanalyzed sam ples added and in te grated into the data. The
Catch ment Bas ins layer is new to MapPlace and is de rived
from pro vin cial drain age ba sin poly gons. The catch ment

bas ins are rep re sen ta tions of the unique poly gon that is the
area of influence for each RGS site.

The RGS data shows only sub tle vari a tions in the Zn or
Pb val ues within the area of in ter est. The catch ment ba sin
dis tri bu tion with the as so ci ated RGS sam ple sites shows
that the ma jor ity of sam ples taken by Dillon (1980) over lap
with the RGS data (Fig ure 4). East of Roundtop Moun tain,
the RGS sam ple shows a Zn value of 106 ppm (RGS sam ple 
93A805134) and the Dillon sam ple clos est to the site had a
value of 98 ppm Zn. The Dillon data had val ues of up to
2615 ppm Zn at the head of the creek. It is in ter est ing to note 
that the geo chem i cal data in di cate rel a tively short trans port
dis tances. Higher val ues ap pear to be re stricted to 2000–
3000 m with a no ta ble drop off outside of the host
geological units.

West of Black Stu art Moun tain, there are two RGS
sam ples that are in the two drain age ar eas south of those of
the  Di l lon  data .  The f i rs t  sam ple  (RGS sam ple
93A805111), from a small catch ment ba sin at the foot of the 
moun tain, has a value of 480 ppm Zn. The sec ond sam ple
(RGS sam ple 93A805110), from a catch ment ba sin that ex -
tends up next to the peak, shows only 86 ppm Zn. Two sam -
ples col lected by Dillon from drain age ar eas to the north
show val ues of 555 and 239 ppm Zn, going northward.

East of Black Stu art Moun tain, there are three RGS
sam ple sites of which two over lap the Dillon data. One
RGS sam ple, num ber 93A805158, shows 480 ppm Zn,
which is an anom a lous value in the area as typ i cal Zn val ues 
are less than 100 ppm. The only RGS sam ple that re ally
stands out and closely re flects the Dillon data is RGS sam -
ple 93A805156, which has a value of 1260 ppm Zn and
com pares with a Dillon value of 1320 ppm Zn. This RGS
sam ple lo ca tion and the clus ter of highly anom a lous Dillon
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Fig ure 3. Screen cap ture from the MapPlace Ex plo ra tion As sis tant, show ing the area equiv a lent to Fig ure 2. Min eral oc cur rences are col -
oured squares with the MINFILE num ber, As sess ment Re port In dex ing Sys tem (ARIS) re port lo ca tions are col oured dots, min eral ten ures
are out lined in ma genta (min eral) and or ange (placer). A ge ol ogy map pro vides the back ground layer for the map. The Cariboo Group is
shown in shades of yel low and the Black Stu art Group is shown in me dium blue (near to Black Stu art Moun tain). The pur ple and two blue
units south west of Roundtop Moun tain are parts of the Snow shoe Group and not dis cussed in this pa per.



val ues is as so ci ated with the one known min eral oc cur rence 
gen er ated from the orig i nal geo chem i cal survey and is
discussed below.

Min eral ex plo ra tion work in the area has largely been
fo cused on placer gold of the Cariboo/Barkerville min ing
camp and as so ci ated hard-rock gold veins. This is shown
by the sig nif i cant num ber of known me tal lic min eral oc cur -
rences in MINFILE that are lo cated pri mar ily along
Cunningham Creek west of Roundtop Moun tain and down
to the Cariboo River. At the top of Roundtop Moun tain,
there are two in dus trial min er als oc cur rences, one of
quartz ite and the other of lime stone. Be tween Roundtop
and Black Stu art moun tains there are no min eral oc cur -
rences re corded. This is the area that hosts the stream sam -
ples with el e vated Zn, Pb and Ag con cen tra tions, according 
to Dillon (1980).

