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Geological Fieldwork 2008

The pro vi sion of 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 2008 field sur veys and geoscience re search in a 34th 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

· New min er al iza tion was dis cov ered dur ing map ping pro grams in the Chezacut, Prince ton, Quesnel and 100 Mile
House ar eas, which raises sig nif i cantly the min eral po ten tial of sev eral underexplored ar eas in the Prov ince.

· The Sur vey has de vel oped a new cli ent-friendly da ta base called ‘Prop erty File’ to pro vide ac cess to more than 100 000
doc u ments. These unique re ports, maps and notes span more than 100 years of ex plo ra tion. Cur rently avail able on line
are 5200 doc u ments, in clud ing the Falconbridge col lec tion and 3000 mine plans.

· The BCGS com pleted its first surficial ge ol ogy and till sam pling pro gram in more than a de cade, in the re gion west of
Wil liams Lake that has been im pacted by the moun tain pine bee tle.

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

· Geo log i cal map ping near Kitimat con firmed the pres ence of a 30 km long vol ca nic belt with new po ten tial to host mas -
sive sul phide de pos its.

· The Sur vey has started work to wards pro duc ing value-added da ta base prod ucts that use cus tom ized al go rithms and
com puter soft ware to au to mate in ter pre ta tions. Work is cur rently fo cus ing on de fin ing catch ment bas ins for pro vin cial
re gional geochemical samples.

· In a year of un pre ce dent edly rapid mar ket de vel op ments across the in dus try, Sur vey staff, in clud ing those in the Van -
cou ver and re gional of fices, con trib uted up-to-date ex per tise to de ci sions at all lev els of gov ern ment, re sponded to cli -
ent in qui ries in con fi dence, and re ported on in dus try ac tiv ity in the Prov ince.

· The Sur vey re leased data for the Ter race re gion in an in ter ac tive dig i tal for mat with files for mat ted for MapPlace,
Google Earth® and GIS pro grams.

· The Sur vey con tin ued its Geoscience Stu dent Train ing Pro gram for mentoring ge ol ogy stu dents. In fis cal year 2008–
09, we hired more than 30 geoscience train ees, many of whom will go on to pro fes sional ca reers in in dus try.

· Sur vey ge ol o gists were or ga niz ers and pre sent ers at work shops on the pine bee tle af fected re gion and till sam pling, and
led a field trip on Van cou ver Is land for in dus try par tic i pants.

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 2008

by D.V. Lefebure, T. Demchuk, P. Erdmer, J. Fredericks and L. Jones

KEYWORDS: Geo log i cal Field work, MapPlace, mar ket -
ing, Min eral De vel op ment Of fice, geoscience as sis tants,
part ner ships, Brit ish Co lum bia Geo log i cal Sur vey,
geoscience ac tiv i ties, moun tain pine bee tle

INTRODUCTION

This re port is an over view of the op er a tions of the Brit -
ish Co lum bia Geo log i cal Sur vey (BCGS) in 2008, pre -
pared by the Chief Ge ol o gist and man age ment team. The
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 of all Brit ish
Columbians. We ac com plish this by pro vid ing glob ally
com pet i tive geoscience ex per tise and data to at tract min -
eral in dus try in vest ment, ad vice to gov ern ment on land-use 
de ci sions and geoscience information to the public.

The BCGS had an other ac tive year with 11 sep a rate
crews in the field; on go ing prog ress in de liv er ing
geoscience data to in dus try, gov ern ment and other cli ents;
and sig nif i cant col lab o ra tion and in ter ac tion with other
agen cies. We com pleted ag gre gate and geoscience da ta -
base pro jects with the Re source De vel op ment and
Geoscience Branch, Min is try of En ergy, Mines and Pe tro -
leum Re sources (MEMPR). 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 Nations, local communities and
industry.

Geoscience BC, a key part ner of the BCGS, has be -
come an in creas ingly ac tive or ga ni za tion that is gen er at ing
abun dant new geo phys i cal, geo chem i cal and other
geoscience data. Spe cific pro jects in volv ing both
Geoscience BC and the BCGS in part ner ship dur ing 2008
are till sam ple reanalysis near Babine Lake, re gional geo -
chem i cal sam ple reanalysis in the Ter race area and up -
loading all Geoscience BC data on MapPlace.

The BCGS con tin ued its long col lab o ra tion with the
Geo log i cal Sur vey of Can ada (GSC) in a num ber of field
pro grams, in clud ing tech ni cal as sis tance to the Tar geted
Geoscience Ini tia tive in south ern and cen tral B.C. The
BCGS also con tin ued its ac tive sup port of the Na tional
Geo log i cal Sur veys Com mit tee and the Com mit tee of
Provincial Geologists.

2008 GEOLOGICAL FIELDWORK
VOLUME

The lo ca tions of field pro jects in the prov ince are
shown in Fig ure 1. In ad di tion to the con tin u ing multiyear
pro jects, new pro jects ini ti ated in 2008 in clude surficial
map ping in the Chil cotin re gion (Ferbey et al., 2009)1 bed -
rock map ping near Prince ton (Massey et al., 2009) and
stud ies re lated to geo chem is try (Lett and Doyle, 2009;
Patterson et al., 2009) and in dus trial min er als (Simandl and
Paradis, 2009).

The BCGS con tin ues to ad dress the im pact of the
moun tain pine bee tle in fes ta tion in the cen tral in te rior of
the prov ince by ex pand ing its 2006–2008 map cov er age in
this re gion. De spite its un tested min eral po ten tial, B.C.’s
cen tral in te rior has been underexplored in part due to wide -
spread gla cial de pos its and young vol ca nic cover rocks
blan ket ing the area. 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,
which can lead to po ten tial new mines. In other 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.

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. 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, geo chem i cal and
geophysical surveys, among others.

New maps and data lay ers on MapPlace in clude

· Nechako NATMAP Pro ject dig i tal geoscience in for -
ma tion for cen tral B.C. in the fol low ing NTS map ar -
eas: Man son River (093N), Fort Fra ser (093K),
Nechako River (093F), Prince George (093G/W),
Smithers (093L/09, 16) and Hazelton (093M/01, 02,
07, 08). The data are from the GSC (Open File 5623),
the BCGS (Open File 2007-10), uni ver si ties and in -
dus try. The the matic MapPlace map re lated to this pro -
ject can be found at http://www.empr.gov.bc.ca/
Mining/Geoscience/MapPlace/thematicmaps/Pages/n
echakoNATMAP.aspx; and

· a Ter race ge ol ogy and metallogeny com pi la tion map,
re leased as GeoFile 2008-11, which in cludes ESRI
shape files, orig i nal Man i fold map files and KML files
for dis play in Google Earth. The in ter ac tive map for
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1 All reference citations are to other papers in this volume.

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.
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G e o F i l e  2 0 0 8 - 11  c a n  b e  f o u n d  a t  h t t p : / /
www.empr.gov.bc.ca/Mining/Geoscience/MapPlace/t
hematicmaps/Pages/Terrace.aspx.

Geoscience BC data added to MapPlace in 2008 in -
clude

· QUEST and QUEST-West air borne grav ity data;

· a reanalysis of 2253 stream sed i ment pulps from a
1978 BCGS sur vey of the Ter race and Prince Rupert
map ar eas (NTS 103I and part of 103J);

· stream sed i ment and wa ter geo chem i cal data for 906
sam ples from the Pine Pass map area (NTS 093O);

· infill lake sed i ment and wa ter sur vey data from more
than 1800 sites in NTS map ar eas 093G, J, N and O, and 
part of 093K;

· a reanalysis of 3976 stream sed i ment pulps from NTS
map ar eas 093A, B, G, H, N and K;

· rock prop erty data for 11 582 sites, dis play ing mag -
netic sus cep ti bil ity, den sity and elec tri cal con duc tiv ity
mea sure ments; and

· SpecTIR hyperspectral im ag ery and new tools for the
Im age Anal y sis Tool box, which can be found at
http://www.empr.gov.bc.ca/Mining/Geoscience/Map
Place/MainMaps/Exploration/Pages/IAT.aspx.

Databases

In 2007 and 2008, con sid er able prog ress was made in
pop u lat ing the Prop erty File da ta base, which in cludes doc -

u ments do nated to the MEMPR by in di vid u als and com pa -
nies that span more than 150 years. There are about 100 000 
doc u ments avail able in hard copy and many of these are the
only copy in ex is tence. Ap prox i mately 25 000 of these
have now been in dexed and scanned. Doc u ments cur rently
avail able on the Prop erty File search ap pli ca tion (http://
propertyfile.gov.bc.ca) in clude 400 items from the Falcon -
bridge col lec tion, 1800 from the Li brary collection and
3000 mine plans.

Us ers can now ac cess 100% of 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. The num ber of off-
con fi den ti al ity as sess ment re ports for 2008 was 796.

Mineral Resource Evaluations

The In te grated Land Man age ment Bu reau of the Min -
is try of Ag ri cul ture and Lands asked the BCGS to un der -
take a Level 2 Min eral Re source As sess ment of the Atlin-
Taku land-use plan ning area in 2008. This area en com -
passes ap prox i mately 4 mil lion hect ares in north west B.C.
The re source as sess ment was car ried out by ex perts in Sep -
tem ber 2008 (Fig ure 2) and fi nal re sults were pre sented at a
land-use plan ning work shop held in Atlin in November
2008.

Over the past year, BCGS staff pro vided as sess ments
of the min eral re source po ten tial of dif fer ent ar eas of B.C.
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.

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

Fig ure 1. Brit ish Co lum bia Geo log i cal Sur vey 2008 field pro gram ar eas.
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TECHNICAL MARKETING AND THE BC
MINERAL DEVELOPMENT OFFICE

The staff of the BCGS played ac tive roles as pre sent ers
and or ga niz ers at con fer ences and events showcasing
B.C.’s min eral po ten tial. This in cluded pre sen ta tions, post -
ers and booths at the Min eral Ex plo ra tion Roundup, the
Kamloops Ex plo ra tion Group Con fer ence, and the Min er -
als North and Min er als South con fer ences. The BCGS staff
played key tech ni cal and or ga ni za tional roles for the Min is -
try-led Asia trade mis sion in No vem ber. The BCGS staff
also con trib uted to the or ga niz ing and pre sen ta tions at a
moun tain pine bee tle Geoscience Work shop in Kamloops
and a till prospecting work shop in Smithers (Fig ure 3). A
field trip across north ern Van cou ver Is land was or ga nized
as part of the 2008 Goldschmidt Geo chem is try Con fer ence
in Van cou ver.

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
min eral po ten tial and user-friendly geoscience da ta bases.
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
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
provides leadership in government–mineral-industry trade
missions.

PUBLICATIONS

Over the past year, the BCGS pub lished Geo log i cal
Field work 2007, 10 Open File maps and re ports, 1
Geoscience Map, 13 GeoFile maps, re ports and data files
and 2 In for ma tion Cir cu lars. Staff also pub lished ar ti cles in
ex ter nal jour nals. The BCGS pro cessed more than 600 as -
sess ment re ports for tenure maintenance.

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 2007 and Brit ish Co lum bia Mines and Min eral Ex -
plo ra tion Over view 2007 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, the Min eral Ex plo ra tion Review and The Northern 
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

In 2008, three pro fes sional staff with long ca reers at
the BCGS left to pur sue other op por tu ni ties. Dani Alldrick
re tired af ter more than 24 years as a re gional map per and
min eral de pos its se nior ge ol o gist. The Director of
Geoscience Ini tia tives, Brian Grant, be came Pres i dent of
Goldbrook Ven tures Inc. The Director of Re source In for -
ma tion, Gib McArthur, re tired af ter mak ing nu mer ous con -
tri bu tions to the pro vin cial geoscience database and related
tools.

New staff mem bers hired for the BCGS in late 2007
and in 2008 are

· Tania Demchuk, who is tak ing on the new po si tion of
Man ager, Geoscience Mar ket ing and Part ner ships;

· Philippe Erdmer, who joined us as in terim Di rec tor,
Geoscience Ini tia tives Sec tion;

· Travis Ferbey, who joined us as Qua ter nary Ge ol o gist;
· Jay Fredericks, who is the new Di rec tor, BC Min eral

De vel op ment Of fice in Van cou ver; and
· Tasneem Pirani, who works as Fi nance and Man age -

ment Ad min is tra tive As sis tant.

Staff pro mo tions were
· Larry Jones, who is now Di rec tor, Re source In for ma -

tion; and
· Kirk Han cock, who be came MapPlace Re source

Geoscientist.

GEOSCIENCE ASSISTANT PROGRAM

The MEMPR has part nered with uni ver si ties and col -
leges since the 1940s to ed u cate and in spire geoscience stu -
dents and re cent grad u ates. With its 23 per ma nent staff as
pro fes sional men tors, the BCGS hired a to tal of 61 stu dents
and re cent grad u ates over the past two years (Fig ure 4).
These pro fes sion als in train ing have al lowed us to de liver a
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Fig ure 2:  Ex perts dis cuss ing the min eral re source po ten tial of a
tract in the Atlin-Taku land-use plan ning area.

Fig ure 3. Field trip stop for the Smithers till pros pect ing work shop
led by BCGS and GSC staff. 
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con sid er ably en hanced geoscience pro gram. The MEMPR
ge ol o gists play a key role in help ing the stu dents de velop
aware ness of their pro fes sion, work place and expected
standard of excellence.

As in past years, some stu dents use geoscience data
col lected dur ing field work to com plete a bach e lor’s or mas -
ter’s the sis. This main tains the on go ing part ner ship among
BCGS staff, stu dents and uni ver sity re search ers, which
pos i tively im pacts the train ing and mentorship ex pe ri ence
for the students.

The MEMPR of fers one of the best ca reer-ori ented stu -
dent em ploy ment pro grams in the prov ince in any field. It
in cor po rates a full cir cle of learn ing in which lead ing
geoscientists share their pas sion, ded i ca tion and com mit -
ment with ju nior col leagues in the ser vice of Brit ish
Columbians. Pre vi ous gen er a tions of gov ern ment ge ol o -
gists sim i larly helped to day’s men tors train for their own
careers.

MOVING FORWARD: HIGHLIGHTS

The BCGS will con tinue field and da ta base pro jects in
the com ing year, in clud ing an em pha sis on pro gress ing
with Prop erty File and con tin u ing to sup port MEMPR’s
Asia-Pa cific ini tia tive. New pro jects are be ing started with
part ner or ga ni za tions to col lect and dis trib ute geoscience
in for ma tion about the prov ince, in clud ing the EDGES pro -
ject and an up dated ge ol ogy map for the Bee tle-Im pacted
Zone in cen tral B.C. between Williams Lake and Mac ken -
zie.

Property File

The Prop erty File doc u ments and da ta base will be a
pri or ity for the BCGS Re source In for ma tion Sec tion for the 
next sev eral years, with all doc u ments planned to be in -
dexed, scanned and posted to the Internet. The doc u ments
will be linked to MINFILE through the MINFILE bib li og -
ra phy. The MEMPR li brary hold ings will be in cluded, as
well as the fol low ing col lec tions (year ac quired, num ber of
items where known are shown in pa ren the ses): Starr (1999,
159), Placer Dome (1999, 1433), Pros pec tor’s Pit (1994–
2001, 406), Chev ron (2001, 1107), Cy prus-An vil (2004,
1100), Sherwin Kelly (2004), Rimfire (2006, 2500),

Samatosum mine (2008, 400), Eskay Creek mine (2008,
520) and J. Cam Ste phen (2008, 50 un cata logued of fice
boxes). When com pleted, this pro ject will place ap prox i -
mately 100 000 doc u ments on line for free ac cess by us ers
such as pros pec tors, ex plo ra tion geologists, researchers,
geoscientists and others.

Marketing Coal and Minerals to the Asia-
Pacific Region

The MEMPR im ple mented an ac tive Asia-Pa cific
mar ket ing strat egy to at tract di rect in vest ment from Asian
in ves tors to ex plo ra tion and min ing pro jects in B.C. Key
sell ing points are B.C.’s rich ge ol ogy, ex pert geoscience in -
for ma tion, user-friendly 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 in ves -
tors through the BC Mineral Development Office in
Vancouver.

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 B.C.’s min eral in dus try. The BCGS is a con tin u ing part
of the MEMPR Asia-Pa cific ini tia tive. Against the back -
drop of cur rent global fi nan cial vol a til ity, coun tries such as
the Peo ple’s Re pub lic of China, Ko rea and Ja pan are more
im por tant than ever as business partners.

EDGES: Modelling the Evolution of the
Northern Cordillera Resource Environment
from the Edges of Exotic Terranes

The Geoscience for En ergy and Min er als (GEM)
EDGES pro ject 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 at the
work ing level 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 Geo log i cal and Geo phys i cal Sur -
veys. It be gan field op er a tions in 2008 in the Yu kon, it will
last un til 2013, and it is par tially funded by the fed eral GEM 
pro gram. Sup port is being contributed by all participating
agencies.

The goal 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 B.C., the Yu kon and
Alaska. The geo log i cal tar gets are the ex otic outer ter ranes
with their en closed preaccretionary 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
western margin of ancient North America.

The tar get ar eas in clude parts of north ern and cen tral
B.C. where the geo log i cal map base is ei ther sev eral de -
cades out of date or at a large scale that is in suf fi cient to
eval u ate min eral po ten tial us ing mod ern tec tonic in ter pre -
ta tions. The BCGS will start its field pro grams in con junc -
tion with the GSC and Geoscience BC in 2009.
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Fig ure 4. Geoscience as sis tant, April Bar rios, from field crews
work ing in the Bee tle-Im pacted Zone (BIZ) near Merritt.



Beetle-Impacted Zone BC GeoMap Update

Ge ol o gists from the BCGS (Jim Lo gan, Mitch Mihal -
ynuk, Jo Anne Nel son and Paul Schiarizza) and Fil Ferri
(Re source De vel op ment and Geoscience Branch of
MEMPR) will up date the pro vin cial dig i tal geo log i cal map
cov er age at 1:100 000 scale for the Quesnel Trough area in
2009. They will col lab o rate with the Geo log i cal Sur vey of
Can ada (Bert Struik and others) to in te grate all bed rock
map ping and geo phys i cal and geo chem i cal data to in ter pret 
bed rock ge ol ogy in areas with significant glacial
overburden.

The Quesnel Trough has been heavily im pacted by the
moun tain pine bee tle in fes ta tion and is part of the Bee tle-
Im pacted Zone (BIZ) that has been tar geted by the BCGS
with field pro grams for the last three years. The prov ince’s
dig i tal ge ol ogy map (BC GeoMap) is used by nu mer ous in -
dus try and gov ern ment clients.

Geoscience BC is an ac tive part ner on this pro ject.
Their new da ta bases for the QUEST pro ject will play a key
role in up dat ing the BC GeoMap, as will their staff and con -
trac tors.

NEED MORE INFORMATION? WANT TO
COMMENT?

The BCGS staff has 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/Pag
es/default.aspx.

We al ways ap pre ci ate your in put re gard ing our many
pro grams and ac tiv i ties. Please email us at Geological.
Survey@gov.bc.ca or call us at (250) 952-0429.
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 Ter race Re gional Map ping Pro ject, Year 4: Ex ten sion of Pa leo zoic Vol ca nic
Belt and In di ca tors of Volcanogenic Mas sive Sul phide–style Min er al iza tion

near Kitimat, Brit ish Co lum bia (NTS 103I/02, 07)

by J.L. Nelson

KEYWORDS: Ter race, Kitimat, Stikinia, re gional ge ol ogy,
VMS, Pa leo zoic, Telkwa, Coast Moun tains, Skeena River

INTRODUCTION

This pa per re ports on re sults from the fourth and fi nal
year of the Ter race re gional map ping and min eral po ten tial
eval u a tion pro ject. Map ping in the vi cin ity of Wil liams and
Chist creeks in 2007 led to the dis cov ery of pre vi ously un -
rec og nized Pa leo zoic vol ca nic rocks, the Mt. Attree vol ca -
nic com plex, which con tains broad zones of syngenetic al -
ter ation (quartz-seri cite schist) and lo cal oc cur rences of
volcanogenic sulphides (McKeown et al., 2008; Nel son et
al., 2008a). Given the north east-trending struc tural grain of 
the area, it seemed pos si ble that both the Pa leo zoic hosts
and the belt of volcanogenic mas sive sul phide–re lated min -
er al iza tion could ex tend be neath the gla cial de pos its of the
Ter race-Kitimat val ley and into the east ern Coast Moun -
tains. Thus, it was de cided to con clude the pro ject with re -
con nais sance map ping in this area, fo cused on meta vol can -
ic units iden ti fied in ear lier re gional cov er age (Woods worth
et al., 1985; Heah, 1991).

Geo log i cal map ping in July and Au gust of 2008 cov -
ered the Ter race-Kitimat val ley be tween the Skeena River
and Kitimat, and ad ja cent moun tain ous ar eas and the
Skeena River val ley to the west. Low land tra verses were
done by truck and by foot; in gen eral, log ging op er a tions in
these ar eas date from the 1970s through to the early 1990s,
and roads are re vert ing to dense lin ear stands of small al -
ders. An A-Star he li cop ter was used to ac cess the more re -
mote ridges; from a base at the Ter race air port typ i cal set-
out times were around 25 minutes round trip.