Min eral as sess ment re ports (housed in the ARIS da ta -
base) fol low the same pat tern as the MINFILE oc cur rences. 
Re ports along Cunningham Creek in the vi cin ity of
Roundtop Moun tain range in age from 1976 to 2009. The
ma jor ity of work has been on both the placer and hard-rock
gold oc cur rences. It is note wor thy that there have been mi -
nor amounts of work on Pb-Zn veins/open space fill ings
and sev eral W show ings in the area. Again, how ever, there
has been no re corded work east of Roundtop Moun tain.
The one ex cep tion has been some work on Zn-Pb show ings
east of Black Stu art Moun tain and is as so ci ated with some
of the re sults identified by Dillon (1980).

The ac qui si tion of min eral ti tles has also fo cused
largely on the Cunningham Creek cor ri dor. At the time of
writ ing, most of the ground was staked. Anal y sis with the
Min eral Ti tles tool in the Ex plo ra tion As sis tant map, how -
ever, shows that sev eral large blocks of claims have a com -
mon owner and have an an ni ver sary date of early 2010.

Other re lated re search in di cates that the orig i nal stak ing
was part of an area play to the north west and so the ten ure
may not be re lated to lo cal min er al iza tion. Also, when the
work by con tract ge ol o gists orig i nally iden ti fied the Prop -
erty File in for ma tion above, a sig nif i cant part of the
Roundtop–Black Stu art moun tain area was open ground.
At the time of writ ing, this area had been staked. This may
be a re flec tion of the active and dynamic exploration
situation in the region.

East of Black Stu art Moun tain is a sin gle min eral oc -
cur rence that was dis cov ered and de vel oped in as so ci a tion
with Dillon’s sur vey work. The oc cur rence is named the
Comin’ Thru Bear show ing (MINFILE 093A  148). Teck
Ex plo ra tions Ltd. per formed a geo chem i cal sur vey, geo -
log i cal map ping and di a mond drill ing pro gram on the prop -
erty in 1981 (As sess ment Re port 9819; Luvang and Reed,
1981). Lead-zinc min er al iza tion was iden ti fied in sev eral
lo ca tions, which were trenched and sub se quently some
sites were drilled. Geo log i cal map ping by Green wood
(1981) iden ti fied the min er al iza tion as diagenetic Pb-Zn
min er al iza tion in open spaces within chert-car bon ate of the
Mu ral For ma tion. This strati graphic des ig na tion is in con -
sis tent with the later, re vised stra tig ra phy of Struik (1988)
and more closely re sem bles his chert-car bon ate unit as -
signed to the Black Stu art Group. Map ping, trench ing and
drill ing did not find any eco nomic min er al iza tion but
Green wood (1981) con cluded that there was potential for
more to be found elsewhere within the Mural Formation.

SUMMARY OF THE CASE STUDY AND
INTEGRATED ANALYSIS

This case study is based on a set of doc u ments from
Prop erty File. The in for ma tion was rec og nized as sig nif i -
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Fig ure 4. Area of in ter est, Cariboo Lake, Brit ish Co lum bia, with the Catch ment Bas ins in green shad ing and the RGS sam ple lo ca tions la -
belled with a Mas ter Iden ti fi ca tion num ber. Blue el lip ses show the out line of where the anom a lous Zn val ues from Dillon (1980) are grouped. 
Im age out line is the same as the pre vi ous maps.



cant but had lim ited con text. By us ing MapPlace, mul ti ple
datasets could be quickly re viewed and ex am ined to eval u -
ate the con text of the orig i nal doc u ment. MapPlace pro -
vided ac cess to sev eral spe cific min eral-re lated datasets in -
clud ing MINFILE, ARIS, Min eral Ti tles On line, BCGS
ge ol ogy, airphotos and base map ping. By su per im pos ing
the dif fer ent datasets, a com pre hen sive re view could be de -
vel oped. As this in for ma tion is all web-based and free to
use, the re view could be done anywhere by anyone with
Internet access.