The most im por tant new geo log i cal and ex plo ra tion-
re lated ob ser va tions in clude

· the Pa leo zoic meta vol can ic unit and its strati -
graphically over ly ing, dis con tin u ous Lower Perm ian
lime stone both ex tend west and south west into the
Coast Moun tains in the core of a broad, re gional,
north east-trending anticline;

· the an ti cli nal struc ture pre dates north west-strik ing,
north east-side-down nor mal faults such as the Shames
River and Amesbury Creek faults, which in turn are
trun cated by more north erly faults of the Kitsum -
kalum-Kitimat graben (Fig ure 2);

· the three base-metal sul phide min eral show ings north -
west of Kitimat show char ac ter is tics of volcanogenic
mas sive sul phide (VMS) feeder zone sys tems; one
con tains abun dant bar ite (Billy Bar ite, MINFILE
103I  217; MINFILE, 2008), and all have as so ci ated
prekinematic quartz-seri cite al ter ation; and

· the lo cal north east erly fo li a tion-par al lel ori en ta tions
of these zones, as well as the con ti nu ity of trend with
the Ga zelle min er al iza tion iden ti fied in 2007, which
sug gest that they form a sin gle belt of VMS-style min -
er al iza tion, prob a bly con trolled by a penecon tem po ra -
ne ous seafloor struc ture.

PREVIOUS WORK

The area cov ered in 2008 was pre vi ously mapped at
1:125 000 scale by Woodsworth et al. (1985). The Skeena
River val ley west of Ter race was mapped at 1:50 000 scale
in the course of M.Sc. the sis work by Heah (1991). As sess -
ment re port map ping at 1:20 000 scale by Belik (1987) in
the Pa leo zoic belt north west of Kitimat was of great aid in
lo cat ing over grown show ings and key outcrops.

GEOLOGY

Overview

The Ter race-Kitimat area lies within the cen tral west -
ern Stikine terrane (Wheeler et al., 1991), which con sists of
su per im posed is land arc build ups of mid-Pa leo zoic
through mid-Ju ras sic age, over lain by postcollisional
clastic strata of the Bow ser Ba sin. Re gional ge ol ogy of the
area, com piled from 1:20 000 scale map ping in 2005–2008, 
shows Pa leo zoic to Lower Ju ras sic vol ca nic and re lated
units in truded by the Early Ju ras sic Kleanza pluton, all of
them over lain to the north and east by the mid-Ju ras sic
Smithers For ma tion and Troy Ridge fa cies, and Up per Ju -
ras sic and youn ger Bow ser siliciclastic units (Fig ure 2).
The south ern mar gin of the Bow ser Ba sin is de fined by the
Skeena arch, which formed a top o graphic high in Ju ras sic–
Cre ta ceous time and shed de tri tus north wards into the ba sin 
(Tip per and Rich ards, 1976; Nel son and Ken nedy, 2007).
Abun dant Cre ta ceous and youn ger plutons in the area
represent the eastern part of the Coast Plutonic Complex.

In the moun tains south east of Ter race, vol ca nic, vol -
caniclastic and over ly ing car bon ate strata of the Perm ian
and older Zymoetz Group are over lain by ex ten sive ex po -
sures of the Early Ju ras sic Telkwa For ma tion (Fig ure 2).
The se quence is de formed into a broad, re gional north east -
erly anticline cored by the pre-Perm ian Mt. Attree vol ca nic
com plex. This re gional struc tural cul mi na tion plunges to
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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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the north east; thus the deep est struc tural lev els are ex posed
on peaks that flank the deep val ley be tween Ter race and
Kitimat (Angen, 2009). The val ley it self is oc cu pied by a
com plex graben struc ture, the Kitsumkalum-Kitimat
graben (Fig ure 2). Far ther west, pre-Perm ian vol ca nic units 
are found on the east ern slopes of Mt. Clague near Kitimat
and on Nash Ridge west of the Ter race air port. These west -
ern Pa leo zoic vol ca nic rocks are dom i nated by opal ine
quartz-phyric dacite and fine-grained greenstone; they are
un like the an de site-dom i nated, plagioclase- and clino -
pyroxene-phyric vol ca nic se quences near Wil liams and
Chist creeks. It is likely that they were the products of
separate but coeval volcanic centres.

Stratified Units

ZYMOETZ GROUP

The name Zymoetz Group was pro posed by Nel son el
al. (2006a) for a sec tion of Pa leo zoic volcanogenic and ma -
rine sed i men tary strata over lain by Perm ian lime stone,
which out crops be tween the lower Zymoetz River val ley
north east of Ter race and the lower reaches of Chist Creek.
The Zymoetz Group is di vided into two units: a lower,
volcanogenic unit, the Mt. Attree vol ca nic com plex, over -
lain by Lower Perm ian lime stone that is age equiv a lent to,
and cor re la tive with, the Am bi tion For ma tion of Gun ning
et al. (1994). In 2008, both of these units were traced west
and south across the broad gla cial val ley be tween Ter race
and Kitimat, to ex po sures along the Skeena River and south 
into the east ern Coast Mountains (Figures 2, 3).

Mt. Attree Vol ca nic Com plex

This unit was named for Mt. Attree, a prom i nent sum -
mit on the ridge be tween the Zymoetz River and Wil liams
Creek (Nel son et al., 2008a). The dom i nant com po si tion on 
the ridge is andesitic, as flows and pyroclastic and
epiclastic beds. Far ther south from the height of land be -

tween Wil liams and Chist Creek, it also con tains rhy o lite
and dacite and a thin in ter val of vol ca nic-de rived
sedimentary strata.

Greenschist-fa cies meta vol can ic rocks prob a bly
equiv a lent to the pre vi ously de fined Mt. Attree vol ca nic
com plex oc cur near the Skeena River west of Ter race, ex -
tend ing south wards onto Nash Ridge, near the Wedeene
River and on Mt. Clague near Kitimat (Fig ure 3). Typ i cally
in these ex po sures, opal ine quartz-phyric dacite (Fig ure 4a, 
b) is interlayered with metabasaltic (?) greenstone. The
dacite rep re sents both tuff (Fig ure 4a) and re lated high-
level por phy ritic in tru sions (Fig ure 4b). In some in stances,
well-pre served pri mary volcaniclastic tex tures al low iden -
ti fi ca tion of pyroclastic an de site and rhy o lite-dacite brec -
cia (Fig ure 4c). More com monly, the quartz-phyric dacite
ap pears as chlorite-actinolite schist with round rel ict quartz 
pheno crysts. Py ritic quartz-seri cite schist oc curs on Nash
Ridge and near Bowbyes Lake north of Kitimat.

The dat ing of these rocks as Pa leo zoic is based on pre -
lim i nary ev i dence. They lie on struc tural trend with the Mt.
Attree vol ca nic com plex as pre vi ously de fined; they share
char ac ter is tic lithological fea tures, meta mor phic grade and
north east erly struc tural ori en ta tions. Heah (1991) re ported
a ca. 331–317 Ma U-Pb age from metatonalite within the
unit north of the Skeena River, and there are un pub lished
U-Pb data in di cat ing pos si ble Mis sis sip pian age from
north west of Kitimat (G. Woodsworth, pers comm, Jan u ary
2008). Sev eral sam ples were collected this year for new U-
Pb dating.

Am bi tion For ma tion

Fossiliferous Perm ian lime stone out crops in an east-
strik ing belt be tween the Old Remo Road and the Skeena
River. Far ther south near Lakelse Lake, mar ble forms part
of sev eral roof pen dants less than 1 km in scale. It is cor re -
lated with the Am bi tion For ma tion as de fined lo cally (Nel -
son et al., 2008a). Its strati graphic con text is seen clearly
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Figure 1. Lo ca tion of 2005–2008 geo log i cal map ping near Ter race, BC.



along a log ging cut west of Mt. Herman, where it is over lain 
by a se quence typ i cal of the Tri as sic sed i men tary unit and
Ju ras sic Telkwa volcaniclastic rocks. Ovoid, centi metre-
scale wollastonite patches in the mar ble re sem ble chert
blobs in unmetamorphosed Perm ian limestone east of Mt.
Remo.

On the lower slopes of the moun tain east of Shames
River, well-bed ded, pure to im pure, si li ceous mar ble in ter -
venes be tween Pa leo zoic, mainly in tru sive rocks and the
Telkwa For ma tion (Heah, 1991). This is also re garded as
cor re la tive with the Am bi tion Formation.

Duffell and Souther (1964) showed a broad, kilo metre-
scale band of mar ble on the west ern side of Fire Moun tain
north east of Kitimat. In tra vers ing this area, we found only
a very small mar ble pod ap par ently sur rounded by diorite
and gab bro. Nearby chlorite schist and greenstone are cor -
re lated with the Mt. Attree vol ca nic complex.

TRIASSIC SEDIMENTARY STRATA

A thin unit of dark, thin-bed ded, fine-grained sed i men -
tary strata oc curs be tween the Perm ian lime stone and over -
ly ing andesitic volcaniclastic rocks at two lo cal i ties within
the val ley south of Ter race, one along a log ging spur west of 
Mt. Herman and an other on a low hill east of Old Remo
(Fig ure 2). The Mt. Herman lo cal ity is part of a roof pen -
dant sur rounded by diorite and gab bro of prob a ble Early
Ju ras sic age. North east-strik ing, thick-bed ded pure mar ble
is over lain on a sharp con tact by 200 m of thin-bed ded
black si li ceous hornfels. The beds are py ritic and coated
with rusty iron-ox ide weath er ing prod ucts. Their protoliths 
in cluded chert, si li ceous siltstone and lesser cal car e ous
siltstone. They are over lain on a sharp con tact by green tuff
of the basal Ju ras sic Telkwa For ma tion. Al though no fos -
sils were found at this lo cal ity, the se quence of lime stone,
thin-bed ded dark sed i men tary strata and green volcani -
clastic beds is iden ti cal to well-ex posed and well-dated se -
quences along the Zymoetz River (Nel son et al., 2008a). As 
is the case there, the chert-argillite unit rep re sents a thin,
basinal Tri as sic fa cies that con trasts strongly with thick
vol ca nic se quences in the Stuhini Group farther north and
east within the Stikine terrane.

The Old Remo lo cal ity has been de scribed pre vi ously
by Mihalynuk (1987). It is atyp i cal of the Tri as sic sec tion
seen else where near Ter race. A small quarry pit near Kozar
Road ex poses monolithologic ba salt brec cia with en trained 
ir reg u lar, con torted in clu sions of thin-bed ded, black si li -
ceous and cal car e ous argillite (Fig ure 5a, b). The ba salt
brec cia is gen er ally finely comminuted, with most clasts in
the centi metre range. Ba salt clasts within it con tain well-
formed, abun dant augite pheno crysts in a glassy ma trix.
Both ma trix and clasts are flooded by car bon ate. The sed i -
men tary in clu sions range in size from subcentimetre wisps
to decimetre blocks. The large in clu sions are cha ot i cally
folded (Fig ure 5a). Their mar gins are ir reg u lar and wavy,
with fine-scale pen e tra tion of the ba salt ma trix into lam i -
nated argillite (Fig ure 5b). As noted by Mihalynuk (1987),
the tex tures at this out crop are con sis tent with vol ca nism in
a ma rine en vi ron ment, in cor po rat ing wet, unlithified sed i -
ment into a pyroclastic brec cia. The strong car bon ate al ter -
ation of the basalt and the wispy basalt-sediment contacts
are typical of peperite texture.

The depositional re la tion ship be tween Tri as sic ba salt
and sed i men tary strata at the Old Remo pit is unique within
the Ter race area. In ev ery other ex po sure, the Tri as sic unit
con tains no vol ca nic ma te rial, and is over lain un con form -

ably by basal con glom er ate and an de site brec cia of the
Telkwa For ma tion (Nel son et al., 2006a, 2008). North of
the Zymoetz River, an gu lar chert clasts in the con glom er ate 
re cord in cor po ra tion af ter lithification (Fig ure 5c). More -
over, the basal un con formity of the Telkwa For ma tion cuts
through the Tri as sic unit, across the Perm ian lime stone and
down into the up per part of the Mt. Attree vol ca nic com plex 
(Nel son et al., 2008a). There fore, it is most likely that the
ba salt east of Old Remo rep re sents a unique oc cur rence
within the Triassic section, rather than a precursor of
Telkwa volcanism.

TELKWA FORMATION (HAZELTON GROUP)

The Lower Ju ras sic Telkwa For ma tion is ex posed in
sev eral lo cal i ties in the val ley south of Ter race (Fig ure 3).
On the log ging spur west of Mt. Herman, basal Telkwa beds 
are mainly fine-grained green tuff and tuffaceous grey -
wacke, with a few in stances of andesitic lapilli tuff. On hills 
and in roadcuts south east of Old Remo, co her ent dacite and
dacite brec cia oc cur. They dif fer from Pa leo zoic dacite in
that they have aphyric to small plagioclase-phyric tex ture,
iden ti cal to those in the main Telkwa ex po sures far ther east
(Fig ure 6). They do not con tain quartz eyes, nor are they as -
so ci ated with greenstone. They are sim i lar to Telkwa dacite
ex posed along High way 17 at the south ern end of
Kitsumkalum Moun tain and on the west bank of the
Zymagotitz River.

The wes tern most out crop along High way 17 that is
com pa ra ble to other Telkwa ex po sures lies east of the
Amesbury Creek fault (Fig ure 3; 08JN27-03; UTM Zone 9, 
514933E, 6036012N, NAD83). It con sists of large-clast
an de site brec cia in which clasts con tain milli metre-scale
plagioclase pheno crysts, and augite-phyric ba salt. Epidote
patches and vein net works are prom i nent. Out crops west of
Amesbury Creek con sist of greenstone and metadiorite of
un known age and pos si ble subvolcanic or i gin, as well as
abun dant coarser plutonic rock types. No ev i dence was
found to ex tend the Telkwa For ma tion west of the Ames -
bury Creek fault.

Intrusive Rocks

The re gion be tween Ter race and Kitimat is mainly un -
der lain by plutonic bod ies (Fig ure 3). They vary from gab -
bro and lo cal ultramafite to true gran ite; their in ferred ages
range from pos si bly Pa leo zoic, through Early Ju ras sic, to
Eocene. As there are few pub lished U-Pb dates from the
area, the very ten ta tive age as sign ments that are of fered
here are based on lithological cor re la tion and in some cases
sim i lar ity of meta mor phic grade and state of strain with
dated bod ies (in clud ing R. Fried man, pers comm, Sep tem -
ber 2008). There is clear op por tu nity in this area for a more
de tailed study of these in tru sions than was pos si ble within
the scope of this pro ject, which fo cused on stratified rocks
and their enclosed deposits.

PALEOZOIC INTRUSIONS

De formed plutonic rocks out crop ex ten sively on the
north side of the Skeena River, east of the Shames River
fault. They in clude tonalite, diorite and mi nor gab bro. At
least some units are of Pa leo zoic age, as is shown by a Late
Mis sis sip pian U-Pb zir con date of 331–317 Ma on a fo li -
ated metatonalite re ported by Heah (1991). Fo li ated
tonalite and gran ite on the north side of Wil liams Creek
south east of Ter race, de scribed by Nel son et al. (2008a), are 
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Fig ure 2. Ge ol ogy of the Ter race area, com piled from field map ping at 1:20 000 scale in 2005–2008 (Nel son et al., 2006b, 2007, 2008b), with ad di tional data from Woodsworth et al. (1985) and
Heah (1991).



also Late Mis sis sip pian (R. Fried man, U-Pb zir con data,
pers comm, Sep tem ber 2008), sug gest ing that they are part
of the same suite. In con trast to youn ger plutonic bod ies
north east of the Shames River fault, these Pa leo zoic in tru -
sions are dy nam i cally meta mor phosed. Meta mor phic
grades are up per greenschist to lower am phi bo lite. Syn-
and postkinematic hornblende, in dic a tive of rel a tively
higher-tem per a ture, am phi bo lite-grade con di tions, occurs
in a few localities within their westernmost extent.

West of Kitimat, fo li ated quartz-eye dacite and
greenstone of prob a ble Pa leo zoic age (see de scrip tion
above) are interlayered with fo li ated quartz-eye tonalite
and diorite. They prob a bly rep re sent a suite of cogenetic in -
tru sions and ex tru sive rocks. Opal ine quartz pheno crysts
are iden ti cal in vol ca nic and plutonic rocks, and lith o logic
con tacts are trans posed into the fo li a tion. A sam ple of
metatonalite has been col lected for U-Pb dat ing. As this
vol ca nic-in tru sive unit is traced west onto Mt. Clague, the
ex tru sive com po nent dis ap pears and coarser metagabbro
and metapyroxenite be come prom i nent to gether with
tonalite and diorite. Along strike to the north, be tween
Raley and Dahl creeks, is a meta mor phosed mafic com plex
of diorite, gab bro, plagioclase and augite por phyry, and
plagiogranite. It is char ac ter ized by ex treme compositional
and tex tural vari a tions on a small scale, but an over all large-
scale ho mo ge ne ity. Con tacts be tween phases are highly ir -

reg u lar and nonplanar, sug gest ing co eval em place ment in a
subvolcanic en vi ron ment. A Pa leo zoic age is sug gested
based on its con ti nu ity with vol ca nic-in tru sive rocks near
Kitimat, and on the char ac ter is tic ir reg u lar shape of
plagioclase pheno crysts in andesitic phases, which closely
re sem ble those in porphyritic andesite of the Mt. Attree
volcanic complex near Williams Creek (Figure 7).

Meta mor phosed lay ered gab bro, peridotite and
clinopyroxenite oc cur in a 500 m wide inlier sur rounded by
youn ger in tru sive rocks on the north side of Hirsch Creek
near the south east ern cor ner of the map area (Fig ure 3).
Augite is pseudomorphed by coarse crys tal line actinolite,
and ol iv ine has been con verted to ser pen tine and talc. This
body is ten ta tively as signed a Pa leo zoic age by cor re la tion
with the mafic com plex de scribed above, and from its per -
va sive greenschist meta mor phism, which is not seen to af -
fect the known Early Ju ras sic and younger intrusive bodies.

EARLY JURASSIC INTRUSIVE ROCKS

Unmetamorphosed diorite, microdiorite, granodiorite, 
gab bro and mi nor hornblendite un der lie large parts of the
val ley be tween Ter race and Kitimat. They oc cur on the hill
south east of the con flu ence of the Kitimat and Skeena
rivers, on Mt. Herman, along the Wedeene River, at the base 
of Iron Moun tain, on Fire Moun tain and in road out crops
within the town of Kitimat. Ex cept for the microdiorite, this 
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Figure 3. Ge ol ogy of the Ter race-Kitimat val ley and ad ja cent Coast Moun tains, com piled from 1:20 000 field maps com pleted in 2008 and
data from Woodsworth et al. (1985) and Heah (1991).



suite is coarse grained and equigranular to some what in -
equigranular. Tran si tional con tacts be tween coarse-
grained phases in di cate that this suite prob a bly forms a sin -
gle large pluton that cooled at sig nif i cant depth. In one in -
stance of pos si ble subvolcanic char ac ter, in tru sive brec cia
tex tures are well de vel oped along the log ging road on the
west side of the hill near the Kitimat-Skeena con flu ence,
near an as sumed in tru sive con tact with the Telkwa dacite.
Hornblendes in all phases of the suite are fresh. Augite,
where pres ent, ap pears actinolized. For the most part, these
rocks are undeformed, ex cept for brit tle shear ing in out -
crops in Kitimat, pos si bly due to lo cal fault ing. Tex tural
and compositional vari abil ity char ac ter ize this suite, al -
though not to the same de gree as in the Raley-Dahl mafic
com plex (see above). In di vid ual phases oc cur on hun dred
metre to kilo metre scales. The compositional range from
gab bro to granodiorite, as well as the over all tex tures and
pres ence of char ac ter is tic phases like microdiorite and
coarse hornblendite, all sup port cor re la tion with the Early
Jurassic Kleanza pluton, exposed north and east of the
current area (Figure 2).

A body of fresh, coarse-grained, weakly fo li ated
hornblende-bi o tite tonalite and diorite in trudes the Pa leo -
zoic (?) metaintrusive com plex near the sum mit of Mt.
Clague. It con tains decimetre-scale rafts of strongly fo li -
ated greenstone. It was emplaced, there fore, af ter the de vel -
op ment of the trans po si tion fo li a tion in older rocks, but was 
af fected by re gional north east erly de for ma tion. It may be
Early Ju ras sic, or even Cre ta ceous in age. A sam ple has
been collected for U-Pb dating.

Large ar eas west of the Shames River fault are un der -
lain by gneissic granodiorite and diorite, dated at ca.
188 Ma by U-Pb in zir con (Heah, 1991). This is some what
youn ger than dates ob tained from the Telkwa For ma tion
and Kleanza pluton, ca. 200–195 Ma (Gareau et al., 1997;
Nel son et al., 2008a).

LATE CRETACEOUS INTRUSIONS

Late Cre ta ceous, ca. 70 Ma granodiorite un der lies high 
ridges north of the Skeena River west of Ter race (Heah,
1991). A small body of quartz-rich granodiorite, tonalite
and diorite, also as sumed to be Late Cre ta ceous (Heah,
1991), out crops along the road south of the Skeena River,
west of the Lakelse River cross ing (Fig ure 2). This body is
weakly meta mor phosed in the lower greenschist fa cies. It
shows both lo cal duc tile and more prev a lent brit tle, north -
east erly foliations that are con gru ent with the stron ger fab -
rics in Pa leo zoic metadacite that it intrudes.

Slightly meta mor phosed and fo li ated granodiorite out -
crops on a hill lo cated 2.5 km east of the Lakelse River out -
let, op po site from the body de scribed above. It is in ferred to 
rep re sent a fault off set in the down-faulted val ley bot tom
(Fig ure 3). It in trudes weakly fo li ated Telkwa dacite, and
diorite and in tru sive brec cia of prob a ble Early Jurassic age.