The re view of the avail able in for ma tion al lowed
known min er al iza tion and its char ac ter is tics to be iden ti -
fied. From there, the re view iden ti fied a gen eral re gion be -
tween Roundtop Moun tain and Black Stu art Moun tain that
hosts pro spec tive ge ol ogy for Pb-Zn min er al iza tion. The
ten ure sit u a tion in the re gion is fluid and there ex ists po ten -
tial for ar eas to be come free for stak ing on an on go ing ba sis. 
Should that not be the case, ei ther an ex ist ing ten ure holder
or an out side op er a tor could es tab lish a busi ness agree ment
with the ti tle holder (e.g., a prop erty op tion) and could
follow-up on this kind of re search. The ul ti mate value of
Prop erty File in for ma tion is its re cord of work, which can
provide a basis for future mineral development work.
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Preliminary Review of the Effect of Analytical Method Variability on
Regional Geochemical Survey Data, British Columbia

by R.E. Lett and W. Jackaman1

KEYWORDS: geo chem is try, re gional geo chem i cal sur -
veys, aqua-regia di ges tion, in duc tively cou pled plasma-
mass spec trom e try anal y sis

INTRODUCTION

Re gional geo chem i cal drain age sed i ment data is com -
monly lev elled be fore con tour ing to com pen sate for spa tial
and tem po ral vari a tions that can be in tro duced by us ing dif -
fer ent sam ple me dia and an a lyt i cal meth ods. Lin ear ‘edge
ef fects’ in the form of a vis i ble ‘step’ along the com mon
bound ary be tween two ad ja cent sur vey maps are of ten re -
vealed in large-scale con toured re gional geo chem i cal maps 
and can re flect merg ing of source data from sep a rate sur -
veys, each car ried out at dif fer ent times. The Brit ish Co -
lum bia re gional geo chem i cal sur vey (RGS) is an ex am ple
of a large da ta base pop u lated by stream, lake-bot tom and
moss-mat sed i ment sam ple geo chem is try data from over 50 
in di vid ual sur veys car ried out since 1976, us ing sev eral
lab o ra to ries and an a lyt i cal meth ods (Lett, 2005). As part of
the Can ada-wide Na tional Geo chem i cal Re con nais sance
(NGR) pro gram, the BC RGS has been car ried out to con -
form to sam ple col lec tion, qual ity con trol, sam ple prep a ra -
tion and sample analysis standards that were established by
the Geological Survey of Canada (Garrett, 1974).

The pro to col for anal y sis of the –80 mesh size
(<0.177 mm) drain age sed i ment frac tion to de ter mine a
range of geo chem i cal path finder el e ments (e.g., As, Cu, Pb, 
Mo, Hg, Zn) is his tor i cally an aqua-regia (HCl-HNO3) di -
ges tion fol lowed by atomic ab sorp tion spectrophotometry
(AAS) or, more re cently, in duc tively cou pled plasma-mass
spec trom e try (ICP-MS). Ide ally, anal y ses pro duced by this
pro to col should be com pa ra ble from sur vey to sur vey al -
low ing for vari a tions due to rou tine sam pling and an a lyt i cal 
er rors. In prac tice, how ever, sub tle dif fer ences in the an a -
lyt i cal method, es pe cially the con di tions of the di ges tion
tech niques used, in tro duce an ad di tional vari able into el e -
ment de ter mi na tions. Past stud ies have ex am ined the geo -
chem i cal ef fects of an a lyz ing re gional drain age sed i ment
sam ples for el e ments with dif fer ent meth ods. For ex am ple,
Day et al. (1988) com pared Ag, As, Cd, Co, Cu, Fe, Mo,
Mn, Pb, Sb and Zn val ues of sed i ment sam ples de ter mined
us ing a Lefort aqua-regia (3HNO3:HCl) di ges tion fol lowed 
by AAS with val ues for the same el e ments de ter mined by
Lefort aqua-regia di ges tion fol lowed by in duc tively cou -

pled plasma-emis sion spec trom e try (ICP-ES). They found
that there were statistically different concentrations for all
of the elements, except Co, determined by the two methods.