A body of vari ably fo li ated quartz-rich granodiorite
and gran ite oc curs on Nash Ridge, where it in trudes Pa leo -
zoic meta vol can ic rocks. Heah (1991) con sid ered it to be
Late Cre ta ceous, a cor re la tion that is con sis tent with its com -
positional and tex tural re sem blance to in tru sions far ther north.

EOCENE INTRUSIONS

White gran ite and granodiorite out crop both east and
west of Lakelse Lake and ex tend far ther west into the Coast
Moun tains. Com pared to the in tru sions of in ferred Ju ras sic
age, these ex hibit much more ho mo ge neous, more fel sic
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Fig ure 4. Rep re sen ta tive fel sic tex tures, Mt. Attree vol ca nic com -
plex: a) opal ine quartz-eye por phyry dacite (metatuff), east slope of 
Mt. Clague, 08JN05-08, UTM Zone 9, 517824E, 5993220N,
NAD83; ham mer head for scale; b) ovoid quartz-eye por phyry from 
small, subvolcanic in tru sion, Nash Ridge; 08JN21-04, UTM
514517E, 6026691N, pen for scale; c) dacite brec cia with white
rhy o lite clast, near Bowbyes Lake, 08JN01-02, UTM 578403E,
5998115N, pen cil for scale.



and more quartz-rich com po si tions. This broad area of fel -
sic plutonic ex po sure is ap par ently con tin u ous with the
Eocene Wil liams Creek pluton to the east (Fig ure 2; R.
Fried man, U-Pb date, pers comm, Sep tem ber 2008). Pla nar
pink peg ma tite and aplite dikes are pres ent in places (Fig -
ure 9b). Bi o tite is more abun dant than hornblende, and both 
are un al tered and fresh. A key iden ti fy ing char ac ter is tic is
the pres ence of milli metre-scale, clear, euhedral, am ber-
col oured ti tan ite grains. The rocks are mas sive and are in -
ter preted to post date the pen e tra tive deformation that
affects Late Cretaceous and older units.

Mas sive, me dium-grained equigranular diorite,
tonalite and granodiorite oc cur to gether east of Fire Moun -
tain in the lower Hirsch Creek drain age in the south east ern
cor ner of the map area. Tonalite dike com plexes in diorite
and in tru sive brec cia of diorite in tonalite show curviplanar
phase con tacts sug ges tive of magma mix ing. The age of
this body is un known; it is un like the Early Ju ras sic suite,
and may be a rel a tively mafic Eocene intrusion.

Structure and Metamorphism

NORTHEASTERLY FOLDING

Field work in 2007 (Nel son et al., 2008a, b) iden ti fied a
north east-trending, re gional anticline out lined by the
curved out crop pat tern of the Perm ian lime stone, which
strikes north-north east near Chist Creek, chang ing to
north-north west on the ridge south of Wil liams Creek,
west-north west on the ridge east of Mt. Attree and is de -
formed into a se ries of north east erly folds in the hinge area
in the Zymoetz River val ley and on Cop per Moun tain (Fig -
ure 2). Rocks of the pre-Perm ian Mt. Attree vol ca nic com -
plex oc cupy the an ti cli nal core. Map ping in 2008 ex tends
the north limb of the re gional cul mi na tion across the val ley
south of Ter race and into the Coast Moun tains as far west as 
the Shames River fault. A band of east-strik ing, north-dip -
ping Perm ian lime stone ex tends across the val ley near Old
Remo; far ther west, mar ble sep a rates Pa leo zoic from
Telkwa ex po sures in a north west erly over turned sec tion
north of the Skeena River and east of the Shames River
(Fig ures 2, 3). Struc tural con ti nu ity is in di cated across the
nor mal faults that bound the val ley. South and downsection
from the wes tern most lime stone, meta vol can ic and
metaintrusive rocks cor re lated with the Mt. Attree vol ca nic
com plex out crop in the east ern Coast Moun tains as far
south as Kitimat, on trend with the an ti cli nal core, as de -
fined far ther north east (Fig ure 2). Tex tur ally iden ti cal,
opal ine quartz-phyric vol ca nic units oc cur on Nash Ridge
in the north and on Mt. Clague to the south, on op po site
sides of the pro jec tion of the Shames River fault. A possible 
explanation for the implied structural anomaly is outlined
below.

North east erly foliations are only lo cally de vel oped in
the Telkwa For ma tion in the val ley south of Ter race. In con -
trast, north east erly foliations are strongly de vel oped in Pa -
leo zoic greenschist-fa cies dacite and tonalite west of the
Amesbury Creek fault. The schistosity and trans po si tion in
these rocks are sim i lar to those in meta vol can ic schist at
lower top o graphic el e va tions near the mouth of Chist Creek 
(see Nel son et al., 2008a). In tru sive rocks as young as Late
Cre ta ceous show de vel op ment of north east erly fab rics,
which are ax ial pla nar to the anticline. Fab rics in Late Cre -
ta ceous granitoid rocks are not as pen e tra tive as in the host
meta vol can ic and metaplutonic rocks, sug gest ing that the
plutons were emplaced dur ing de for ma tion and meta mor -
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Fig ure 5. Con trast ing re la tion ships be tween the Tri as sic sed i men -
tary unit and volcaniclastic units: a) folded Tri as sic sed i men tary in -
clu sion in ba salt brec cia quarry east of Old Remo, 07JA11-3, UTM
Zone 9, 520025E, 6036282N, NAD83; fold de vel op ment ap pears
to have been penecontemporaneous, prob a bly re lated to in clu sion 
within pyroclastic flow, pen for scale; b) con tact be tween ba salt
brec cia and in clu sion of Tri as sic sed i men tary strata, quarry east of
Old Remo, 07JA11-3, pen for scale; note wispy, soft-sed i ment con -
tact; c) highly an gu lar, lithified Tri as sic chert clasts in basal Telkwa
con glom er ate from Kleanza Moun tain north of Zymoetz River,
05NB13-01, UTM 542849E, 6043341N, pen cil for scale.



phic cool ing. Strongly fo li ated, gar net-bear ing granitoid
rocks in Wil liams Creek are not Paleocene, as sug gested by
Nel son et al. (2008a, b), but likely Mis sis sip pian (R. Fried -
man, pers comm, Sep tem ber 2008); their age does not date
the de for ma tion as Paleogene. An up per limit on de for ma -
tion is es tab lished by Eocene bod ies, in clud ing the dated
Wil liams Creek pluton as well as its in ferred cor re la tives
far ther west, which cut these fabrics. This constrains the
folding event to Late Cretaceous age.

Be sides age, three fac tors in flu ence the de gree of
north east erly fab ric de vel op ment as so ci ated with the re -
gional fold ing event: strati graphic level, lo ca tion and rock
com po si tion. First, strati graphic level is con sid ered the
most im por tant. Fo li a tion in Telkwa vol ca nic units is weak,
spo radic and widely spaced. The same is gen er ally true of
the Perm ian lime stone and Tri as sic sed i men tary unit. In
con tin u ous ex po sures, for in stance near Chist Creek, fo li a -
tion be comes in creas ingly pen e tra tive, and meta mor phic
grade in creases downsection in the Mt. Attree vol ca nic
com plex. The high est meta mor phic grades oc cur at the
low est ex posed strati graphic lev els: east of the Kitsum -
kalum-Kitimat val ley near the mouth of Chist Creek and
along the Kitimat River, where knot ted green bi o tite schist
con tains cor di er ite with rel ict gar net cores, and west of the
valley in the eastern Coast Mountains, where schist is
common.

Sec ond, in any given unit, in ten sity of fo li a tion de vel -
op ment in creases along with meta mor phic grade in a north -
east di rec tion. East of and within the val ley near Ter race,
Telkwa vol ca nic rocks are at in cip i ent greenschist grade
(first growth of actinolite) or lower; only in the far west do
greenschist min er als, actinolite and chlorite, de fine a fo li a -
tion. Perm ian fossiliferous lime stone near Old Remo is
equiv a lent to highly fo li ated marble near the Shames River.

Last, rock type ex erts an in flu ence: Early Ju ras sic gab -
bro and diorite show only rare weak fo li a tion, as do mafic
com plexes of in ferred Pa leo zoic age, for in stance, the one
be tween Raley and Dahl creeks. Even within the Pa leo zoic
vol ca nic-in tru sive unit, highly fo li ated metadacite and
tonalite is interlayered with ap par ently unfoliated green -
stone and diorite. All of these fea tures are char ac ter is tic of a 
fold ing event that af fected up per crustal rocks in
greenschist con di tions, in which tem per a ture in creased
with depth and towards the west.

NORMAL FAULTS

The north west-strik ing Shames River fault (Fig ures 2,
3) is a listric, down-to-the-north east nor mal fault. This fault 
has ac com mo dated an es ti mated to tal of 6–9 km, based on
con trast ing pres sure-tem per a ture con di tions across it
(Heah, 1991; Andronicos et al., 2003). All of the strat i fied
rocks and the re gional north east erly fold, de scribed above,
with the ex cep tion of those near Kitimat, lie in its
hangingwall. Its footwall to the west near the Skeena River
is oc cu pied by the low-an gle Shames River my lon ite zone
(SRMZ), which also shows a top-to-the-north east, nor mal
sense of  d is  p lace ment  in  volv  ing Ear ly  Ju  ras s ic
orthogneiss, Late Cre ta ceous and Eocene gran ite, and older 
gneiss (Fig ure 8a). Both mylonitic de for ma tion in the
SRMZ and nor mal fault ing are con strained as Eocene, ca.
54 to ca. 47 Ma (Andronicos et al., 2003; Heah, 1991). They 
have been in ter preted to re cord pro gres sive tec tonic de nu -
da tion of the core of the Coast Mountains during regional
transtension.
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Fig ure 6. Small plagioclase-phyric dacite from Telkwa For ma tion,
08JN15-03, UTM Zone 9, 520701E, 6032249N, NAD83, quarry on
Thun der bird Main log ging road, rock ham mer for scale.

Fig ure 7. a) Rag gedly ter mi nated plagioclase pheno crysts in an -
de site, mafic in tru sive com plex on ridge be tween Raley and Dahl
creeks, 08JN13-04; UTM Zone 9, 512470E, 6003608N, NAD83,
rock ham mer for scale. b) Typ i cal Mt. Attree an de site, north of Wil -
l iams Creek,  pen for  scale.  Note iden t i  cal  p lagioclase
morphologies in a) and b).



The Amesbury Creek fault is a north east erly an a logue
of the Shames River fault, sim i larly north west strik ing,
with the north east block down. The dis place ment on it is
per haps 600–800 m of ver ti cal off set, based on the out crop
el e va tions of the Perm ian lime stone to the east and west
(Fig ures 3, 8b). It sep a rates mainly Pa leo zoic vol ca nic and
in tru sive rocks to the west from Perm ian lime stone, Tri as -
sic sed i men tary beds and Telkwa For ma tion within the
valley south of Terrace.

The Kitsumkalum-Kitimat graben co in cides with the
deep intermontane val ley that ex tends from New Aiyansh
along the Nass River to Kitimat. Strati graphic throw on its
bound ing faults can be es ti mated from off set of the Perm ian 
lime stone, which lies at el e va tions of 1 000 m east of the
val ley and 100–200 m within the val ley, and would crop out 
above pres ent ero sion lev els to the west where un der ly ing
vol ca nic units are ex posed. No Pa leo zoic vol ca nic units are
found within the graben; they are pre sumed to underlie the
younger rocks.

The sense of mo tion on its east ern bound ing fault is in -
di cated in out crops east of Kitsumkalum Lake, where mi -
nor syn thetic struc tures show duc tile and brit tle down-to-
the-west and dextral sense of mo tion (Nel son and Ken nedy, 
2007). It jux ta poses greenschist-fa cies Kitselas meta vol -
can ic rocks to the east with unmetamorphosed Bow ser
Lake Group (shale or siltstone?) along the Kitsumkalum
River. Be tween Ter race and Lakelse Lake, the south ern ex -
ten sion of this fault is not ex posed. Geo log i cal in ter pre ta -
tions fa vour an anastomosing fault sys tem be tween Lakelse 
Lake and Kitimat, but there are no ex po sures of high strati -
graphic lev els in that part of the val ley, sug gest ing that it is
not floored by a graben there. South of the Wedeene River,
a quarry in mylonitized granodiorite (Fig ure 8c) shows
thrust-sense, top-to-the-north east mo tion on north-north -
west strik ing, west-dip ping sur faces and low-plunge
(173°/05°N) slick en sides in dic a tive of transcurrent mo -
tion. The out crop is near the pro jected location of one of the
important fault strands.

In fer ences from geo log i cal map ping in 2008, along
with com pi la tion from map ping by Woodsworth et al.
(1985) and Heah (1991), show that the main Kitsumkalum
fault is de flected into a gen tle east ward arc near Lakelse
Lake (Fig ure 2). The Shames River and Amesbury Creek
faults can be pro jected east ward as far as this fault; how -
ever, fur ther ex ten sions are in com pat i ble with mapped geo -
log i cal re la tion ships far ther east, and for this rea son they
are in ter preted to ter mi nate against the main fault near
Lakelse Lake. The fault ge om e try would form a com plex
flower struc ture within a re leas ing bend in a dextral fault
sys tem. It ex plains the prev a lence of tilted fault blocks
south of  Ter  race and the graben-within-graben,
downdropped panel of Bowser Lake Group farther north.

In this view, the nor mal-dextral fault east of
Kitsukalum Lake and in fact the en tire Kitsumkalum-
Kitimat graben were cou pled to Eocene nor mal mo tion on
the Shames River and Amesbury Creek faults, as parts of a
transtensional, par ti tioned sys tem. Dat ing of fab rics in the
Kitsumkalum pluton would pro vide a test of the sug gested
geometry.

A ma jor un solved struc tural prob lem as so ci ated with
the map com pi la tion of Fig ure 2 con cerns the dis tri bu tion
of Pa leo zoic meta vol can ic rocks west of the val ley. Opal ine 
quartz-phyric dacite on the south side of the Skeena River
and on Nash Ridge is iden ti cal to that near Kitimat. Not
only are these out crops lo cated across nearly 30 km of
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Fig ure 8. a) Top-to-the-east (left in pho to graph) mylonitic fab ric de -
vel oped in Early Ju ras sic orthogneiss, Shames River my lon ite
zone south of the Skeena River; 08JN25-01, UTM Zone 9,
506916E, 6026292N, NAD83. b) Look ing from Pa leo zoic vol ca nic
ex po sures on Nash Ridge, north east across the con cealed
Amesbury Creek fault into the Kitsumkalum-Kitimat graben. The
low hill in the mid dle dis tance is un der lain by Late Cre ta ceous gran -
ite, Early Ju ras sic diorite and dacite of the Telkwa For ma tion. c)
Less-de formed plagioclase por phyry in trud ing mylonitized
granodiorite south of Wedeene River, 08JN26-03; UTM 520590E,
6009325N, pen mag net for scale.
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Element Cu Pb Zn Ag Au Mo Cd As Sb W Hg Ba

Unit ppm ppm ppm ppb ppb ppm ppm ppm ppm ppm ppb PPM

Method ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARES

Lab ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM acm

Detection Limit 0.01 0.01 0.1 2 0.2 0.01 0.01 0.1 0.02 0.1 5 1

Field No. UTM E UTM N Description

08JN01-04 517335 5996907

Billy; srongly silicified zone with wispy pyrite, possible 
barite 12.93 1.26 36.4 59 8.4 1.69 0.02 2.2 -0.02 -0.1 14

08JN02-01 518036 5997674

Billy (Gold zone?): representative grab, 5% pyrite in 
silicified dacite 79.13 11.5 23.9 1727 22.7 2.08 0.04 112 1.61 0.7 50

08JN02-04 518140 5998299

Billy Barite showing; barite, silcification; pyrite, trace 
galena, mt, cpy 108.45 42.58 28.9 2178 92.1 75.66 0.07 12.3 0.34 1 15 >50000

08JN04-01 517659 6001837

Jeannette showing, high grade chalcopyrite-rich grab from 
25 cm thick zone 4.75% 2.87 165.5 15403 4710.1 25.75 1.14 4.6 0.02 -0.1 20  

08JN07-02 516392 6030797 silicified, pyritic quartz-eye phyric metadacite 49.79 0.51 16.1 41 3.3 0.85 0.01 0.8 0.04 -0.1 -5

08JN07-05 512928 6031122

zone of rich pyrite, magnetite in quartz-phyric metadacite, 
south Skeena 64.49 0.37 66.2 162 7.7 0.27 0.02 0.4 0.02 -0.1 -5

08JN11-05 537933 6014644

silicified, pyritic zone in ductile shear cutting fine grained 
greenstone 961.5 2.12 8.2 1613 46.5 22.47 0.11 3.9 0.03 0.4 -5

08JN13-03 512419 6003594

1 m thick greisen near edge of Eocene pluton; contains 
pyrite, maybe trace chalcopyrite 69.35 0.83 29.3 58 3.1 1.22 -0.01 1.9 0.06 -0.1 -5

08JN14-01 528972 6031008

pods of pyrite, pyrrhotite skarn in metamorphosed Permian 
limestone 24.44 10.56 49.5 79 0.9 0.69 0.45 3.3 0.22 0.1 -5

08JN14-05-1 528582 6029456

skarn pod in Permian marble northwest end Lakelse Lake -  
sphalerite - rich high-grade grab sample 268.94 21.02 12.44% 2284 42 1.49 859.13 11.4 0.06 7.8 517  

08JN14-05-2 528582 6029456

skarn pod in Permian marble northwest end Lakelse Lake - 
contains sphalerite, stibnite, chalcopyrite 414.89 7.78 94.7 1106 7.6 10.62 0.5 36.5 0.44 0.1 -5

08JN14-06 528460 6029329 skarn in limestone, minor sphalerite 7.84 1.11 148.6 66 0.6 1.69 0.63 17.9 0.23 0.8 -5

08JN14-13 524718 6028703 pyrrhotite-rich skarn in Permian limestone 148.94 2.69 54.2 352 3.1 28.12 0.27 2.1 0.14 0.3 -5

08JN21-04 514517 6026691 quartz-sericite schist with pyrite, Nash Ridge 20.43 2.05 55.3 299 26.9 4.24 0.08 1 0.03 -0.1 -5

08JN22-06 515710 6027083 quartz-sericite schist with pyrite, Nash Ridge 9.18 1.14 39.7 86 16.1 3.31 0.01 0.5 0.02 -0.1 70

08JN24-03 514853 6026880 quartz-sericite schist with pyrite, Nash Ridge 362.06 1.54 64.5 216 6.8 2.2 0.11 1.5 -0.02 -0.1 -5

08JN26-01 522440 6001971 J showing - pyritic shear in greenstone 77.01 0.57 302.7 86 23.5 8.68 0.06 0.4 -0.02 -0.1 -5

Analysis of steel milled crushed rock prepared by ACME Analytical. Duplicate on crushed rock

ARMS = Aqua regia digestion - ICPMS. 15 g sample

ARES = Aqua regia digestion - ICPES

ACM = ACME Analytical, Vancouver

% Difference = ABS ((x1-x2)/(x1+x2)/2)x100

Acme report VAN08009445

Table 1. Geochemical and assay results from 2008 for the NTS 103I/02 and 07 map areas. Elevated values indicating higher mineral potential are highlighted in yellow.



struc tural (and as sumed strati graphic) strike, they are on
op po site sides of the Shames River fault, in ter preted to
have a ver ti cal off set of 6–9 km where it crosses the Skeena
River (Heah, 1991; Andronicos et al., 2003). This ge om e -
try could be ac com mo dated by a west ern splay of the main
val ley fault, shown as the dashed grey line on Fig ure 3. Res -
to ra tion of >20 km of dextral mo tion across such a fault
could re store the Nash Ridge Pa leo zoic se quence close to
the Mt. Clague rocks. This fault, part of the Shames River–
Kitsumkalum–Kitimat sys tem, would have to off set rock
bod ies as young as 52–47 Ma. A tra verse in 2008 across the
east ern edge of the Eocene (?) gran ite on the ridge be tween
Raley and Dahl creeks dis cov ered a clearly in tru sive con -
tact, with ex ten sive lo cal peg ma tite de vel op ment, greisen
and hornfelsing. On the other hand, the pluton has not been
pre cisely dated and may be composite, and shear zones may 
lie farther west within it.

MINERAL OCCURRENCES AND
MINERAL POTENTIAL

Southwestern Extension of Paleozoic VMS
Belt

In 2007, the rec og ni tion of in di ca tors of sig nif i cant
volcanogenic mas sive sul phide po ten tial within the Pa leo -
zoic Mt. Attree vol ca nic com plex added new min eral po -
ten tial to the Ter race area (McKeown et al., 2008). The
most sig nif i cant zones of quartz-seri cite-py rite schist with
as so ci ated small base-metal show ings were on and near the
Ga zelle prop erty at the height of land be tween Chist Creek
and Wil liams Creek. Pro jec tion of the mainly north east erly
trending zones and their hostrocks to the south west led to
the hy poth e sis that the belt could be ex posed in the east ern
Coast Moun tains north west of Kitimat. Re view of geo log i -
cal data in an as sess ment re port sup port this, as show ings of 
in ferred VMS style had pre vi ously been doc u mented in the
Wedeene River area (Belik, 1987). The re port was ac com -
pa nied by a 1:20 000 scale out crop-based geo log i cal map of 
high qual ity that be came of great value in guid ing our work
in the area, through dense bush and overgrown logging
roads.