This pa per will il lus trate three sit u a tions com mon to
es tab lished re gional geo chem i cal sur vey pro grams that
may in tro duce an a lyt i cal vari abil ity. The first ex am ple
com pares el e ment data from re gional geo chem i cal sur vey
sam ple anal y ses. Ini tially, the sam ples were an a lyzed with
aqua-regia di ges tion fol lowed by AAS and later the ar -
chived sed i ment sam ples were reanalyzed with a HCl-
HNO3-H2O di ges tion fol lowed by ICP-MS. The sec ond ex -
am ple briefly com ments on a com par i son of re sults for a
con trol ref er ence stan dard an a lyzed by aqua-regia di ges -
tion fol lowed by ICP-MS at a sin gle lab o ra tory for two an a -
lyt i cal pro jects com pleted in dif fer ent years. The fi nal ex -
am ple sum ma rizes the re sults of an a lyz ing Can ada Cen tre
for Min eral and En ergy Tech nol ogy (CANMET) ref er ence
ma te ri als by an aqua-regia di ges tion fol lowed by ICP-MS
at dif fer ent lab o ra to ries for a range of el e ments com monly
re ported from re gional drain age sur veys. It is em pha sized
that for all three ex am ples, the an a lyt i cal re sults and dis cus -
sions re ported in this pa per are very pre lim i nary. They are
in tended to il lus trate that these types of data complexity are
inherent to the design and structure of RGS programs that
have been conducted over many years.

METHODS COMPARISON: REANALYSIS 
OF RGS SAMPLES FROM NTS MAP
AREA 093J

Dur ing 1985, stream sed i ment and wa ter sam ples were
col lected from 1088 sites at an av er age den sity of one sam -
ple per 13 km2 through out the 14 770 km2 of NTS map area
093J (McLeod Lake; Fig ure 1), cen tral BC. The air-dried
sed i ment sam ples were sieved through a –80 mesh
(<0.177 mm) and ball milled. A to tal of 1152 sed i ment sam -
ples, du pli cate sam ples and stan dard ref er ence ma te ri als
were an a lyzed at a com mer cial lab o ra tory for Ag, As, Cd,
Cu, Co, Hg, Fe, Mo, Mn, Ni, Pb, Sb, V, and Zn by an aqua-
regia di ges tion fol lowed by AAS. Orig i nal geo chem i cal
sur vey re sults were re ported in Geo log i cal Sur vey of Can -
ada Open File 1216 (Geo log i cal Sur vey of Can ada, 1986).
In 2005, ar chived stream sed i ment sam ples from the sur vey 
were reanalyzed at a sec ond com mer cial lab o ra tory for 37
el e ments, in clud ing those listed above, by leach ing a 1 g
sam ple with a HCl-HNO3-H2O (2:2:2, vol ume of sol ute per
vol ume of sol vent [v/v]) mix ture at 95°C for one hour and
then mea sur ing the con cen tra tion of the 37 el e ments in the
di luted so lu tion by ICP-MS (Lett and Bluemel, 2006). The
orig i nal As, Cd, Cu, Co, Hg, Fe, Mo, Mn, Ni, Pb, Sb, V and
Zn val ues from 1986 can be com pared sta tis ti cally with ar -
chived sam ple de ter mi na tions to es tab lish if there are dif -
fer ences be tween the two datasets. A two-sam ple t-test is
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ap plied to de ter mine if there is a dif fer ence at the 0.05% sig -
nif i cance level be tween the pop u la tion means for aqua-
regia di ges tion and AAS com pared to HCl-HNO3-H2O di -
ges tion and ICP-MS mea sured val ues. Sil ver was not in -
cluded in the test be cause there is a large dif fer ence be -
tween the AAS and ICP-MS de tec tion lim its. An anal y sis
of vari ance (F-test) is ap plied be fore the t-test to es tab lish if
the two pop u la tions have an equal or un equal vari ance.
Once equal ity or in equal ity of vari ance is es tab lished, the
ap pro pri ate t-test is ap plied to test the null hy poth e sis (Ho)
that there is no sig nif i cant dif fer ence be tween el e ment pop -
u la tion means (Da vis, 1973). In Ta ble 1, the t-test re sults for 
the 1986 aqua-regia di ges tion and AAS de ter mined el e -
ments com pared to the 2006 HCl-HNO3-H2O di ges tion and 