Belik (1987) re ported three main show ings of pos si ble
volcanogenic char ac ter in meta vol can ic hostrocks: Billy
(MINFILE 103I  218), Billy Bar ite (MINFILE 103I  217)
and Jean nette (MINFILE 103I  169; Fig ures 2, 3). We con -
firmed these lo ca tions and eval u ated and sam pled the
show ings. All are of feeder style, al ter ation and vein sys -
tems trans posed into the dom i nant north east erly fo li a tion.
They are as so ci ated with quartz-rich dacite, rhy o lite and
mi nor rhy o lite-clast brec cia. Quartz-seri cite-py rite schist
oc curs at the Billy show ings, in fo li a tion-par al lel pods dis -
trib uted along 2 km of strike length. Belik (1987) re ported
as say re sults from a chip sam ple of the Billy ‘gold’ show ing 
to be 2.4 g/t Au over 5 m, and a grab sam ple near the base of
the zone that as sayed 5.18 g/t Au, 32.9 g/t Ag, 0.7% Pb and
0.2% Zn. Our geo chem i cal anal y sis of al tered dacite at the
Billy show ing yielded un re mark able lev els of base and pre -
cious met als (Ta ble 1). The Billy bar ite show ing (Fig ure 9a) 
is lo cated on a log ging land ing north of the other show ings.
It is dom i nated by highly de formed, mas sive, coarse-
grained bar ite, sim i lar to the bar ite at the Sub show ing, de -
scribed by McKeown et al. (2008). High con tents of bar ium 
in the as say anal y sis con firmed handsample min eral iden ti -
fi ca tion (Ta ble 1). The bar ite is coarse grained and strongly

de formed. It was emplaced as a vein or veins within the vol -
c a  n i c  p i l e  p r i o r  t o  f o l d  i n g  a n d  p r o b  a  b l y  i n  a
penecontem poraneous seafloor struc ture. Traces of vis i ble
sulphides—chalcopyrite, galena and sphalerite—are
confirmed by slightly elevated values of Cu, Pb, Zn and Ag.

The Jeanette show ing (MINFILE 103I  169) is in an
over grown trench next to a log ging cut north of the
Wedeene River (Fig ure 3). It is a si lici fied, north east-strik -
ing shear zone that con tains a zone 20–30 cm wide of
semimassive py rite and chal co py rite. As say re sults con -
firm the tenor of the min er al iza tion: 4.75% Cu and 15.4 g/t
Ag. Both the Jean nette and Billy show ings are of epigenetic 
char ac ter. Their host metadacite and metarhyolite, how -
ever, match the typ i cal hosts of volcanogenic de pos its.
More over, as so ci ated quartz-seri cite-py rite schist in di cates 
that al ter ation oc curred rel a tively early in the his tory, pos si -
bly near the time of their erup tion on the seafloor. These
show ings are roughly on strike with the volcanogenic belt
de fined at the head of Chist Creek, and are con sid ered to
rep re sent an ex ten sion. In 2007 and 2008, we iden ti fied a
30 km long belt of Pa leo zoic feeder-zone style, volcano -
genic-as so ci ated min er al iza tion. Pre lim i nary geo chron ol -
ogi cal re sults from Pa leo zoic rocks in the Ter race area are
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Fig ure 9. a) Billy bar ite show ing; rusty mas sive bar ite with py rite
and traces of base-metal sulphides; 08JN02-04; UTM Zone 9,
518140E, 5998299N, NAD83, pen for scale; b) rusty quartz-seri -
cite schist, Nash Ridge; 08JN 22-06; UTM 515710E, 6027083N,
rock ham mer for scale.



ca. 330–320 Ma (Heah, 1991; R. Fried man, pers comm,
Sep tem ber 2008). These are com pat i ble with a Late Mis sis -
s ip pian age for  the Chist  Creek–Wedeene River
volcanogenic belt, con tem po ra ne ous with the orebody at
the Tulsequah Chief mine of far north west ern British
Columbia, similarly hosted by Paleozoic volcanic strata of
the Stikine terrane.

Quartz-seri cite schist oc curs re gion ally within the Mt.
Attree vol ca nic com plex west of the Ter race-Kitimat val -
ley, for in stance, on Nash Ridge (Fig ure 9b), and on the log -
ging road south of the Skeena River, where very rusty
quartz-seri cite-chlorite schist hosts abun dant py rite and up
to 10% mag ne tite (08JN07-05, Table 1).

Other show ings on Mt. Clague and near the Wedeene
River are mi nor shear-zone hosted or in tru sion-re lated in
char ac ter, and are of lim ited ex tent. This in cludes the ‘J’
show ing (MINFILE 103I  221), a rusty shear zone on the
bank of the Wedeene River op po site Iron Moun tain
(08JN26-01, Ta ble 1), the Joan (MINFILE 103I  172), a
zone of schee lite, mag ne tite and chal co py rite and the
Bowbyes (MINFILE 103I  114), a small zone of shear-
hosted cop per min er al iza tion on the east ern slope of Mt.
Clague.

West of Lakelse Lake, a num ber of con tact skarn de -
pos its are de vel oped in volv ing mar bles of the Perm ian Am -
bi tion For ma tion, and Early Ju ras sic and Eocene in tru sive
bod ies. Known show ings of this type in clude the Lady
Luck (MINFILE 103I  013, 103I  123), Lucky For tune
(MINFILE 103I  124) and Hal (MINFILE 103I  192). Min -
er al iza tion com prises sphalerite, mag ne tite, mo lyb de nite
and chal co py rite as so ci ated with epidote and gar net. In
2008, a pre vi ously un doc u mented skarn oc cur rence was
dis cov ered in a bur row pit near the north west ern shore of
Lakelse Lake (08JN14-05-1, -2; Ta ble 1). It con tains at
least one 30 cm wide zone of sphalerite-rich material, from
which a sample returned over 12% Zn.

SUMMARY AND CONCLUSIONS

Field map ping in 2008 doc u mented the con tin u a tion of 
a belt of Pa leo zoic vol ca nic rocks and en closed VMS
feeder-style min er al iza tion from the Zymoetz River to the
east ern Coast Moun tains be tween Ter race and Kitimat. The 
Pa leo zoic vol ca nic unit, the Mt. Attree vol ca nic com plex,
forms the core of an un usu ally ori ented, north east-trending
anticline that formed in lat est Cre ta ceous to ear li est
Paleogene time. Its en closed belt of VMS-re lated min er al -
iza tion com prises zones of quartz-seri cite-py rite schist and
lo cal oc cur rences of de formed early epigenetic bar ite and
rare base-metal sulphides. All of these are char ac ter is tic of
feeder zones rather than seafloor ex ha la tive de pos its. The
trend of the min er al ized belt par al lel to the re gional north -
east erly fo li a tion and an ti cli nal hinge zone sug gest that
early north east erly struc tures may have played a role in
later crustal de for ma tion.

The re gional north east erly fold ing event that con trols
dis tri bu tion of the Mt. Attree vol ca nic com plex is prob a bly
Late Cre ta ceous in age, as it af fects ca. 69 Ma in tru sive bod -
ies near the Skeena River but not Eocene plutons. North -
east erly fold ing af fected Pa leo zoic and youn ger strata both
in the hangingwall of the Skeena River fault zone north east
of Ter race, and the Kitselas fa cies in its footwall (Nel son et
al., 2008a; Angen, 2009). The de flec tion of the fault zone
from north-north east-strik ing to west-north west-strik ing
north of Le gate Creek (Fig ure 2) may also re sult from

north east erly fold ing, a fur ther in di ca tion that the fold ing
event post dates the fault. The Skeena River fault zone has
been in ter preted as a mid-Cre ta ceous top-to-the-east thrust
fault (Nel son et al., 2008a), that de vel oped as part of the
Skeena fold-and-thrust belt (Evenchick, 2001). Al though
north east-trending folds are prom i nent in the Skeena fold-
and-thrust belt, the folds near Ter race formed later, af ter the 
Skeena River fault zone, and can not be as cribed to a mid-
Cre ta ceous sinistral-transpressive event. They arose dur ing 
an ep i sode of orogen-par al lel com pres sion, pos si bly lo cal -
ized by a crustal-scale dis con ti nu ity that had earlier found
surface expression in the Skeena arch.
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Geospatial Structural Analysis of the Terrace Area,
West-Central British Columbia (NTS 103I/08, 09, 10, 16)

by J.J. Angen1

KEYWORDS: Stikinia, Ter race, struc ture, geospatial anal y -
sis, down-plunge pro jec tion

INTRODUCTION

In this study, geo graphic in for ma tion sys tem (GIS)–
based geospatial anal y sis is used to as sist in the in ter pre ta -
tion of a large da ta base of georeferenced struc tural mea -
sure ments, in or der to re con struct the struc tural his tory of
the Ter race area in west-cen tral Brit ish Co lum bia (Fig -
ure 1). This area has been the tar get of a multiyear re gional
geo log i cal map ping and min eral po ten tial eval u a tion pro -
ject con ducted by the BC Geo log i cal Sur vey from 2005
through 2008.

Field struc tural mea sure ments were taken in NTS
1:50 000 scale map ar eas 103I/08, 09, 10 and 16 dur ing the
course of re gional map ping in the sum mers of 2005 through 
2007. In this study, the struc tural data were sorted into do -
mains in a GIS pro gram and then plot ted by struc ture type
us ing stereonets. One of the key find ings of this study is a
se ries of folds with north east-trending hinge lines. This im -
plies a north west-south east compressional event. North -
east erly fab rics as so ci ated with this event af fect lat est Cre -
ta ceous granitoid plutons along the Skeena River west of
the map area (Heah, 1991). They are cut by Eocene in tru -
sions. There are no struc tures yet doc u mented re gion ally
that cor re spond to a compressional event of this ori en ta tion
and age; there fore, its cause and extent are somewhat
enigmatic.

North east erly-trending folds oc cur in both the
footwall and hangingwall of the Skeena River fault zone, a
pos tu lated north east erly-vergent thrust fault that places Pa -
leo zoic and youn ger strata south east of the Skeena River on 
top of Ju ras sic and youn ger, more meta mor phosed strata to
the north west. The Skeena River fault zone was pos si bly
re ac ti vated as a top-to-the-north east de tach ment dur ing
early stages of Eocene ex ten sion. The later stages of this
extensional re gime are re corded by steep, north-north west-
strik ing nor mal faults. The lo cal ex pres sion of this high-an -
gle brit tle re gime is the Kitsumkalum-Kitimat graben,
which un der lies a broad val ley in which the towns of Ter -
race and Kitimat are sit u ated (Fig ure 1). The graben is
bounded to the east along Kitsumkalum Lake by a well-ex -
posed nor mal fault. Brit tle and duc tile de for ma tion are re -

corded along the ex tent of this fault, showing down-to-the-
southwest motion.

OVERVIEW OF GEOLOGICAL UNITS

The Ter race area is lo cated near the west ern mar gin of
Stikinia (as de fined by Colpron et al., 2007), along the east -
ern mar gin of the Coast Plutonic Com plex and the south ern
mar gin of the Bow ser Lake Group. Stikinia is the larg est
intermontane terrane, formed dom i nantly by is land-arc
vol ca nism, along with clastic and cal car e ous sed i men ta -
tion, through Pa leo zoic and into Me so zoic time (Nel son et
al., 2006). The Coast Plutonic Com plex is a belt of grani -
toid and meta mor phic rocks formed by con ti nen tal-arc
magmatism along west ern North Amer ica from mid-Ju ras -
sic to Eocene time. The Bow ser Lake Group is a se quence
of Late Ju ras sic–Early Cre ta ceous siliciclastic sed i men tary
rocks de pos ited in a broad suc ces sor basin, the Bowser
Basin, in central Stikinia.

This sec tion pres ents an over view of the rock units in
the Ter race area, whose dis tri bu tion is shown in Fig ure 2.
More de tailed de scrip tions can be found in Nel son et al.
(2006), Nel son and Ken nedy (2007) and Nel son et al.
(2008).

Stratified Units

ZYMOETZ GROUP

The old est rocks in the re gion be long to the Perm ian
and older Zymoetz Group. It con sists of a lower volcani -
clastic-dom i nated unit, the Mount Attree vol ca nic com -
plex, over lain by a lime stone unit that has been cor re lated
with the Perm ian Am bi tion For ma tion, as de fined by Gun -
ning et al. (1994). The Mount Attree vol ca nic com plex
com prises dark green an de site flows, tuff and vol ca nic
brec cia, along with mi nor si li ceous and cal car e ous sed i -
men tary strata. A U-Pb zir con date of ca. 285 Ma for tuff
within the up per ex tent of this unit by Gareau et al. (1997a)
is in ter preted as the age of de po si tion. The Mt. Attree vol -
ca nic com plex is meta mor phosed in greenschist and lower
amphibolite facies.

 Where unmetamorphosed, the Am bi tion For ma tion
lime stone con sists of thinly to thickly bed ded fossiliferous
lime stone. Bed ding-con trolled he ma tite and sil ica re place -
ment has led to the de vel op ment of highly fossiliferous,
pink beds that are ex cep tion ally well pre served (Fig ure 3).
In other ar eas, it con sists of coarsely recrystallized mar ble.
An Early Perm ian age was re ported by Duffell and Souther
(1964) on the ba sis of macrofossil assemblages.
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TELKWA FORMATION

The Early Ju ras sic Telkwa For ma tion is the low est unit
of the Hazelton Group. It un con form ably over lies the
Zymoetz Group. It con sists of dom i nantly andesitic and
dacitic subaerial vol ca nic units with mi nor as so ci ated, vol -
ca nic-de rived sed i men tary beds. Where thinly bed ded
units were ob served within the lower Telkwa, they are par -
al lel to bed ding in the un der ly ing lime stone. The base of the 
Telkwa For ma tion is a disconformity be cause, in some ar -
eas, the Telkwa is depositionally on top of the Mount Attree 
vol ca nic com plex and the lime stone is ab sent. In most ar -
eas, this re la tion ship is ob scured by the ir reg u lar to pog ra -
phy and abrupt fa cies changes in her ent in vol ca nic prov -
inces and high-en ergy sed i men tary en vi ron ments. The
basal unit of the Telkwa For ma tion is a highly vari able
polymictic con glom er ate, con tain ing clasts de rived from
the un der ly ing Pa leo zoic strata as well as from Telkwa vol -
ca nic rocks. Above this, the lower Telkwa con sists dom i -
nantly of volcaniclastic units; an de site brec cia and crys tal
lithic lapilli tuff are com mon con stit u ents. The up per
Telkwa is dom i nated by amyg da loid al an de site and dacite
flows, with lesser volcaniclastic and sed i men tary com po -
nents. Re gion ally, fau nal as sem blages of sed i men tary lay -
ers within the Telkwa For ma tion in di cate a Sinemurian
(Early Ju ras sic) age (Tip per and Richards, 1976). The
Telkwa Formation has undergone regional zeolite to lowest 
greenschist facies metamorphism.

KITSELAS FACIES

The Kitselas fa cies is a dom i nantly fel sic vol ca nic unit
re stricted to the footwall of the Skeena River fault sys tem.
Its bound ing faults are poorly ex posed, ob scured both by
Eocene in tru sions and by re cent flu vial de pos its along the
Skeena River. The unit is dom i nated by well-bed ded
volcaniclastic rhy o lite that shows eutaxitic, strongly
welded tex tures in places. An de site flows in the Kitselas re -
sem ble those in the Telkwa. The Kitselas has been in ter -

preted as a lo cal fel sic cen tre within the Telkwa For ma tion.
A U-Pb zir con date of ca. 195 Ma is doc u mented as the age
of de po si tion, re in forc ing the in ter pre ta tion of the Kitselas
fa cies as a meta mor phosed equiv a lent to the Telkwa For -
ma tion (Gareau et al., 1997a). The Kitselas rocks have been 
meta mor phosed in the greenschist to lower amphibolite
facies.

SMITHERS FORMATION

T h e  M i d  d l e  J u  r a s  s i c  S m i t h e r s  F o r  m a  t i o n
paraconformably over lies the up per Telkwa and is com -
posed of uni form, thinly bed ded, tuffaceous greywacke.
Macrofossils and trace fos sils are com mon. An Aalenian
(Mid dle Ju ras sic) age has been es tab lished on the ba sis of
macrofossil as sem blages (G. Woodsworth and H. Tip per,
un pub lished data, 1985, as a pers comm from J. Nelson,
2008).

TROY RIDGE FACIES

The Smithers For ma tion is over lain by the ‘py jama
beds’, which de rive their name from their striped ap pear -
ance. This unit is com posed of thinly bed ded black chert
and si li ceous argillite, com monly with interbeds of white to 
pink si li ceous tuff. These strata are cor re la tive with the
Troy Ridge fa cies in the Iskut re gion, which has been dated
as Bajocian (Mid dle Ju ras sic; K. Simpson and V. McNicoll, 
un pub lished data, 1994, as a pers comm from J. Nel son,
2008). To gether with the un der ly ing Smithers For ma tion,
the py jama beds form a dis tinc tive marker unit be tween the
vol ca nic Telkwa For ma tion and the Bow ser Lake Group,
and can be used to trace regional folds and faults.

BOWSER LAKE GROUP

Bow ser Lake Group sed i men tary strata crop out in the
north ern part of the map area. They con form ably over lie the 
‘py jama beds’. Re gion ally, the Bow ser Lake Group is char -
ac ter ized by siltstone to cob ble con glom er ate of dom i -
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Fig ure 1: Lo ca tion of the Ter race map area within Brit ish Co lum bia. The map ping com pleted in the sum mers of 2005, 2006 and 2007 is out -
lined.



nantly chert clasts de rived from the Cache Creek Terrane to
the north east. In its south ern ex po sures near Ter race and
Smithers, there is sig nif i cant in put of vol ca nic-de rived
clasts from the up lifted Skeena arch. These vol ca nic-
protolith sed i men tary beds cause the Bow ser Lake Group
to weather an off-white col our (lead ing to the field name of
‘white Bow ser’). De po si tion of the Bow ser Lake Group oc -
curred be tween the Late Ju ras sic and Early Cretaceous
(Tipper and Richards, 1976).

Intrusive Rocks

EARLY JURASSIC PLUTONIC SUITE

These are the old est in tru sions large enough to be
mapped at 1:50 000 scale. The larg est of these is the
Kleanza pluton, which typ i fies this suite in its sig nif i cant
het er o ge ne ity, vary ing from gab bro to quartz-rich
granitoid. A sam ple from the Kleanza pluton yielded a U-
Pb zir con date of ca. 200 Ma (Gareau et al., 1997a). This
date, in ter preted as the age of crys tal li za tion, along with
sim i lar lithological char ac ter is tics be tween this in tru sive
suite and the Telkwa vol ca nic rocks, sug gests that it forms
the mid dle to up per crustal roots of the Telkwa arc.

EARLY TERTIARY GRANITOID ROCKS

The Kitsumkalum suite oc curs within one plutonic
body that con sists of gran ite with lesser granodiorite and
diorite. It is vari ably to strongly fo li ated. Gareau et al.
(1997a) dated it as ca. 59 Ma by U-Pb meth ods on zir con.
The Eocene Car pen ter Creek suite in cludes the Car pen ter
Creek, New town and Wil liams Creek plutons, and an un -
named pluton that is ex posed along the Kitimat River. They
are com posed pre dom i nantly of gran ite and granodiorite,
compositionally sim i lar to the Kitsumkalum suite. Like it,
they com monly con tain small, clear, euhedral ti tan ite
grains. They are in ter preted as postkinematic to the duc tile
de for ma tion event that af fected the Kitsumkalum suite, due 
to their lack of a pen e tra tive fo li a tion. The Car pen ter Creek
pluton pro vided a U-Pb zir con date of ca. 53 Ma (Gareau et
al., 1997a).

STRUCTURAL GEOLOGY

Strat i fied rocks at deeper lev els in the Ter race area are
de formed into re gional-scale north east erly-trending folds
(Fig ure 2). Most prom i nent among these is an anticline
cored by Mount Attree vol ca nic com plex and Am bi tion
For ma tion lime stone in the area be tween the Skeena River,
the lower Zymoetz (Cop per) River and the Kitimat River.
North east erly folds are also well de vel oped within the
Kitselas vol ca nic rocks. At higher strati graphic lev els in the 
Hazelton and Bow ser Lake groups, strata form homoclinal,
fault-bounded pan els. These may rep re sent a more brit tle
ex pres sion of the folds, or they may have formed as a re -
sponse to unrelated fault activity.

Methods

A geospatial struc tural anal y sis of the Ter race area was
con ducted by dig i tally par ti tion ing the Ter race re gional
map (Fig ure 2) into struc tur ally co her ent do mains and plot -
ting the struc tures for each do main on sep a rate stereonet
pro jec tions. The re sult is a struc tural his tory that con strains
mod els of the geo log i cal evo lu tion of the re gion. The struc -
tural do mains, shown in Fig ure 4, were de fined vi su ally as

sets of geo log i cal poly gons in a GIS (Man i fold®) file that
showed con sis tent struc tural char ac ter is tics. A sim pli fied
map was cre ated that in cludes lay ers for only the linework,
ge ol ogy poly gons and struc tures. Then all of the poly gons
in a given do main were se lected and a query was done to se -
lect all struc tural data within the in di cated area. In Man i -
fold, this task is done us ing the se lec tor func tion at bot tom
of the win dow (All ob jects in Struc tures ® Se lect Con -
tained within ® All ob jects in Poly gons ® Ap ply). The
struc tures ta ble was then opened with the se lected struc -
tural data al ready high lighted. A ‘Do main name’ col umn
was added to the ta ble and all of the se lected struc tures were 
la belled by typ ing the name in one of the high lighted rows.
That name is au to mat i cally ap plied to all of the other high -
lighted struc tures. Once all of the do mains had been se -
lected and la belled, the en tire ta ble was ex ported as an Ex -
cel® file. This file was sim pli fied to con tain only the
do main name, struc ture type and struc tural mea sure ment. A 
sep a rate file was cre ated for each struc ture type rep re sented 
within each do main (S0, lay er ing; Sn, fo li a tion; Ln,
lineation; Bs, brit tle shear; Bl, brit tle lineation; Lf, fold
hinge). These were then saved as tab-de lim ited text files
and im ported into Spheristat™ 2.2 to pro duce lower-hemi -
sphere stereonet pro jec tions.

Once all of the first draft stereonets had been pro duced, 
they were as sessed and mod i fi ca tions to the do mains were
made to re fine in sights into spe cific deformational events.
The pro cess was re peated to pro duce a fi nal set of
stereonets for anal y sis. A Gaussi an den sity dis tri bu tion was 
ap plied to each stereonet to give the av er age ori en ta tion of
that struc ture type; where folds were sus pected, an
eigenvector prin ci pal di rec tion anal y sis was also ap plied. 
Both of these anal y sis meth ods are found un der the anal y sis 
menu in SpheriStat™ 2.2. An eigenvector anal y sis is rep re -
sented as three mu tu ally per pen dic u lar planes.  The
stereonets with poles to bed ding and fo li a tion plot ted are
pre sented in the con text of re gional ge ol ogy in Fig ures 5
and 6, re spec tively. Other struc ture types, such as fold axes
and slick en sides, are not well enough rep re sented re gion -
ally to be of sta tis ti cal sig nif i cance and so were not pre -
sented in the same way. Note that, in some ar eas, there were
two ob served foliations but insufficient data were available
to plot them separately.

Results

The bed ding mea sure ments within the map area, com -
piled in Fig ure 5, show sev eral com mon themes. There is a
broad east-dip ping homocline de fined by the Telkwa bed -
ding at ti tudes in the south east ern part of the map area. The
dip of bed ding var ies from shal low (5°) to ver ti cal, and
strike is con sis tently north erly. The av er age poles to bed -
ding plunge be tween 26° and 41° to wards 270°, lead ing to
an av er age bed ding plane of 000°/57°. This homocline can
also be ob served within the un der ly ing Zymoetz Group in
the Ga zelle do main, al though it is pos si ble that this is a co -
in ci den tal fea ture. Bed ding mea sure ments within the
Telkwa For ma tion far ther to the north are highly vari able,
pos si bly due to con trol by lo cal rhyolitic cen tres, which
would have gen er ated ir reg u lar paleotopography. The mid-
Ju ras sic to Cre ta ceous strata that crop out along the north -
ern bound ary of the map area de fine a broad homocline that
dips north east. This do main is char ac ter ized by a pole to
bed ding of ori en ta tion 214°/65°, with an av er age bed ding
ori en ta tion of 294°/35°.
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Fig ure 2. Ge ol ogy of the Ter race area, com piled from the Ter race re gional map ping pro ject (from Nel son, 2009).



Folds are ev i dent within the Zymoetz Group and lower
Telkwa For ma tion, par tic u larly in the Kitselas fa cies. The
four stereonets with eigenvectors shown high light folds
with hinge lines plung ing shal lowly to mod er ately north -
east. The hinge lines de scribed by each do main vary some -
what: Antiform, 038°/10°; Sau sage, 052°/52°; Kitselas,
074°/07°; Zymoetz, 054o/31o. The two re main ing do mains
for which lay er ing data were col lected, Chist Creek and
Camp 1, seem to de fine two limbs of an over turned fold
with a hinge line plung ing south east. This fea ture is not dis -
cussed in de tail here, as lim ited data prevented a proper
analysis.

Fo li a tion data are pre sented in Fig ure 6. Fo li a tion, in
the form of min eral and clast flat ten ing, is de vel oped only
lo cally within the up per Telkwa and youn ger stra tig ra phy.
Where it is ob served, it is par al lel to lay er ing and poorly de -
vel oped. The Kitselas fa cies of the Telkwa is well fo li ated
and, in ar eas, two phases of fo li a tion were ob served. One
phase, de scribed by min eral flat ten ing, is dom i nantly bed -
ding par al lel and de vel oped prior to the de for ma tion of lay -
er ing de scribed above. There is an other fo li a tion de vel oped 
par al lel to the ax ial plane of north east erly-plung ing folds at
an ori en ta tion of 240°/85° (one mea sure ment doc u mented
as ax ial pla nar in the field). This fo li a tion shows min eral
flat ten ing, as well as weak cleav age de vel op ment. The
north east erly hinge lines lie within this plane. The Gitaus
do main also shows a well-de vel oped fo li a tion for the
Telkwa For ma tion. The poles to fo li a tion lie on a great cir -
cle sim i lar to what is seen in the Kitselas do main, sug gest -
ing this is likely the same bed ding-par al lel fo li a tion. The
Kitsumkalum pluton has a well-de vel oped fo li a tion de -
fined by bi o tite ag gre gates and stretch ing lineations. Anal -
y sis of the data col lected shows a strong clus ter ing of fo li a -
tion data, with an av er age pole ori en ta tion of 010°/55°. The
min eral lineations, mainly stretched quartz crys tals on fo li -
a tion-par al lel sur faces, show an al most per fect down-dip
ori en ta tion of 259°/44° (Fig ure 7a). The brit tle shear and
brit tle lineation ori en ta tion pairs show the same down-dip
sense of mo tion, with an av er age ori en ta tion of 259°/45°
(Figure 7b). Shear-sense indicators, both tails on mineral
grains and steps on brittle shear surfaces, show top-down-
to-the-west motion.

DOWN-PLUNGE PROJECTION

Methods

A semiquantitative ax ial-plunge pro jec tion that prox -
ies as a crustal cross-sec tion can be de vel oped us ing a
graphics pro gram, such as CorelDraw®, by us ing a com -
mand to ‘squeeze’ the geo log i cal map im age in a di rec tion
par al lel to the trend of the hinge line (Johnston, 1999). The
ori en ta tion of the down-plunge pro jec tion was de ter mined
by tak ing a weighted av er age of hinge-line ori en ta tions for
each do main that con tains a known fold. This was done in
Spheristat by plot ting the four dif fer ent hinge lines on the
same stereonet. Each hinge line was du pli cated to the num -
ber of data points rep re sented by it, and the av er age ori en ta -
tion of this plot was used. The re sult ing av er age hinge-line
ori en ta tion is 057°/29°. The Ter race re gional map (Fig -
ure 2) was ro tated by 57° and com pressed in the ver ti cal di -
rec tion by a fac tor of 0.48. This value was cal cu lated by tak -
ing the sine of 29°, which gives the ra tio of the cross-

sec tion height over the map height. The resulting down-
plunge projection is presented in Figure 8.

Results

The down-plunge pro jec tion pro vides an ap prox i mate
cross-sec tion through the up per crust (Fig ure 8). The sec -
tion shows a nearly 10 km thick se quence of Telkwa vol ca -
nic rocks. Part of the thick ness is prob a bly due to rep e ti tion
across re verse faults, such as those that bound the Trea sure
Moun tain, Mattson Creek and Big Three do mains. The up -
per sed i men tary stra tig ra phy does not pro ject well in this
cross-sec tion be cause it dips shal lowly to the north, but it is
worth not ing that the se quence from Telkwa For ma tion to
Bow ser Lake Group is re peated across a fault run ning along 
the Skeena River, the Skeena River fault zone (Nel son and
Ken nedy, 2007). The base of the sec tion is dom i nated by
lat er ally ex ten sive and bul bous plutons of vary ing age. The
most in ter est ing of these is the Kleanza pluton, which cuts
through the en tire Telkwa For ma tion; it is in ter preted as the
feeder for Telkwa. An other fea ture high lighted on the sec -
tion is that the Am bi tion For ma tion, which dips to the
north east, re sur faces south east of the Kleanza pluton.
Further discussion is provided with the structural in ter pre -
ta tions.

DISCUSSION

Folding

North east erly folds were likely formed with a hor i zon -
tal hinge line (dis cussed later), in re sponse to a prin ci pal
com pres sive stress ori ented north east-south west and ver ti -
cal min i mum com pres sive stress. It is plau si ble that the
east- and north east-dip ping homoclines are two limbs of a
large, re gional-scale fold with the same ori en ta tion as the
smaller folds. The folds in the Kitselas fa cies rocks re strict
the age of this north west-south east com pres sion to post–
Early Ju ras sic. West of the study area, Heah (1991) and
Nel son (2009) re ported strong north east erly fab rics within
Late Cre ta ceous granitoid bod ies, as well as in meta mor -
phosed vol ca nic rocks likely cor re la tive with the Mount
Attree vol ca nic com plex and Telkwa For ma tion. Mas sive
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Fig ure 3. Sil ica- and he ma tite-re placed cri noid fos sil within the
Am bi tion For ma tion. Note the ex cep tional pres er va tion of the ca lyx 
on the right side of the photo.
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Fig ure 4. Struc tural do mains in the map
area. Num bers in white cor re spond to the
fol low ing work ing names, sev eral of which
are re ferred to in the text: 1, Bow ser; 2,
Kalum Lake gran ite; 3, Car pen ter Creek;
4, Mount Sir Rob ert; 5, Kitselas; 6, Gitaus;
7, Bornite Moun tain; 8, Kitsumkalum
mixer; 9, New town Creek; 10, Kleanza; 11, 
Mount Pardek (un of fi cial name; note the
two re gions split by the Kleanza pluton);
12, Zymoetz; 13, Antiform; 14, Mount
Attree; 15, Camp 1; 16, Sau sage; 17,
Trea sure Moun tain; 18, Wil liams Creek;
19, Mattson Creek; 20, Ga zelle; 21, Big
Three; 22, Chist Creek; 23, Kitimat River.
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Fig ure 5. Stereonet pro jec tions of poles to bed ding (N is the num ber of data points in cluded). The av er age trend and plunge of each 
stereonet is in cluded. A prin ci pal di rec tion anal y sis was done for the do mains with ob serv able folds. The in ter sec tion of the two blue 
planes that does not lie within the data con cen tra tion in di cates the hinge line of the fold.
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Fig ure 6. Stereonet pro jec tions of poles to fo li a tion (N is the num ber of data points in cluded). The av er age trend and plunge of each
stereonet is in cluded.



plutons of the Car pen ter Creek suite cut across folds and
foliations in both the Kitselas block and the Wil liams
Creek–Kitimat River area. Thus, the main age of north east -
erly fold ing is constrained to between 70 and 53 Ma, or
earliest Tertiary.

North east-trending folds of re gional mag ni tude are un -
com mon in the Cor dil lera; they are or thogo nal to the dom i -
nant north west erly struc tural trend, which may be con -
trolled by the mar gin of an ces tral North Amer ica as well as
the pres ent plate mar gin. Hinge lines in the Ter race area are
par al lel to the trend of the Skeena arch. Lit tle is known
about the me chan ics of how the Skeena arch ac tu ally
formed. It was a prom i nent fea ture by Late Ju ras sic time, as
it forms the south ern bound ary of the Bow ser Ba sin. Tip per
and Rich ards (1976) in ter preted it as a sim ple up lift with no
as so ci ated com pres sion. A de tailed anal y sis of the folds
here could pro vide in sight into po ten tial re ac ti va tion of the
Skeena arch dur ing Early Ter tiary orogen-par al lel com -
pres sion. The two homoclines could be two limbs of a large
fold. The pres ence of large folds af fect ing all of the stra tig -
ra phy pres ent in the map area is per mis si ble, as the Telkwa
For ma tion is in volved in the de for ma tion event and there is
a near-con tin u ous stra tig ra phy start ing with the Telkwa in
the early Ju ras sic through to the Cre ta ceous Bow ser Lake
Group. The only sig nif i cant un con formity lies be tween the
top of the Telkwa and the Smithers For ma tion. This in ter -
preted paraconformity would imply that the Telkwa was
not folded prior to deposition of the Smithers Formation.

The lower Telkwa and un der ly ing strati graphic units
were near the brit tle-duc tile bound ary for crustal rocks
(10 km depth) in Mid dle Ju ras sic time, when Telkwa vol ca -
nism was com ing to an end, and much deeper with de po si -
tion of the Bow ser Lake Group. These burial depths are
sup ported by re gional ze o lite to low est greenschist fa cies
meta mor phic grade within the Telkwa, and greenschist to
lower am phi bo lite grade in the stratigraphically and struc -

tur ally un der ly ing rocks of the Zymoetz Group and Kitselas 
fa cies. This model would ex plain the prev a lence of brit tle
rather than duc tile fea tures within the up per Telkwa and
higher stra tig ra phy as so ci ated with this event, com pared to
fold ing and de vel op ment of cleavage at deeper crustal
levels.

Metamorphism of the Kitselas Facies

The Kitselas fa cies has been meta mor phosed to
greenschist to lower am phi bo lite fa cies, whereas the co eval 
Telkwa For ma tion is only meta mor phosed to ze o lite or
low est greenschist fa cies. The dif fer ence in meta mor phic
grade has been ex plained by a thrust fault along the Skeena
River fault zone, plac ing Telkwa on top of Kitselas and
youn ger strata, as seen in Fig ure 8 (Gareau et al., 1997b;
Nel son and Ken nedy, 2007). Gareau et al. (1997b) in ter -
preted this fault as a top-to-the-north east de tach ment. The
struc tural data show lim ited ev i dence of these low-an gle
struc tures. Four elon ga tion lineations with val ues of ap -
prox i mately 035°/10° were mea sured within the Gitaus do -
main. If these are stretch ing fab rics, then fo li a tion ob served 
within this do main could be a tec tonic fab ric along a
curviplanar de tach ment sur face. Given the par al lel ism of
these lineations with the hinge-line ori en ta tion and the sim -
i lar at ti tudes of foliations be tween the Gitaus and Kitselas
do mains, it is likely that these lineations are as so ci ated with 
north east-south west com pres sion, not ex ten sion. How -
ever, the du pli ca tion of the stra tig ra phy noted at the north -
west edge of the down-plunge pro jec tion as so ci ated with
the Skeena River fault zone still sup ports the pos si bil ity of
top-to-the-north east thrust imbrication. This thrust is re -
stricted to post–Early Cre ta ceous, as it af fects the Bow ser
Lake Group, and pre-Eocene as it is cross cut by Eocene in -
tru sions. In terms of style, tim ing and the ob served ori en ta -
tion of the thrust (cut ting up-sec tion to wards the north east), 
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Fig ure 7. Stereonets de scrib ing de for ma tion as so ci ated with the for ma tion of the Kitsumkalum-Kitimat graben: a) poles to fo li a tion (black
dots) and elon ga tion lineations (red tri an gles); b) poles to brit tle shear sur faces (black dots) and slickenlines (red tri an gles). These rep re -
sent the duc tile and brit tle phases of the nor mal fault de fin ing the east ern edge of the Kitsumkalum-Kitimat graben. The mo tion, de scribed
by duc tile and brit tle lineations, is at an ori en ta tion of 259°/45°.



the Skeena River fault zone matches other structures
attributed to the Skeena fold-and-thrust belt by Evenchick
(1991).

Two sets of south west-verg ing thrust faults ac tive be -
tween 87 and 59 Ma have been doc u mented in the re gion
west of the map area (Andronicus et al., 2003). Nei ther
mapped re la tions in the Ter race area nor the struc tural data
set in this study can be linked to this fault ing. North east -
ward de tach ment along the Skeena River fault zone, 
al though not well doc u mented in this study, may
have oc curred con tem po ra ne ous with the Shames
River my lon ite zone and other north east ward-di -
rected shear ing at ap prox i mately 54–47 Ma (Heah,
1991; Andronicus et al., 2003).

Kitsumkalum-Kitimat Graben

The most re cent ma jor struc tural event in the
Ter race area is ex ten sion as so ci ated with the
Kitsumkalum-Kitimat graben. The Kitsumkalum
pluton is cut by a nor mal fault along which both brit -
tle and duc tile de for ma tion are ap par ent. The fault
strikes south-south east and dips mod er ately south -
west, per pen dic u lar to axes of north east-plung ing
folds, lead ing to the in ter pre ta tion that the a-c joint
plane of the folds was an ini tial weak ness along
which the fault de vel oped. Top-down-to-the-west
mo tion on a fault of this ori en ta tion would lead to
ro ta tion of the footwall block, giv ing the re gional
east-north east plunge of the hinge lines and dip of
the layering.

There are nu mer ous smaller faults to the east of
the main nor mal fault that are par al lel to it. Some of
these are cut by apophyses of the Kleanza pluton,
whereas oth ers off set them. Their sense of mo tion is 
also vari able: some are top-down-to-the-west, oth -
ers are top-up-to-the-east. Thus, they can not be sim -
ply co eval with the east ern fault of the Kitsum -
kalum-Kitimat graben. The youn ger (post-

Kleanza) faults can be ex plained by lo cal stress be ing ac -
com mo dated by the same a-c joint plane in folds.

The age of the Kitsumkalum-Kitimat graben is Eocene
or youn ger be cause it trun cates both the de formed
Kitsumkalum pluton and plutons of the undeformed 53 Ma
Car pen ter Creek suite. This age is con sis tent with steeper
nor mal fault ing suc ceed ing the shal low de tach ments of the
Skeena River fault zone and the Shames River my lon ite
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Fig ure 9. Sche matic di a gram of a ‘Christ mas tree’ laccolith, rep re sent ing
the ex treme end-mem ber case. The Kleanza pluton shows some of the
char ac ter is tics of a Christ mas tree laccolith but dif fers from this model be -
cause it is ac tu ally feed ing a vol ca nic vent above (Corry, 1988).

Fig ure 8. Down-plunge pro jec tion (with out ver ti cal ex ag ger a tion). The base of the pro jec tion fol lows the trace of the Kitsumkalum-Kitimat
graben. The red lines high light the ap prox i mate ex tent of the Kleanza pluton, in di cat ing its ‘Christ mas tree’ form. The white line traces the
ap prox i mate ori en ta tion of the Skeena River fault zone.



zone, but be ing a re sult of the same extensional event
(Heah, 1991).

Kleanza Pluton

The shape of the Kleanza pluton in the down-plunge
pro jec tion (Fig ure 8) is sim i lar to that of ‘Christ mas tree’
laccoliths (Corry, 1988). A Christ mas tree laccolith (Fig -
ure 9) forms when parts of an in tru sion spread out par al lel
to lay er ing at var i ous depths. For all in tru sions, ris ing
magma be comes neu trally buoy ant and stops when the den -
sity of the magma equals that of the sur round ing coun try
rock. The Kleanza pluton seems to be or dered into sev eral
(paleo-) hor i zon tally ex ten sive lay ers, as out lined on Fig -
ure 8. Since the pluton is in ter preted as the dom i nant lo cal
feeder for the Telkwa vol ca nic rocks, each layer would
have led to a thick en ing of the over ly ing vol ca nic pack age,
re sult ing in in creased pres sure in side the magma cham ber.
This would have made the magma pos i tively buoy ant, lead -
ing to the for ma tion of a shal lower magma cham ber. Em -
place ment of the Kleanza suite could have led to the ir reg u -
lar lay er ing of the do mains that lie above it, in cross-
sec tion, both through paleoslopes of the volcanic edifice(s)
and through doming over the intrusion.

Implications for Geological History

Anal y sis of struc tural data col lected dur ing the Ter race 
re gional map ping pro ject has con trib uted to an un der stand -
ing of the lo cal geo log i cal his tory in the area. The se quence
of events re corded by these rocks is as out lined be low. Vol -
ca nic and as so ci ated in tru sive units of the Mount Attree
vol ca nic com plex de vel oped in an is land-arc set ting dur ing
late Pa leo zoic time. This arc be came dor mant, al low ing for
the pro lific bi o log i cal ac tiv ity that gave rise to Am bi tion
For ma tion lime stone in Perm ian time, fol lowed by deep -
water, starved basinal con di tions in the Tri as sic. The mag -
matic arc was re ac ti vated in the Early Ju ras sic. A nearly
10 km thick suc ces sion of Telkwa vol ca nic rocks was de -
pos ited, to gether with in tru sion of the Kleanza pluton. In
mid-Ju ras sic time, vol ca nism was suc ceeded by sub aque -
ous de po si tion of the Smithers For ma tion. The shift from
subaerial to sub aque ous con di tions sug gests sub si dence as -
so ci ated with the cool ing of the is land-arc root. Con tin ued
sub si dence would al low de po si tion of the fine-grained
Troy Ridge fa cies, pos si bly ac com pa nied by re gional ex -
ten sion (J-F. Gagnon, pers comm to J. Nel son, 2008).
Clastic in flux began in the Late Jurassic (Oxfordian) and
deposition into the Bowser Basin continued up to Early
Cretaceous time.

North east-vergent thrust ing along the Skeena River
fault zone bur ied the Kitselas fa cies of the Telkwa For ma -
tion un der a hangingwall of Pa leo zoic and youn ger strata
dur ing the mid-Cre ta ceous. The Paleocene Kitsumkalum
pluton in truded this as sem blage and was later de formed
with it. Sim i larly, lat est Cre ta ceous granitoid rocks in -
truded the hangingwall and were folded along with it into
gently north east-plung ing folds with steep axial planes.