ICP-MS val ues are sum ma rized. A blue to red bar (low to
high) in di cates a sig nif i cant dif fer ence be tween the means
whereas a green bar in di cates no dif fer ence. A com par i son
of the pop u la tion means listed in Ta ble 1 shows that they are 
gen er ally very sim i lar, al low ing for dif fer ences in method
de tec tion limit. However, the t-test indicates that there is a
statistical difference between the population means for 9 of
the 13 elements and that only Cu, Fe, Mn and V results from 
1986 appear to be comparable to the 2006 data.

YEAR TO YEAR COMPARISON:
ANALYSIS OF REFERENCE MATERIAL
FROM THE QUEST SURVEY AREAS

A sim i lar pat tern of sta tis ti cal dif fer ences can also be
ob served when com par ing con trol ref er ence sam ple data
that was re ported by the same lab o ra tory, but de ter mined in
dif fer ent years. Data used in this study com prised a sin gle
stan dard that had been ran domly in serted 77 times into the
sam ple se quence of two sep a rate Geoscience BC data-
reanalysis pro jects in two years (Jackaman, 2008, 2009).
Each an a lyt i cal pro ject in cluded el e ment de ter mi na tions
(by aqua-regia di ges tion fol lowed by ICP-MS) for sev eral
thou sand sam ples orig i nat ing from a num ber of pre vi ous
RGS pro grams. For most of the el e ments, t-test re sults in di -
cated a dif fer ence in pop u la tion means that was con sid ered
sta tis ti cally sig nif i cant with the ex cep tion of Au, Mn and
Mo. In terms of their sci en tific sig nif i cance with re gards to
ex plo ra tion geo chem is try, only the mean dif fer ences for
Ag and Hg were found to be suf fi ciently large that they
could have an ad verse in flu ence when in ter pret ing merged
data from sev eral sources. These re sults sug gest that com -
bin ing data from dif fer ent sur veys into a sin gle an a lyt i cal
pack age for large-scale reanalysis projects helps reduce the
analytical variability commonly associated with complex
geochemical datasets.

INTERLABORATORY COMPARISON:
ANALYSIS OF REFERENCE STANDARD
BY AQUA-REGIA DIGESTION
FOLLOWED BY ICP-MS

Par tial dis so lu tion of min er als in stream sed i ment and
soil sam ples by aqua-regia di ges tion fol lowed by ICP-MS
anal y sis is now com monly avail able com mer cially for rou -
tine de ter mi na tion of up to 50 ore-in di ca tor and path finder
el e ments, in clud ing Ag, As, Cd, Co, Cu, Fe, Hg, Mo, Mn,
Ni, Pb, Sb, V and Zn. Acid di ges tion meth ods and ICP-MS
anal y sis have been pre vi ously re viewed by Chao and
Sanzolone (1992) and Hall (1992). While aqua-regia di ges -
tion is suf fi ciently ag gres sive to com pletely dis solve na tive
Au and most min eral sulphides, it will only par tially re lease 
met als from min eral ox ides and rock-form ing alu mina-
silicate min er als. The amount of metal lib er ated by the acid
mix ture from ox ide, sil i cate and re frac tory min er als can
vary de pend ing on the re ac tion con di tions such as di ges tion 
tem per a ture, di ges tion time and op er at ing con di tions of the
in stru ments used to mea sure el e ment con cen tra tions in the
so lu tion. Con se quently, iden ti cal sam ples, when an a lyzed
by dif fer ent lab o ra to ries us ing an aqua-regia di ges tion fol -
lowed by a com bi na tion of ICP-ES and ICP-MS, may re -
turn slightly dif fer ent el e ment con cen tra tions from each
lab o ra tory. The dis par ity be tween el e ment val ues de tected
by dif fer ent lab o ra to ries in the same sam ple may be small
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Fig ure 1. Lo ca tion of the NTS 093J re gional geo chem i cal sur vey
(RGS) area, Brit ish Co lum bia.