Megascopic north east erly folds lie in the hangingwall
of the Shames River fault zone, a listric, north west-strik ing, 
down-to-the-east Eocene nor mal fault ex posed 20 km west
of Ter race. West of the Shames River fault, mylonitized
deeper crustal rocks were ex posed by a shal lowly dip ping,
top-to-the-north east de tach ment zone. The Shames River
fault is re garded as a late-stage ex pres sion of the same

crustal ex ten sion event, which over all oc curred be tween
54 and 47 Ma (Andronicos et al., 2003). This mid-crustal
ex ten sion was co eval with postkinematic plutons of the
Car pen ter Lake suite, which cut north east erly-trending
folds east of the Shames River fault. There fore, the fold ing,
which is post 69 Ma, pre dated Eocene top-to-the-north east
extension.

Ter tiary north east erly folds along the Skeena arch al -
low the hy poth e sis that it could have been re ac ti vated as an
orogen-nor mal compressional struc ture. Late Cre ta ceous
to Eocene dextral strike-slip mo tion was wide spread in the
Cor dil lera. The Skeena arch may have acted as a re strain ing 
bend, with transcurrent mo tion step ping west from the
Cordilleran in te rior into the Coast Plutonic Com plex and
farther outboard.

In the Ter race area, con tin ued east-north east-di rected
ex ten sion dur ing the early Eocene re ac ti vated the Skeena
River fault zone and gave rise to the Kitsumkalum-Kitimat
graben. Orig i nally hor i zon tal, north east erly-trending folds
to the east of the graben were ro tated into their cur rent
north east-plung ing orientation.

CONCLUSIONS

Three de for ma tion events were iden ti fied in the Ter -
race area. The first pro duced the north east-vergent Skeena
fold-and-thrust belt in mid-Cre ta ceous time. The sec ond in -
volved north west-south east com pres sion, which gave rise
to folds that af fected the Pa leo zoic to Early Cre ta ceous suc -
ces sion and plutons as young as Late Cre ta ceous. Folds
trend par al lel to the Skeena arch, sug gest ing this com -
pressional event in volved struc tural re ac ti va tion of the
arch. This was suc ceeded by ex ten sion and the for ma tion of 
steep, west-south west- and east-north east-dip ping nor mal
faults that de fine the east ern and west ern edges of the Kit -
sumkalum-Kitimat graben, re spec tively. The east ern
bound ing fault is in ter preted to have formed along the a-c
joint set of the ear lier folds, and was likely re spon si ble for
ro tat ing the footwall block to the east, giv ing rise to the
north east plunge of hinge lines and east ward dip of lay er -
ing. This block ro ta tion af fected an ap prox i mately 10 km
thick sec tion through the up per crust, ex pos ing the re la tion -
ships be tween the lo cal strata and the un der ly ing in tru sions.

The most prom i nent un an swered ques tion re sult ing
from the anal y sis pre sented here is the na ture of re gional
com pres sion lead ing to the north east-trending folds. A
more de tailed study can also pro vide in sight into the na ture
of the Skeena arch.
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Shan Deposit, East-Central British Columbia (NTS 103I/09):
An Emerging Deposit Model

by M.E. Venable1 and P.J. Wojdak

KEYWORDS: ex plo ra tion, mo lyb de num, South Shan

INTRODUCTION

While no min eral de posit looks ex actly like an other,
and none en tirely fol lows the clas sic text book mod els, mo -
lyb de num de pos its seem to be even more in di vid u al is tic.
Like wise, true ex plo ra tion case his to ries are rarely tidy.
Our work to date at Shan is a work in prog ress, in terms of
both find ing a model for it and de ter min ing the ex plo ra tion
tech niques most suited to in ves ti gat ing it. The fol low ing
his tory may serve as an ex am ple of what worked and what
did not, and will con cen trate on the Shan South part of the
prop erty, where the Las Margaritas zone is sub stan tially
min er al ized and largely in tact.

GENERAL

The Shan prop erty is lo cated 20 km north-north east of
Ter race, Brit ish Co lum bia and is close to ex ist ing road, rail,
power and port in fra struc ture. Log ging roads en ter the cen -
tral part of the prop erty along the north sides of Shan non
Creek and Hardscrabble Creek. BCM Re sources Corp. ob -
tained a 100% in ter est in the prop erty, then com pris ing six
claims (112 hect ares), from N.C. Carter in June 2005. It has
since been ex panded to 7604.5 hect ares (Fig ure 1).

The to pog ra phy of the Shan North and South pros pects 
in cludes two ridges fea tur ing rel a tively gen tle ter rain on
ridge tops that are bounded by steep flanks, and more rug -
ged ter rain on the north side of Hardscrabble Creek in the
area re ferred to as the McRea claims. A se ries of four creeks 
drains east ward into the Skeena River. Bed rock ex po sures
oc cur prin ci pally in drainages and as scat tered out crops on
ridge crests, al though out crop is more abun dant north of
Hardscrabble Creek in the McRea sec tor.

Mo lyb de num min er al iza tion iden ti fied to date is lo -
cated in three zones at Shan South (Las Margaritas zone,
Camp zone and Tri an gle zone) and in the Ba nana Lake cor -
ri dor at Shan North.

GEOLOGICAL SETTING

Regional Geology

The Shan prop erty is un der lain largely by gran ite to
granodiorite of the Eocene Car pen ter Creek pluton, an east -
ern lobe of the Coast plutonic com plex. The Car pen ter
Creek pluton, with a U-Pb date of 53 Ma on a zir con, un der -
lies an area of >1000 km2 and in cludes large ar eas of ho mo -
ge neous granodiorite, tonalite and gran ite (Nel son et al.,
2006). These gra nitic rocks in trude the Kitselas fa cies of
the Lower Ju ras sic Telkwa For ma tion, the low est unit of the 
Ju ras sic Hazelton Group. Kitselas rocks con sist of a lower
co her ent rhy o lite unit and an over ly ing volcaniclastic unit,
as well as some thin (60–220 m) ba salt ho ri zons. All units
are cut by later in ter me di ate to mafic dikes and nar row
(gen er ally <1 m), pink, fine-grained aplit ic dikes.

Property Geology

Mo lyb de num min er al iza tion is hosted mainly by the
in tru sive rocks (here af ter re ferred to as ‘granodiorite’),
gen er ally near the con tact with the Hazelton vol ca nic rocks
(Fig ure 2). Blocks of al tered vol ca nic rock of in ter me di ate
com po si tion, thought to be roof pen dants or large xe no -
liths, also host sig nif i cant min er al iza tion lo cally, but most
of the vol ca nic rocks ap pear to be only weakly min er al ized
and may mask un der ly ing min er al iza tion.

The Car pen ter Creek pluton, as ex posed on sur face and 
in drillcore, is gen er ally a me dium-grained granodiorite
with bi o tite as the ma jor mafic min eral. The rock is gen er -
ally hy dro ther mally al tered and de tails of its orig i nal com -
po si tion are ob scured, mak ing de lin ea tion of phases dif fi -
cult. A some what coarser and pos si bly more potassic phase
was drilled at depth in some holes. Given the ex ten sive
potassic al ter ation of the coarser phase where it was drilled,
it is un cer tain whether the orig i nal com po si tion dif fered
from that of the rest of the pluton.

The vol ca nic rocks are gen er ally found as float on the
sur face and are best seen in drillcore. Tex tures vary from
apha ni tic to por phy ritic, with plagioclase crys tals up to a
centi metre in length. The rocks are com monly al tered, but
the orig i nal com po si tion is in ter preted to have been in ter -
me di ate to mafic. The vol ca nic rocks are com monly found
in one drillhole but not in ad ja cent ones, and may oc cur as
roof pen dants or large xe no liths. In some in stances, these
rocks may be shal low in tru sions. Rhyolitic rocks with tex -
tures typ i cal of the up per Kitselas fa cies are found in some
drillholes and sur face ex po sures, but they gen er ally oc cur
in mar ginal ar eas away from sig nif i cant min er al iza tion.
Con tact meta mor phic ef fects are not ap par ent.

Struc tural fea tures in clude a north-north west-strik ing
strike-slip fault, along which a postmineralization dis -
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Fig ure 1. Lo ca tion of the Shan South part of the BCM Re sources Corp. prop erty.

Fig ure 2. Ge ol ogy of the Shan South prop erty. Adapted from Nel son et al. (2006) and Riocanex 1:10 000 scale geo log i cal map,
with mod i fi ca tions based on re cent map ping.



place ment of ~1 km is sug gested from off set of mod elled
aero mag net ic data pat terns. There may also be other faults
fea tur ing lesser dis place ment, such as a pos si ble north-
north east-strik ing fault along Mo lyb de num Creek (un of fi -
cial name), the site of the his tor i cal Shan adit (Fig ure 2).
This and other pos si ble struc tures have been in ferred from
top o graphic breaks and lin ear de pres sions, and from ob ser -
va tions of some drillholes and bed rock ex po sures. Both
steeply dip ping, brecciated, north-north east- and north-
north west-strik ing veins and gently north east-dip ping
sheeted veins have been ob served on the prop erty.

Sev eral faults were in ter sected in drillholes. Some of
these host Mo min er al iza tion, while oth ers ap pear to trun -
cate min er al ized zones. These gen er ally oc cur as zones of
fault gouge rang ing up to sev eral metres in width, but the
sense and mag ni tude of dis place ment can not be de ter -
mined.

Molybdenum Mineralization

Mo lyb de num min er al iza tion is prin ci pally in the form
of mo lyb de nite and is com monly found as so ci ated with
quartz veins, gen er ally in sheeted veins with den si ties of up
to sev eral veins per metre of core length. Veins range in
width from a few milli metres to sev eral metres, but most are 
no more than a few centi metres in width, and veins of
greater widths are gen er ally more weakly min er al ized. Mo -
lyb de nite also oc curs as frac ture coat ings up to 1 cm thick
with out quartz, and lo cally as low-grade dis sem i na tions.
Quartz-mo lyb de nite veins may also con tain py rite, mag ne -
tite and he ma tite, in any com bi na tion of the three, and lo -
cally chal co py rite as well.

A petrographic study of pol ished thin sec tions by Van -
cou ver GeoTech Labs from a sam ple cho sen for its va ri ety
of min eral phases re ported the fol low ing (Van cou ver
GeoTech Labs, 2006):

“An early stage euhedral py rite is now largely re -
placed by later he ma tite. This euhedral py rite is
fol lowed by a later phase of more abun dant
anhedral py rite lenses. The anhedral py rite is cut
by veinlets and frac ture fill ings of later chal co py -
rite with bornite in clu sions and cal cite. The mo -
lyb de nite ap pears to be late stage as so ci ated with
seri cite and spa tially as so ci ated with the he ma tite
re place ment. Some of the he ma tite could be pri -
mary. The mo lyb de nite is not as so ci ated with
chal co py rite and anhedral py rite. Mag ne tite is
only ob served as so ci ated with chlorite de vel op -
ment.”

Of the 2795 drillcore sam ples col lected and an a lyzed
by BCM Re sources dur ing its drill pro grams, 327 were at or 
above 0.06% Mo (max i mum value of 2.80%), 56 con tained
0.1% Cu or greater (max i mum value of 1.74%), 39 con -
tained 0.1% or more Zn (max i mum value of 2%), 5 con -
tained 0.1% or more Pb (max i mum value of 0.27%), and 26
con tained >10 ppm Ag (high of 299 ppm). There is lit tle
cor re la tion be tween any of these el e ments, al though  Pb, Zn 
and Ag min er al iza tion gen er ally tend to oc cur to gether.
Cop per does not cor re late with Mo, and high Mo as say val -
ues com monly oc cur in ar eas of low Cu, and vice versa. As
can be seen in Ta ble 1, high Cu val ues are more likely to oc -
cur in sam ples with Mo min er al iza tion, but Cu can be
nearly as abun dant in low-grade Mo sam ples as high-grade
ones, which is re flected in a de crease of the Mo:Cu ra tio

with in creas ing Mo grade. All min er al iza tion ap pears to oc -
cur in the same gen eral area, but the paragenesis is un clear,
and the dis tri bu tion of var i ous el e ments may re sult from a
num ber of fac tors. Not with stand ing this un cer tainty, Mo is
the most prev a lent metal.

In 2008, a lim ited num ber of sam ples were as sayed for
Re con tent. Re sults in di cate an av er age of 1 ppm Re for ev -
ery 10 000 ppm Mo (i.e., suf fi cient to add eco nomic value
to the de posit). The Re con tent of the mo lyb de nite is on the
high end for Mo por phyry sys tems; in gen eral, the higher
the Re:Mo ra tio, the more abun dant the Cu (K. Krahulec,
pers comm, 2008).

Anhydrite was ob served in min er al ized zones in sev -
eral drillholes, and was ini tially mis iden ti fied as flu o rite;
three flu o rine anal y ses were un der taken on pre vi ously sub -
mit ted drill sam ples thought to con tain flu o rite and re turned 
val ues of be tween 0.02 and 0.04% F. Riocanex re ported
val ues of up to nearly 0.5% F from their drillholes (Haynes
and Knight, 1980).

Alteration

The typ i cal al ter ation in the Las Margaritas zone is a
mix of sericitic and potassic (K-feld spar), with lo cal
argillic. Potassic al ter ation is com mon along frac tures and,
in some cases, may over print sericitic al ter ation, which is
more per va sive. The stron gest min er al iza tion is com monly
as so ci ated with sericitic al ter ation with or with out a
potassic over print. Mar ginal to zones of better min er al iza -
tion, mo lyb de nite oc curs in frac tures and veins with
potassic selvages, or in quartz veins and frac tures in rel a -
tively un al tered hostrocks. Potassic and sericitic al ter ation
are also pres ent in ar eas de void of mo lyb de nite, al though
they are not com monly found to gether ex cept in min er al -
ized ar eas. Vol ca nic and re lated high-level in tru sive rocks
are com monly propylitized, al though potassic al ter ation
along frac tures and argillic al ter ation within fault zones
have been noted. Some late mafic dikes are es sen tially un -
al tered. An ef fort was made to iden tify a pat tern in the var i -
ous styles of al ter ation but none was found.

PREVIOUS EXPLORATION

First known as the Nichol son Creek and later as the
Sak show ings, quartz veins with py rite and mo lyb de nite
were dis cov ered south of Shan non Creek (for merly known
as Nichol son Creek) prior to 1928. Ex plo ra tion work com -
pleted by the Nichol son Creek Min ing Com pany be tween
1934 and 1940 in cluded an adit at an el e va tion of about
470 m, which was driven ~500 m in a south-south west erly
di rec tion be neath a trib u tary of Shan non Creek known lo -
cally as Mo lyb de num Creek. The adit was ex ca vated to ex -
plore for Au and Ag, which were not en coun tered, but Mo
as says up to 0.42% were re ported from small quartz veins
(Kin dle, 1937).

In the late 1960s, Kokanee Re sources Ltd. blasted
shal low trenches in the area of Shan South now re ferred to
as the Camp zone, and sub se quently com pleted 1650 m of
di a mond-drill ing in 11 holes. This drill ing pro gram re cov -
ered small di am e ter (EX) core from shal lowly in clined
holes (N.C. Carter, pers comm, 2006). These holes en coun -
tered scat tered Mo min er al iza tion in all ex cept one hole;
mod est in ter cepts in six holes in cluded 50 m grad ing
0.065% Mo and 15 m grad ing 0.151% Mo.
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In 1971, New Gold Star Mines car ried out soil sam -
pling in the Shan South area, con sist ing of sam ples col -
lected at 30 m in ter vals along lines spaced 125 m apart over
8.7  line-km of grid (Venkataramani, 1972). Soil sam ples
were ob tained us ing an au ger and yielded up to 700 ppm
Mo.

In 1975, In ter na tional Shasta Re sources Ltd com -
pleted a small pro gram that in cluded geo log i cal re con nais -
sance, stream sed i ment sam pling and a frac ture anal y sis
study us ing ae rial pho tos (Blanchet, 1975). Work was fo -
cused on the south side of the Shan South ridge, ex tend ing
east ward nearly to the Skeena River. In ad di tion to ex am in -
ing the Camp zone work ings, the work iden ti fied two ar eas
in ter preted as hav ing po ten tial for Mo min er al iza tion in
granodiorite at shal low depth be low rel a tively unmineral -
ized vol ca nic rocks.

In 1979, Rio Tinto Ca na dian Ex plo ra tion Ltd. (Rio -
canex) mapped and sam pled Mo lyb de num Creek and its
trib u tary, Calhoun Creek (un of fi cial name), and car ried out
1:10 000 scale geo log i cal map ping over a broader area that
in cluded both the cur rent Shan North and Shan South
zones. A 60 line-km soil sam pling sur vey was also com -
pleted over the mapped area and an ex per i men tal IP line
was com pleted at Shan South (Haynes and Knight, 1980).
The soil sur vey had a sam ple spac ing of about 100 m along
lines spaced 150 m apart over Shan South, and was a bit
tighter over Shan North. This work was fol lowed by 969 m
of di a mond-drill ing in two in clined holes trending roughly
east and west from the same col lar on the north slope of the
Shan South zone, im me di ately west of Mo lyb de num
Creek. Re ports in di cate that the drillholes en coun tered nar -
row but oc ca sion ally high-grade in ter cepts of Mo min er al -
iza tion. In 1980, Riocanex com pleted four ad di tional IP
lines around and to the north of the 1979 drillholes. The IP
sur vey was ham pered by steep ter rain and, al though it iden -
ti fied some anom a lous ar eas, these were dis missed as hav -
ing been tested by prior drillholes.

EXPLORATION BY BCM RESOURCES
CORP.

Initial Work

BCM Re sources Corp. com menced its ex plo ra tion
pro gram with an aero mag net ic sur vey in No vem ber 2005,
cov er ing a 4.4 km2 area about 2 km west and south of the
Shan adit. The first field work in volved sur face sam pling
and map ping on the Shan South ridge in the sum mer of
2006. Both the 1971 soil sur vey and the 1:10 000 scale geo -
log i cal and geo chem i cal maps pre pared by Riocanex in
1980 were used to iden tify po ten tially min er al ized ar eas

that were sub se quently lo cated and ex am ined. While it was
ap par ent early on that there was a cor re la tion be tween
anom a lous Mo val ues in the 1971 soil sur vey and un der ly -
ing min er al iza tion, de tailed pros pect ing and strip ping of
moss to find small min er al ized out crops was re quired. The
lim ited bed rock ex po sure rarely al lowed a clear de ter mi na -
tion of vein at ti tude. A se ries of steeply dip ping min er al ized 
zones was in ferred, how ever, and ini tial drillholes were lo -
cated to test the in ter sec tion of two ma jor struc tures.

Sev eral con clu sions were drawn from this field work.
First, the 1971 soil sam pling, which was done us ing an au -
ger, proved to be far more ef fec tive in lo cat ing min er al iza -
tion than the 1979 sur vey done with a mat tock, pos si bly be -
cause the au ger could col lect sam ples at a greater depth.
The ear lier sur vey yielded Mo val ues in the hun dreds of
parts per mil lion in min er al ized ar eas, whereas the 1979
sur vey re turned val ues in the tens of parts per mil lion. Sec -
ond, the 1979 geo log i cal map ping iden ti fied mainly the rel -
a tively fresh and bar ren bed rock that re sists ero sion. De -
tailed pros pect ing guided by the 1971 soil sur vey was more
ef fec tive at lo cat ing better min er al ized ar eas, which are
gen er ally re ces sive due to as so ci ated al ter ation and dif fer -
en tial weath er ing. This sug gests that it is more ef fec tive to
do fol low-up map ping to check geo chem i cal anom a lies
than to map si mul ta neously with geo chem i cal sam pling.
Our ob ser va tions in this re gard also led to tar get ing the low-
ly ing swampy ar eas on the ridge top that might mask sig nif -
i cant min er al iza tion. Third, it was rec og nized that the ‘spu -
ri ous’ py rite ob served in some ar eas could pro duce an IP re -
sponse un re lated to mo lyb de num min er al iza tion. Fourth,
the high est-grade Mo min er al iza tion seemed to co in cide
with ar eas of low mag netic in ten sity ad ja cent to mag netic
highs. It was hy poth e sized that the mag netic highs might
rep re sent a caus ative in tru sion.

Phase 1 and Phase 2 Drilling

Di a mond-drill ing be gan in the fall of 2006 (Fig ure 3).
Ini tial holes in ter sected sub stan tial min er al iza tion and
work con tin ued un til heavy snow fall ended the pro gram in
late No vem ber at a to tal of 20 holes (3496 m of BTW core).
The new mo lyb de nite zone, lo cated 500 m west-north west
of the pre vi ously known Camp zone, was named ‘Las
Margaritas’. Thir teen holes con tained sig nif i cant mo lyb de -
nite in ter cepts, most no ta bly in drillholes 1, 3 and 7. How -
ever, some ap par ently good min er al iza tion in sur face out -
crops was found not to ex tend to depth. In ter pre ta tion of the 
Las Margaritas zone was re vised to in clude sev eral steeply
dip ping min er al ized struc tures or, al ter na tively, one gently
dip ping zone. Based on sparse sur face data, a steep ori en ta -
tion for the min er al ized zone was mod elled to plan the next
se ries of drillholes.
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Table 1. Comparison of Mo and Cu mineralization on the Shan South property.
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Fig ure 3. Lo ca tions of di a mond-drill holes, Shan South prop erty.

Fig ure 4. Lo ca tions of min er al ized zones and sec tions, Shan South prop erty.



Phase 2 drill ing, con sist ing of 5682 m of HQ drill ing in
16 holes, was car ried out in the spring of 2007. The first fan
of holes was drilled un der the best phase 1 in ter cepts, to in -
ter sect what was hy poth e sized to be the prin ci pal struc ture,
strik ing east and dip ping steeply south. Al though min er al -
iza tion was in ter cepted at depth, it did not match the pat tern
that was ex pected in a steeply south-dip ping min er al ized
body; in fact, holes 23 and 24 ap peared to have in ter sected a 
shal lowly north-dip ping min er al ized zone (see Fig ures
4, 5). A sec ond ary drill tar get was the edge of a mag netic
high in ter preted to cor re spond to the con tact be tween the
granodiorite and the vol ca nic hostrocks, where min er al iza -
tion and stron ger al ter ation were en coun tered in phase 1
drill ing. One of these holes, hole 27, en coun tered strong
min er al iza tion and has the lon gest and most highly min er -
al ized drill in ter cept to date, be gin ning in granodiorite near
the con tact with the vol ca nic hostrocks and re main ing in
min er al ized and al tered rock through out most of its length
(Fig ure 6). Quartz-mo lyb de nite veins in the hole are
subparallel and in ter sect drillcore at a smaller an gle than
pre dicted for a steeply south-dip ping zone. Gently dip ping
min er al ized zones are a likely al ter na tive, a con clu sion sup -
ported by gently dip ping vein ing en coun tered in sev eral
ver ti cal holes drilled as part of the phase 2 pro gram.
Granodiorite above and be tween these tab u lar zones is gen -
er ally less al tered and con tains only spo radic min er al iza -
tion. Sur face min er al iza tion in the Camp zone is thought to
be the eroded rem nant of a gently dip ping min er al ized zone
like those at Las Margaritas (Fig ure 7).

A zone of min er al ized fault gouge en coun tered at the
end of hole 27 (re ferred to here af ter as the hole 27 FZ) was

not found in ad ja cent holes 36 and 37, which sug gests that it 
might rep re sent a steeply dip ping struc ture; this could be a
feeder zone (see Fig ure 3). In ter vals of fault gouge, such as
the one in ter sected at the end of hole 27 FZ, com monly con -
tain Ag val ues rang ing from 10 ppm to nearly 300 ppm,
plus trace amounts of Pb and Zn. These are thought to be
steeply dip ping fault zones with mul ti ple ep i sodes of move -
ment and min er al iza tion. The cur rent in ter pre ta tion is that
Mo was in tro duced along these con duits and spread out into 
a se ries of gently dip ping frac tures at shal low depth.

Summer 2007

In the sum mer of 2007, ad di tional map ping and sam -
pling were com pleted at Shan South, in clud ing rock, soil
and stream sed i ments; sim i lar map ping and sam pling were
started on Shan North. A gently dip ping zone of min er al iza -
tion, found in Calhoun Creek 400 m north east of the Camp
zone, was de ter mined to be as so ci ated with strongly anom -
a lous soils iden ti fied in both the 1971 and 1979 soil sur -
veys. This was named the Tri an gle zone and was tested by
phase 3 drill ing.

In ad di tion, an aero mag net ic sur vey was flown in July
2007 with 100 m line spac ing and a 100 m drape over the
greater Shan area (136 km2). Sub se quent 3-D mod el ling of
the re sults of this sur vey was used to better de fine ar eas of
mag ne tite de struc tion/al ter ation. The area of hole 27 FZ ap -
peared as a mag netic low, and the two gently dip ping zones
now thought to form the Las Margaritas min er al ized body
also co in cide with zones of low mag netic sus cep ti bil ity
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Fig ure 5. Sec tion 535800 E through the Up per and Lower Las Margaritas zones, Shan South prop erty (see Fig ure 4 for lo -
ca tion). Note that zones of Mo min er al iza tion are zones with sig nif i cant vis i ble Mo min er al iza tion that should be tested with
ad di tional drillholes, and in clude in ter cepts with 0.06% Mo cut off, as quoted in press re leases (BCM Re sources Corp.,
2007).



(Fig ure 8). A hand-held mag netic sus cep ti bil ity me ter gave
read ings of 0.01–0.02 SI units of mag netic sus cep ti bil ity
for un al tered in tru sive rock, com pared to less than 0.001 SI
units for al tered in tru sive rock. It must be noted, how ever,
that these low sus cep ti bil ity zones are only per mis sive, and
can be al tered but not min er al ized. The 3-D mod el ling also
sug gested a north west-strik ing, steeply dip ping fault zone
im me di ately south of the Las Margaritas zone. Sub se quent
map ping en coun tered ev i dence of this fault in sev eral
drainages, and it was orig i nally noted as a ma jor struc ture in 
the 1975 airphoto in ter pre ta tion work. Al though the sense
of move ment along this fault is not known, faults of this ori -
en ta tion in the re gion com monly have right-lat eral dis -

place ments of hun dreds of metres (J. Nel son, pers comm,
2008). The mag netic data for this area can be in ter preted to
show 800 m of fault dis place ment. Such an off set would
dis place po ten tially min er al ized rocks orig i nally lo cated to
the south west of Las Margaritas. Map ping and sam pling in
sum mer 2008, how ever, found only weak al ter ation and
min er al iza tion in the hy poth e sized, dis placed south west ern 
Las Margaritas block.

Phase 3 Drilling

Phase 3 drill ing in the fall of 2007 was lim ited and
tested the Tri an gle zone on the north slope of Shan South
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Fig ure 6. Sec tion 536000 E through the Lower Las Margaritas zone, Shan South prop erty (see Fig ure 4 for lo ca tion).
Note that zones of Mo min er al iza tion are zones with sig nif i cant vis i ble Mo min er al iza tion that should be tested with ad -
di tional drillholes, and in clude in ter cepts with 0.06% Mo cut off, as quoted in press re leases (BCM Re sources Corp.,
2007).



and the Ba nana Lake cor ri dor on Shan North. Holes in the
Tri an gle zone were drilled be neath ar eas of good sur face
out crop and in tense Mo anom a lies iden ti fied in both the
1971 and 1979 soil sur veys, but en coun tered only scat tered
nar row zones of min er al iza tion (gen er ally <1 m). It was
con cluded that the min er al ized zone dipped mod er ately
north rather than be ing hor i zon tal, as first thought, and that
the holes drilled were en tirely in the footwall of the min er -
al ized zone. The zone may ex tend be neath vol ca nic cover
east of Calhoun Creek and west of Mo lyb de num Creek
(Fig ure 9).

Summer 2008

Ad di tional map ping and sam pling in the sum mer of
2008 iden ti fied five po ten tial sat el lite zones of min er al iza -
tion largely con cealed be neath the less fa vour able vol ca nic

strata (see Fig ure 4). The prin ci pal tech nique was soil sam -
pling and moss-mat sam pling in streams to de tect zones of
leak age through the vol ca nic strata, plus pros pect ing and
sam pling in stream drainages, which com monly form along 
fault and frac ture zones. Moss-mat sam ples were col lected
be cause most streams con tained lit tle or no sed i ment suit -
able for sieved sam ples. Two sat el lite zones lie in the area
cov ered by the 1975 re con nais sance work (Blanchet,
1975), and roughly co in cide with the pre vi ously iden ti fied
ar eas of high frac ture den sity and anom a lous stream-sed i -
ment geo chem is try.

ECONOMIC POTENTIAL

Each of the two min er al ized zones at Las Margaritas is
about 350 m by 200 m in area and about 60 m thick, which
rep re sents be tween 10 and 12 mil lion tonnes of Mo-min er -
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Fig ure 7. Sec tion 536350 E, Shan South prop erty (see Fig ure 4 for lo ca tion). Note that zones of Mo min -
er al iza tion are zones with sig nif i cant vis i ble Mo min er al iza tion that should be tested with ad di tional
drillholes, and in clude in ter cepts with 0.06% Mo cut off, as quoted in press re leases (BCM Re sources
Corp., 2007).



al ized rock in each. The up per zone is open to the west and
the lower zone is open to the east. Av er age grades may be
~0.1% Mo through out most of these two zones, al though
this is largely spec u la tive and more drill ing is re quired to
de lin eate the min er al iza tion. Ad di tional zones may be pres -
ent be neath vol ca nic cover and over bur den, and ex plo r a -
tion is on go ing.

DISCUSSION AND CONCLUSIONS

The un der stand ing of the Las Margaritas min er al ized
zone and the ex plo ra tion for sim i lar sat el lite zones is a work 
in prog ress. Both the ex plo ra tion tech niques used to date
and the model for the Mo min er al iza tion are evolv ing with
each stage of ex plo ra tion. It now ap pears that the bulk of
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Fig ure 8. Mag netic sus cep ti bil ity sec tion (6058250 N) through the Las Margaritas zone, Shan
South prop erty (see Fig ure 4 for lo ca tion).

Fig ure 9. West-north west-trending sec tion through the Tri an gle zone su per im posed on aero mag net ic mod el ling re sults, Shan
South prop erty (see Fig ure 4 for lo ca tion).



min er al iza tion is found in gently dip ping tab u lar zones in
the up per part of the granodiorite in tru sive, and is as so ci -
ated with steep feeder zones along faults that un der went
mul ti ple ep i sodes of move ment and min er al iza tion. There
are at least three such zones and the pos si bil ity of sev eral
more.

Soil sam pling has been an ef fec tive ex plo ra tion tech -
nique, par tic u larly if an au ger is used for sam ple col lec tion
at 25–30 m in ter vals along lines spaced no more than 100 m
apart. De tailed geo log i cal map ping can then be fo cused in
ar eas of anom a lous Mo val ues in soil to find al ter ation and
min er al iza tion.

Moss-mat re sults in di cate that the tech nique may be
highly ef fec tive for de tect ing min er al iza tion be neath the
less fa vour able vol ca nic cover. In the area of the hy poth e -
sized west ern ex ten sion of the Tri an gle zone (Fig ures 4, 9),
moss-mat sam ples re turned strongly anom a lous Mo val ues
(up to 658 ppm) in ar eas of weak to neg li gi ble soil anom a -
lies. It is be lieved that this rep re sents Mo brought up by cir -
cu lat ing ground wa ter from min er al iza tion at depth along
struc tures re spon si ble for the lo cal iza tion of the streams.
Back ground val ues for sam ples from struc tur ally con -
trolled streams away from min er al iza tion are less than
10 ppm Mo.

When drill ing, it is ad vis able to drill at least one ver ti -
cal hole in a stra te gic lo ca tion fairly early on to gain a better
un der stand ing of the dip of min er al ized struc tures; al ter na -
tively, tech niques for re cov er ing ori ented drillcore might
be used.

Mo lyb de num min er al iza tion at Shan oc curs in
subhorizontal tab u lar zones near the roof of the Car pen ter
Lake granodiorite batholith. Lo ca tion of the Mo zones is
gov erned by a steep north-north east-strik ing fault from
which min er al iz ing flu ids are in ter preted to have spread lat -
er ally into gently dip ping frac tures, pos si bly de vel oped in
the case of the lower Las Margaritas zone near a subhoriz -
ontal con tact be tween an up per me dium-grained and lower
coarse-grained phase of the pluton.

Al though Cu is lo cally pres ent, Shan be longs clearly to 
the stockwork Mo group of de pos its; it is not a por phyry
Cu-Mo de posit. Cop per and mo lyb de num min er als have a
dif fer ent paragenesis and dis tri bu tion and do not cor re late.
Rhe nium con tent is com pa ra ble to stockwork Mo de pos its

and be low the range com monly found in por phyry Cu-Mo
de pos its.

An on go ing study of stockwork Mo de pos its in north -
west ern BC by the sec ond au thor shows a clear sep a ra tion
into two groups. Shan is com pa ra ble to the Endako, Storie
and Ruby Creek de pos its. Mo lyb de nite oc curs in a
subhorizontal zone near the mar gin or top of a batholith,
com monly near a phase bound ary that is char ac ter ized by a
change in grain size rather than com po si tion. A subvertical
feeder zone may be pres ent but is not (as yet) an eco nomic
com po nent of the ore zone. Batholith-as so ci ated sys tems
are pas sive (brecciation is rarely ev i dent) and the amount of 
in tro duced quartz is low.
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Atlin-Taku Mineral Resource Assessment, Northwestern British Columbia
(Parts of NTS 104F, J, K, L, M, N): Methodology and Results
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INTRODUCTION

The wise use of re new able and nonrenewable re -
sources is an im por tant is sue for Brit ish Columbians. Gov -
ern ment agen cies and other groups in the prov ince are com -
mit ted to land-use pro cesses that lead to the best pos si ble
decisions.

A com mon el e ment in plan ning the ad min is tra tion of
the land sur face—or base—is to col lect in for ma tion that
sum ma rizes cur rent and po ten tial uses of an area un der con -
sid er ation for a change of use. This in for ma tion should en -
com pass all mea sures of value of the land, such as cul tural,
eco nomic, en vi ron men tal or wild life. Brit ish Co lum bia has
a well-es tab lished pro ce dure for land-use as sess ment,
which in cludes min eral po ten tial as sess ment to con sider
both known and po ten tial subsurface min eral re sources.
The prov ince-wide Level 1 Min eral Re source As sess -
ment (MRA1) was com pleted in the 1990s by the Brit ish
Co lum bia Geo log i cal Sur vey (BCGS) of the Min is try of
En ergy, Mines and Pe tro leum Re sources. Sev eral ad di -
tional re gional as sess ments, such as North Coast, Cen tral
Coast and Lillooet, have been un der taken since then (Mac -
In tyre et al., 2003). These Level 2 Min eral Resource As -
sess ments (MRA2) gen er ally in volved sub di vi sion of ex -
ist ing tracts and re dis tri bu tion of the Level 1 val ues to these
new tracts or, in the case of Atlin-Taku, new as sess ments.
The methodologies employed in the Level 1 and 2
assessments were described by MacIntyre et al. (2003).

The BCGS was asked by the In te grated Land Man age -
ment Bu reau of the Min is try of Ag ri cul ture and Lands to
un der take a Level 2 Min eral Re source As sess ment of the
Atlin-Taku land-use plan ning area, which en com passes ap -
prox i mately 4 mil lion hect ares in north west ern BC (Fig -
ure 2). The pri mary pur pose was to pro vide de tailed up-to-
date in for ma tion on me tal lic and in dus trial min eral re -
source po ten tial. Re source as sess ment was car ried out by
BCGS pro fes sion als and con trac tors in Sep tem ber 2008.
Fi nal re sults will be pre sented at a land-use plan ning work -
shop in late No vem ber 2008. This re port sum ma rizes the

meth od ol ogy used in the as sess ment and pro vides an ini tial
re view of the re sults, which are also avail able on the BCGS
MapPlace website (http://www.mapplace.ca).

MINERAL POTENTIAL PROJECT

Early in 1992, the BCGS launched the Min eral Po ten -
tial Pro ject (Kilby, 1992; Kilby, 1996). Its pur pose was to
pro vide min eral po ten tial in for ma tion to the Com mis sion
on Re sources and the En vi ron ment (CORE). The BCGS
ded i cated sig nif i cant staff re sources to the pro ject, which
resulted in the MRA1.

The first task of the Min eral Po ten tial Pro ject was to
de ter mine what in for ma tion was needed in land-use ne go ti -
a tions and then de velop a meth od ol ogy to pro duce this in -
for ma tion. A two-day work shop of par tic i pants with ex pe -
ri ence in pro duc ing and us ing a Min eral Re source
As sess ment (MRA) de ter mined that MRA prod ucts must
be quan ti ta tive rather than qual i ta tive, pro vide a rank ing of
the land base, have ex pert in put from the min ing and ex plo -
ra tion in dus tries, be com pat i ble with a geo graphic
information system (GIS) and be available on the Web.

Quan ti ta tive, eas ily un der stood re sults were nec es sary
be cause the Land Re source Man age ment Plan (LRMP)
pro cess in cludes us ers with non tech ni cal back grounds in
the de ci sion-mak ing pro cess; quan ti ta tive in for ma tion is a
pre ferred tool in so cio eco nomic anal y sis. Rank ing of the
land base was nec es sary be cause the new pro vin cial Pro -
tected Ar eas Strat egy re quired a pro tec tion tar get of 12% of
the land area in ev ery re gion, dou ble the pre vi ous level. A
ma jor ob jec tive of the Min eral Po ten tial Pro ject was there -
fore to rank the rel a tive min eral po ten tial so that plan ners

Geo log i cal Field work 2008, Pa per 2009-1 45

1 D.G. Mac In tyre and As so ci ates Ltd., Vic to ria, BC,
Don.Mac in tyre@shaw.ca

2 CalData Ltd., Kelowna, 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.
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could identify areas with the lowest relative
mineral potential.

The min ing and ex plo ra tion in dus tries in
BC have built an enor mous knowl edge base
that is not pub lic. In dus try co-op er a tion gave
the BCGS ac cess to some of this knowl edge
and al lowed fa mil iar iza tion of the pub lic-sec -
tor stake holders with the strengths and lim i ta -
tions of MRAs. The pro vin cial gov ern ment re -
quired that all in for ma tion for land-use
plan ning be in GIS-com pat i ble dig i tal for mat.
This en sured that in for ma tion could be eas ily
in cor po rated into the sys tems used by plan ners. 
In ad di tion, stor age in dig i tal for mat pro vides
for easy up grades in the fu ture. All data and
map prod ucts re ferred to in this report are
available through the MapPlace website.

MINERAL RESOURCE
ASSESSMENT METHODOLOGY

Deposit Models

De scrip tive mod els were de vel oped as part 
of the Level 1 MRA for min eral de pos its known 
and be lieved to ex ist in BC. This built on the
work by the United States Geo log i cal Sur vey
and oth ers (Cox and Singer, 1986), and up dated 
the mod els and re fined the list of char ac ter is tics 
ex pected in BC de pos its. Along with the de -
scrip tive mod els, a clas si fi ca tion frame work
was es tab lished in which de posit types were or -
dered ac cord ing to their ge netic char ac ter is tics (Lefebure
and Ray, 1995; Lefebure et al., 1995; Lefebure and Höy,
1996; Simandl et al., 1999).

De scrip tive de posit mod els are es sen tial to min eral re -
source as sess ment. They pro vide the stan dard iza tion re -
quired to un der stand a given de posit type, with ex am ples.
The de posit de scrip tions iden tify geo log i cal, geo chem i cal,
geo phys i cal, al ter ation and weathering features.

Geology Compilation

Min eral re source as sess ments rely on ac cu rate, up-to-
date geo log i cal in for ma tion about the dis tri bu tion of min -
eral re sources in the Earth’s crust. A ma jor task dur ing the
1990s was for the BCGS to com pile the ge ol ogy of the
prov ince at a scale of 1:250 000 (Kilby, 1994, 1995). All
avail able in for ma tion was com piled and dig i tized to form
the fi nal map prod uct. More than 30 per son-years were
ded i cated to the pro ject. Com pi la tions were pro duced in
GIS dig i tal for mat and are avail able over the Internet
(http://www.mapplace.ca). The BCGS en sures that new ge -
ol ogy from its field pro grams and other sources is up dated
for future mineral resource assessments.

Mineral Resource Assessment Tracts

Upon com ple tion of the com pi la tion, the area of the
prov ince was di vided into min eral as sess ment tracts. These
are based on com mon geo log i cal fea tures; their bound aries
cor re spond to ex ist ing geo log i cal con tacts, such as faults or 
in tru sive con tacts. Tracts be come the base unit ar eas for the
as sess ments. The Level 1 Min eral Re source As sess ment

de fined 794 tracts across the prov ince. The size of tracts
var ies but they are in tended for con sid er ation at a re gional
scale (e.g., 1:250 000). The av er age size of tracts in the
MRA1 as sess ment is about 100 000 ha. For each tract, per -
mis si ble de posit types were de ter mined and an es ti mate for
the prob a bil ity of their existence was made independently
by several geologists.

Mineral Resource Estimation Process

Staff of the BCGS de vel oped a Min eral De vel op ment
As sess ment pro cess based on the United States Geo log i cal
Sur vey’s Three Part Min eral As sess ment Meth od ol ogy
(Brew, 1992; Cox, 1993). The meth od ol ogy used for Atlin-
Taku was gen er ally the same as ear lier as sess ments, with
mi nor dif fer ences that are de scribed in this re port. The
Atlin-Taku as sess ment fol lowed the Level 2 meth od ol ogy
de scribed in Mac In tyre et al. (2003). This meth od ol ogy has
been used since 2003 for area-spe cific as sess ments, such as 
the North Coast, Cen tral Coast and Lillooet Land Resource
Management Plan (LRMP) areas.

A six-step pro cess is used for me tal lic min eral re source 
as sess ments:

1) com pile ge ol ogy
2) se lect min eral as sess ment tracts
3) tab u late dis cov ered re sources and con struct de posit

mod els
4) use a team of in dus try and gov ern ment geo log i cal ex -

perts to es ti mate the num ber of un dis cov ered de pos its
by de posit type and tract

5) es ti mate quan ti ties of me tal lic com mod i ties re main ing
to be dis cov ered us ing the Mark3B re source sim u la -
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Fig ure 2. Lo ca tion of the Atlin-Taku land-use plan ning area.
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tion com puter pro gram de vel oped by the United States
Geo log i cal Sur vey (Root et al., 1992)

6) es ti mate the in-place value of each tract based on the
un dis cov ered and known com mod i ties it con tains

For in dus trial min eral as sess ments, the first four steps
are the same. How ever, due to their higher de pend ence than 
me tal lic min er als on low-cost in fra struc ture and ac cess to
mar kets, a rel a tive rank ing of in dus trial min eral de posit
types was em ployed. In dus trial min eral de posit types are
given a rel a tive rank ing score from 1 to 100 based on their
value and vi a bil ity. This rel a tive de posit value score is used
to de ter mine the im por tance of each tract with re spect to un -
dis cov ered de pos its. The es ti mates are then blended with
the value of dis cov ered in dus trial min eral de pos its to pro -
duce the overall industrial mineral tract assessment
ranking.