Table 1. Summary of a t-test to determine if there is a difference at
the 0.05% significance level between the population mean for
elements (in 1152 stream sediment samples from NTS 093J, central 
British Columbia) determined by aqua-regia digestion followed by
atomic absorption spectrophotometry (AAS) compared to means
for the same samples reanalyzed by HCl-HNO3-H2O digestion
followed by inductively coupled plasma-mass spectrometry (ICP-
MS). A blue to red bar indicates a significant difference whereas a
green bar indicates no difference. A red bar shows the higher of the
two means. All values except Fe have been logarithmically
transformed before statistical analysis.



and have neg li gi ble ef fect on the abil ity to dis tin guish el e -
ment anom a lies within data gen er ated from de tailed,
property-scale sur veys. How ever, the small dif fer ences be -
come more crit i cal when at tempt ing to merge and level
large-scale sur vey an a lyt i cal data from sev eral in de pend ent 
sources. Con se quently, it was de cided to have sev eral lab o -
ra to ries an a lyze geo chem i cal standard reference materials
for Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Sb, V
and Zn using aqua-regia digestion followed by ICP-MS
and then compare the results reported.

Sample Batch Preparation and
Geochemical Analysis

A batch of sam ples, con sist ing of CANMET stream
sed i ment stan dards STSD-1, STSD-3 and STSD-4, was as -
sem bled for anal y sis. A sin gle bot tle of each CANMET
stan dard was ho mog e nized for two hours in a roller mixer,
the con tents of the bot tle de canted on a clean pa per sheet
and 4–5 g aliquots mea sured into three groups of prenum -
bered Ziploc® bags. The stan dards were then as sem bled in
ran dom or der and as signed a unique, blind iden ti fi ca tion
num ber to cre ate three iden ti cal sam ple batches. Each batch 
was sub mit ted to a com mer cial lab o ra tory for rou tine aqua-
regia di ges tion fol lowed by ICP-MS. The an a lyt i cal
method re quested at each lab o ra tory was that rou tinely
used to gen er ate re gional geo chem i cal sur vey data for the
BC Geological Survey (BCGS) and Geoscience BC
(Jackaman, 2009).

Results of the Geochemical Analysis

Sta tis ti cal anal y sis of the re ported geo chem i cal data
for the stan dards is in prog ress and fi nal re sults will be re -
ported in a fu ture pub li ca tion. For this rea son, only pre lim i -
nary re sults will be pre sented and dis cussed in this pa per.
Mean and per cent rel a tive stan dard de vi a tion (%RSD)
have been cal cu lated from eight, re peat, ran dom de ter mi na -
tions of each of the CANMET drain age sed i ment stan dards
(STSD-1, STSD-3, STSD-4). The sam ples were an a lyzed
for el e ments in clud ing those noted above. Ta ble 2 lists the
mean and %RSD val ues for the el e -
ments in stan dard STSD-1 de ter -
mined by each lab o ra tory, along
with the cor re spond ing CANMET
rec om mended mean value re ported
by Lynch (1990), for a con cen trated
HCl-HNO3 di ges tion fol lowed by
ICP-MS. Most of the mean val ues
for el e ments re ported by the lab o ra -
t o  r i es  a r e  w i th in  15% o f  t he
CANMET rec om mended mean
value. How ever, the mean value re -
ported by in di vid ual lab o ra to ries
may be higher or lower de pend ing
on the el e ment de ter mined in STSD-
1. Among likely rea sons for the vari -
a tions ob served be tween lab o ra tory
re ported and rec om mended means
for el e ments in STSD-1 are dif fer -
ences in the de tec tion limit re ported
by a lab o ra tory for some of the el e -
ments and the con di tions of the an a -
lyt i cal method used, in clud ing the
di ges tion pro ce dure. An a lyt i cal pre -
ci sion, based on the %RSD val ues, is 

com monly better than 5% for most of the el e ments in
STSD-1. Larger %RSD val ues, greater than 5%, for Ag,
Mo and Hg can be ex plained by a higher de tec tion limit for
these elements reported by some of the laboratories and the
influence of a wider range of high or low outlier values on
calculated precision.

CONCLUSIONS

Com par i son of geo chem i cal data from iden ti cal re -
gional stream sed i ment sam ples an a lyzed first by an aqua-
regia di ges tion fol lowed by AAS and then later by HCl-
HNO3-H2O di ges tion fol lowed by ICP-MS re veals small,
but sta tis ti cally sig nif i cant dif fer ences be tween the pop u la -
tion mean val ues for 9 of the 13 el e ments de ter mined. There 
are also sta tis ti cally sig nif i cant dif fer ences be tween the
pop u la tion mean val ues for the ma jor ity of el e ments mea -
sured from year to year in sed i ment ref er ence stan dards by
aqua-regia digestion followed by ICP-MS at one lab o r a -
tory.

CANMET stan dard ref er ence ma te ri als have been an a -
lyzed re peat edly by aqua-regia di ges tion fol lowed by ICP-
MS at sev eral com mer cial lab o ra to ries. Pre ci sion (%RSD)
for most of the el e ments re ported from the aqua-regia di -
ges tion fol lowed by ICP-MS anal y sis are within lim its
(±15%) that are gen er ally ac cepted as sat is fac tory for rou -
tine geo chem i cal ex plo ra tion pur poses. How ever, dif fer -
ences be tween mean val ues re ported by each lab o ra tory for
a ref er ence stan dard sug gest that the raw data from dif fer -
ent lab o ra to ries, while of good qual ity, should be used with
cau tion when merged and processed to display large
regional geochemical patterns.
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Lab A Lab B Lab C CANMET Lab A Lab B Lab C

Element Mean Mean Mean Mean %RSD %RSD %RSD

Ag (ppb) 308 268 328 300 6.9 4.9 3.4

As (ppm) 18.9 20.6 20.9 17 2.2 2.3 2.7

Cd (ppm) 0.93 1.08 0.86 0.8 4.2 4.7 3.4

Co (ppm) 13.4 13.9 13.6 14.00 1.6 2.9 2.7

Cr (ppm) 24.4 28.6 26.1 28.00 2.6 2.5 2.4

Cu (ppm) 31.63 37.94 34.40 36.00 2.2 2.3 2.5

Fe (%) 3.53 3.39 3.28 3.50 1.7 1.8 2.6

Hg (ppb) 112 101 109 110.00 3.3 5.0 6.0

Mn (ppm) 3810 3729 3499 3740 1.3 2.5 2.7

Mo (ppm)    0.97 0.99 1.02 2 5.9 2.0 2.7

Ni (ppm) 16.9 21.1 19.6 18 2.9 3.1 2.4

Pb (ppm) 33.86 38.11 32.48 34 4.5 3.3 3.9

Sb (ppm) 2.27 2.46 2.31 2 2.4 3.9 3.6

V (ppm) 44 46 45 47 3.4 2.3 2.8

Zn (ppm) 157.08 166.68 158.88 165 2.4 2.8 2.6

Ta ble 2. Mean and rel a tive stan dard de vi a tion (%RSD) for el e ments in Can ada Cen tre for
Min eral and En ergy Tech nol ogy (CANMET) sed i ment stan dard STSD-1, de ter mined by lab o -
ra to ries A, B and C by an aqua-regia di ges tion fol lowed by in duc tively cou pled plasma-mass
spec trom e try. The CANMET rec om mended means for STSD-1 are from Lynch (1990).
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