Deposit Model Data Preparation

The two in puts re quired for the com puter sim u la tion
are

· the es ti mates of the po ten tial for new dis cov er ies; and
· the dig i tal de posit mod els de scrib ing the grade and

ton nage dis tri bu tion of each de posit type.

The dig i tal de posit model con tains a list of re al is tic de -
posit grades and ton nages for the model types that might be
found in the area be ing as sessed (Grunsky, 1995).

Known Mineral Resources

In the Level 1 Min eral Re source As sess ment, the fi nal
re source as sess ment value for each tract in cor po rated both
the known and yet-to-be-dis cov ered re sources. For Level 2
as sess ments, such as Atlin-Taku, known re sources were
pre sented as a sep a rate data layer and not used to rank tracts
for their un dis cov ered resources potential.

Commodity Values

A dol lar value was es tab lished for each com mod ity to
al low the cal cu la tion of gross in-place val ues for each tract.
In the Level 1 Min eral Re source As sess ment, the dol lar
value used for each com mod ity was the av er age mar ket
value of that com mod ity for the 10-year pe riod from 1981
to 1990. The dol lar val ues used for the Level 2 Atlin-Taku
Min eral Re source As sess ment de scribed in this re port are
based on Sep tem ber 2008 commodity prices.

Estimation Workshops

For all min eral re source as sess ments, gov ern ment and
in dus try ex perts are in vited to work shops to con trib ute
their knowl edge of the area be ing as sessed, based on their
fa mil iar ity with spe cific deposit types.

Geo log i cal data form the ba sis of all dis cus sions dur -
ing the ex pert work shops. At the work shops, this ba sic in -
for ma tion was pro vided both as pa per maps at var i ous
scales and as on line ac cess to the MapPlace website. Other
spa tial geoscience datasets, such as geo chem is try, min eral
oc cur rences and tract out lines, were su per im posed on the
ge ol ogy as over lays or plot ted di rectly on the printed maps.
For some datasets, such as geo phys i cal in for ma tion, it
proved to be more im por tant to have the sup port ing in for -
ma tion available in its original format.

In ad di tion to the in for ma tion pre sented in map for mat, 
a com pen dium of the fol low ing in for ma tion was pro vided
to each group of estimators:

· de scrip tive de posit mod els
· graphs of the dig i tal de posit mod els
· a list of de posit types with their me dian ton nages and

grades
· a map dis play ing all tracts in the study area
· a list of tracts and their ar eas
· a list of re source-bear ing de pos its by tract
· a list of all MINFILE oc cur rences by tract with in for -

ma tion on de posit type
· a track ing sheet for the group fa cil i ta tor to log es ti -

mates made
· the PC-based MINFILE/pc da ta base sys tem

Six es ti ma tors par tic i pated in the Atlin-Taku ex pert es -
ti ma tion work shop—four from in dus try and two from gov -
ern ment. This al lowed the cre ation of two groups of ex -
perts, with each group do ing es ti mates for spe cific de posit
types on a tract-by-tract ba sis. All of these in di vid u als had
ex ten sive knowl edge of the Atlin-Taku area through years
of ex plo ra tion and geo log i cal map ping work in the area.
This pro vided the ba sis for es ti mat ing the num ber of un dis -
cov ered deposits of each deposit type.

The Atlin-Taku as sess ment fol lowed the meth od ol ogy
used in other land-use stud ies, such as those for Lillooet
and Cen tral Coast. When re view ing the re sults of the as -
sess ment, the user needs to re mem ber the fol low ing points:

· The as sess ment only con sid ered tracts that were within 
or in ter sected the Atlin-Taku bound ary. Even if only a
small part of the tract was ac tu ally within the study
area, es ti mates were made for the en tire tract, not just
the area within the bound ary.

· The per-hect are val ues used to rank the tracts were
based on the en tire tract, not just that por tion within the
Atlin-Taku bound ary.

· The re source as sess ment ranked tracts ac cord ing to
their po ten tial for the dis cov ery of new re sources. The
as sess ment did not con sider eco nomic vi a bil ity of
these resources.

Tract Ranking

Fi nal rank ing of tracts for both the me tal lic and in dus -
trial min er als as sess ment were per formed in the same way
once the val ued es ti ma tion in for ma tion was merged with
the area in for ma tion. In the cal cu la tions, each tract was
ranked us ing each of the six con fi dence in ter val val ues, and 
then the six rank ings were weighted ac cord ing to prob a bil -
ity and com bined to pro duce the fi nal rank value. This was
done to iso late the es ti mates at the var i ous con fi dence lev -
els so they would not bias the fi nal rank ing score. This prac -
tice pre vents a high rank ing at a low con fi dence level from
over shad ow ing a lower ranking with a high confidence
level.

For each of the vari ables (con fi dence in ter val lev els),
the tract was as signed a rank based on that vari able nor mal -
ized for the size of the tract (its area). The rank num bers
ranged from 1, for the low est rank ing, to the to tal num ber of 
tracts for the high est ranked tract for that vari able. In the
case of Atlin-Taku, 67 tracts formed the as sess ment, so 67
was the high est rank ing. The rank num bers for each vari -
able were then weighted by their con fi dence value and
summed to give a to tal score for each tract. For the fi nal
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rank ing, scores for each of the tracts were sorted from low -
est to high est and as signed or di nal num bers from 1 to the to -
tal num ber of tracts, to give the final ranking.

The weightings as signed to the vari ables were 0.9 for
the 90% con fi dence value, 0.5 for 50%, 0.1 for 10%, 0.05
for 5% and 0.01 for 1%.

ATLIN-TAKU MINERAL RESOURCE
ASSESSMENT RESULTS

A new min eral re source as sess ment of the Atlin-Taku
land-use plan ning area was ini ti ated in Sep tem ber 2008,
un der a con tract awarded to D.G. Mac In tyre and As so ci ates 
Ltd. Prior to the ex pert work shops, tract bound aries from
the pre vi ous as sess ment were ad justed to re flect new geo -
log i cal knowl edge. Some larger tracts were sub di vided to
make as sess ment more man age able and to better re flect the
dis tri bu tion of known min eral re sources; these were CCPJ,
CCPJ2, STTR3, STTR4 and OLLJ1 (Table 1).

Metallic Mineral Assessment

A me tal lic min er als ex pert work shop was con vened at
Smithers on Sep tem ber 11. This work shop in volved six ex -
perts with spe cific knowl edge of the ge ol ogy and min eral
re sources of the study area and two fa cil i ta tors, D. Mac In -
tyre and W. Kilby. P. Desjardins of the BCGS as sisted with
or ga niz ing the work shops. It was not pos si ble to com -
plete a new as sess ment in the time al lot ted for the
Smithers meet ing, so a fol low-up meet ing was convened
in Victoria on September 17

At the work shops, es ti ma tors were asked ini tially to re -
view a ta ble of me dian grade and ton nage for a range of me -
tal lic de posit mod els. When es ti mat ing the num ber of un -
dis cov ered de pos its, they were asked to use these me dian
val ues for a typ i cal de posit. A list of me tal lic de posit
models is given in Table 1.

Dur ing the es ti ma tion pro cess, ex perts had ac cess to all 
avail able geo phys i cal, geo chem i cal and geo log i cal data.
On line ac cess to MINFILE and as sess ment re ports by ex -
plo ra tion com pa nies was also made avail able. Each group
re viewed the ge ol ogy and min eral re source en dow ment of
the study area on a tract-by-tract ba sis, pro vid ing es ti mates
for the num ber of un dis cov ered de pos its for each de posit
model at con fi dence lev els be tween 1 and 100%. In di vid ual 
es ti mates in cluded con fi dence rat ings from other peo ple at
the as sess ment ta ble. These rat ings were used to weight the
fi nal combined estimate of undiscovered deposits of each
deposit type.

The pre dicted num ber of un dis cov ered de pos its was
re cast to the 90, 50, 10, 5 and 1% con fi dence lev els. This
pro vided in put for the Mark3B re source sim u la tion pro -
gram de vel oped by the United States Geo log i cal Sur vey
(Root et al., 1992). Out put from the pro gram is in the form
of pre dicted tonnes of metal at the 90, 50, 10, 5 and 1% con -
fi dence lev els for each de posit type. The prob a bil ity anal y -
sis is based on grade and ton nage data from BC de pos its
and. where ap pro pri ate, de pos its else where in the world.
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Table 1. Metallic mineral deposit types considered to be
present in the Atlin-Taku land-use planning area.

Table 2. Metallic mineral potential tract rankings. Tract IDs with -1
and -2 extensions have been subdivided.



The pre dicted ton nages at the five dif fer ent con fi dence lev -
els were then given val ues using current commodity prices
and totalled.

The tract value at the five con fi dence lev els was then
con verted to a dol lar value per hect are by di vid ing the pre -
dicted value of un dis cov ered re sources by the tract area in
hect ares. The per-hect are val ues were used to rank the

tracts from 1 (low est) to 67 (high est) at the 90, 50, 10, 5 and
1% con fi dence lev els. These rank ings were weighted us ing
the con fi dence level. This score was used to pro duce the fi -
nal rank ing (Ta ble 2). This meth od ol ogy was the same as in
pre vi ous as sess ments. Tract rank ings were di vided into
five groups on the ba sis of each group rep re sent ing 20% of
the to tal area (Fig ure 3). This was also con sis tent with pre -
vi ous as sess ments. The lo ca tion of known re sources is
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Fig ure 3. Me tal lic min eral po ten tial and lo ca tion of known re sources in the Atlin-Taku land-use plan ning area See Ta ble 2 for list of tracts
and their rank ing. Note that tracts in cluded in the as sess ment have been clipped at the study area bound ary for pre sen ta tion clar ity.



50
B

rit ish C
o lum

 bia G
eo log i cal Sur vey

Table 3. Known metallic mineral inventory, Atlin-Taku land-use planning area.



shown on Fig ure 3 and listed in Ta ble 3. The cal cu lated
gross in-place value of known re sources shown in Ta ble 3 is 
based on commodity prices current as of the end of
November 2008.

Industrial Mineral Assessment

A sep a rate ex pert work shop was con vened at Vic to ria
on Oc to ber 8, 2008 to re as sess the 1996 in dus trial min eral
es ti mates for the Atlin-Taku land-use plan ning area. This
in volved four ex perts from the BCGS, with D. Mac In tyre
as fa cil i ta tor. New es ti mates were done for a num ber of de -
posit mod els not con sid ered in the orig i nal 1996 as sess -
ment. These in cluded rhodo nite (Q02), schist-hosted em er -
ald (Q07) and jade (Q01). The de posit mod els con sid ered
in the assessment are listed in Table 4.

For sub di vided tracts, the ex ist ing 1996 es ti mates were 
re dis trib uted fol low ing the meth od ol ogy de scribed in Mac -
In tyre et al. (2003). The re sults of the in dus trial min eral as -
sess ment are pre sented in Ta ble 5. Note that 15 tracts did
not have any es ti mates for in dus trial min eral de pos its and
are given a rank of 0. Tract rank ings, col our-coded by rank -
ing group (each group rep re sent ing 20% of the tract area),
are shown on Figure 4.

Comparison to the Provincial Resource
Assessment

In com par ing the re sults of the 1996 min eral re source
as sess ment with the Atlin-Taku as sess ment, the fol low ing
ob ser va tions can be made:

· Tract rank ings are rel a tive to the Atlin-Taku land-
use plan ning area only and are not pro vin cial rank -
ings. Tracts within the study area are ranked from
1 to 67, whereas the pro vin cial rank ing (MRA1)
was from 1 to 794.

· The new as sess ment had the ad van tage of an ad di tional 
12 years of data col lec tion (min eral ex plo ra tion and
BCGS map ping) since the last assessment.

· Six new de posit mod els (E4, E7, EC, I4, J2 and O1; Ta -
ble 2) were con sid ered, and es ti mates made for these
mod els were not part of the MRA1. This in crease re -
flects in creased knowl edge of the min eral re source en -
dow ment of the area since 1996.

· Un like the ear lier Level 1 as sess ment, the Level 2 as -
sess ment did not fac tor in the known re sources in the
tract rank ing scheme. As shown in Fig ure 2, known re -
sources are treated as a sep a rate point layer in the as -
sess ment. This is con sis tent with other Level 2 as sess -
ments, such as the one car ried out for the Lillooet Land
Re source Man age ment Plan (LRMP).

· The as sess ment used cur rent com mod ity prices to de -
ter mine per-hect are val ues. The pre vi ous as sess ment
used a 10-year av er age price. For some com mod i ties,
cur rent prices are sig nif i cantly higher than their his tor -
i cal range. De pend ing on the de posit model be ing con -
sid ered, higher com mod ity prices can have a sig nif i -
cant im pact on tract  rank ings,  again mak ing
com par i son with the previous assessment difficult.

CONCLUSION

A new Level 2 min eral re source as sess ment of the
Atlin-Taku land-use plan ning area was com pleted in Sep -
tem ber 2008. The new as sess ment fol lows an as sess ment

Geo log i cal Field work 2008, Pa per 2009-1 51

Table 4. Industrial mineral deposit types considered to be
present in the Atlin-Taku land-use planning area and
associated relative deposit value scores (RDVS) used to

Table 5. Industrial mineral potential tract rankings. Tract IDs with -1
and -2 extensions have been subdivided.



com pleted in 1996 and in cludes new es ti mates for an ex -
panded list of min eral de posit types. Sixty-seven tracts
within the study area were given rel a tive ranks that re flect
their po ten tial for the dis cov ery of new re sources in the fu -
ture. High est ranked tracts for me tal lic min eral po ten tial
are those where the geo log i cal frame work is fa vour able for
the pres ence of large-ton nage, low-grade por phyry Cu, Mo, 
W and Au de pos its. Such de pos its have a high value be -

cause of their rel a tively large size compared to, for
example, smaller vein deposits

Us ers are cau tioned, how ever, that min eral re source
as sess ments use only cur rently avail able geo log i cal knowl -
edge and ex pert views. These are, there fore, a snap shot in
time that can change sub ject to ad di tional in for ma tion.
They are also among the most chal leng ing land-use as sess -
ments to com plete, as they es ti mate a hid den subsurface re -
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Fig ure 4. Atlin-Taku in dus trial min eral po ten tial. See Ta ble 5 for list of tracts and rank ings. Note that tracts in cluded in the as sess ment have
been clipped at the study area bound ary for pre sen ta tion clar ity.



source. The cau tion ap plies to both neg a tive and pos i tive
un cer tainty: the sud den dis cov ery of di a monds in the
North west Ter ri to ries in the 1990s dem on strates the dif fi -
culty of pre dict ing fu ture re source dis cov er ies. Ar eas cur -
rently con sid ered to have low min eral po ten tial may sim ply
re flect lack of understanding of the geology and associated
mineral resources.
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Northeastern British Columbia (Parts of NTS 093P/03, 093I/14)
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INTRODUCTION

This re port up dates the coal ge ol ogy of the area be -
tween Bullmoose Creek and the Murray River in the Peace
River coal field, north east ern Brit ish Co lum bia (Fig ure 1).

The study area cov ers ap prox i mately 300 km2 and is
lo cated south west of Tum bler Ridge in north east ern Brit ish 
Co lum bia. It spans parts of NTS map ar eas 093P/03 and
093I/14. It was cho sen to cover the main trend of out crop -
ping coal mea sures of the Early Cre ta ceous. The Gates and
Gething for ma tions are the prin ci pal coal-bear ing strati -
graphic units of eco nomic in ter est. The strati graphic in ter -
val that was mapped ranges from the Cadomin For ma tion to 
the Boulder Creek Formation.

This is an area of coal mines and pro posed coal de vel -
op ments, with de vel oped in fra struc ture in clud ing rail,
power and loadout fa cil i ties. The Bullmoose and Quin tette
mines opened in the early 1980s and closed ear lier in this
de cade. Quin tette Coal Ltd. ex tracted met al lur gi cal coal
from the Wol ver ine, Mesa and Shikano pits. Teck Cominco
Lim ited mined the South Fork pit, Bullmoose mine. Af ter a
lull due to low coal prices, the Perry Creek mine (fac ing the
Mesa pit across the Wol ver ine River) was opened in 2006
by West ern Can ada Coal Corp. (WCCC). In 2008, ex plo ra -
tion is at an ad vanced stage in sev eral por tions of the study
area, including the Hermann and EB areas.

A va ri ety of prop erty-scale maps, in cluded in as sess -
ment re ports of the 1970s and 1980s, cover parts of the area. 
Kilby and Wrightson (1987) and Kilby and Johnston
(1988) pro vided a 1:50 000 scale com pi la tion map of the
gen eral geology.

CURRENT MAPPING

This study re vises the basal con tact of the Gates For -
ma tion to be the base of the low est sand stone bed in the
thickly bed ded to mas sive Quin tette sand stone. This is in
ac cord with the orig i nal def i ni tion of the Gates For ma tion
lower con tact as the base of the first thick sand stone bed

above which few, or no, mudstone beds oc cur (McLean
1982, page 12). Pre vi ous maps in cluded a “tran si tional fa -
cies” of interbedded sand stone and shale be low the Quin -
tette sand stone as part of the Gates For ma tion. The re vised
con tact is more use ful in iden ti fy ing the area mapped as
Gates For ma tion with po ten tial for coal re sources. Many
coal bore holes in the area terminate in the Quintette
sandstone.

A new geo log i cal map (Fig ure 2) shows the sur face
trace of ma jor Gates For ma tion coals that bound the eco -
nomic in ter val of the mid dle Gates For ma tion. These are
the J seam at base of the mid dle Gates For ma tion and the D
seam at the top. In the ar eas of Mount Spieker, South Fork,
West Fork and Bullmoose Creek, the A seam of the A/B pair 
is traced as equiv a lent to the J seam. Where the D seam is
ab sent or thin (ar eas north of Wol ver ine River), the E seam
is traced as the upper seam.

Bed rock map ping was fa cil i tated by the use of light de -
tec tion and rang ing (LIDAR) im ag ery, orthophotography
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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 north east ern Brit ish Co -
lum bia.
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and GPS nav i ga tion. Map im ages from as sess ment re ports
were georeferenced and im ported into the Man i fold® Sys -
tem GIS pack age. LIDAR im ag ery is use ful in out lin ing
mac ro scopic fold struc tures and fold axes in ar eas of tree
cover. Orthophotographs and GPS data pro vided lo ca tion
pre ci sion. In some ar eas where sur face ex po sure was poor,
subsurface data were pro jected up-dip to constrain surface
contacts.

Re sults of ear lier work were re ported by Legun (2007). 
In 2007 and 2008, ap prox i mately five weeks in to tal were
spent map ping in the field, mostly at lower el e va tions.

This bed rock map sup ple ments a pre vi ous strati -
graphic study of Gates For ma tion coal mea sures in the area
(Legun, 2008).

Stratigraphic Framework

The strati graphic frame work is cor re lated with the
gamma ray and for ma tion den sity log of a re cent well (well
au tho ri za tion num ber 20207; BC Oil and Gas Com mis sion, 
2008) lo cated im me di ately east of the coal field near Wol -
ver ine River and Perry Creek (Fig ure 3). The de scrip tions
be low fo cus on the two main coal-bearing formations.

GETHING FORMATION

The Gething For ma tion has up per and lower coal mea -
sures of cal car e ous sand stone, shale, siltstone and coal sep -
a rated by a se quence of ma rine shale. It is ap prox i mately
245 m thick in the Mount Spieker area. Bore hole data at
Perry Creek in di cates a 207 m thick ness and 200 m is in di -
cated near Hermann Gething (well au tho ri za tion num ber
5099). The writer fol lows Gib son (1992) in di vid ing the
for ma tion into three members.

Gaylard Mem ber (Lower Gething For ma tion)

The Gaylard Mem ber con sists of sand stone, coal,
black and car bo na ceous shale, and rip pled siltstone. This
se quence is in ter preted to rep re sent chan nel, overbank and
flood ba sin de pos its. The top of the Gaylard Mem ber is
marked by a peb ble lag, in di cat ing a ma rine trans gres sion.
The up per 20 m of the Gaylard Mem ber may in clude clean
quartzitic sand stone and is of ten de void of coal. The first
sig nif i cant coal, about 45 m be low the top of the mem ber, is
rep re sented by seams GT1 and GT2 in the Hermann
Gething re source area (near UTM Zone 10, 6095200N,
619000E, NAD 83).
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Figure 3: Strati graphic col umn, Wol ver ine River area, north east ern Brit ish Co lum -
bia (log from well au tho ri za tion num ber 20207; BC Oil and Gas Com mis sion, 2008).



Units of clast-sup ported con glom er ate out crop here
and in ar eas im me di ately to the west. These units, in the ab -
sence of drill data, may be eas ily mis iden ti fied as Cadomin
For ma tion con glom er ate. One bed, char ac ter ized by well-
packed si li ceous cob bles, forms a flat ridge in the Hermann
Gething re source area and caps the GT1 seam. An other
con glom er ate bed underlies the GT2 seam.

Bullmoose Mem ber

Over ly ing the Gaylard Mem ber are shale beds of a ma -
rine tongue named the Bullmoose Mem ber. The sand con -
tent of these beds in creases up ward in the se quence. This
noncoal bear ing in ter val ex tends to the base of the Cham -
ber lain Mem ber. This mem ber thins from 45 m thick at
Mount Spieker to 15 m at Hermann Gething in the south.
The re gional south east thin ning of the ma rine tongue was
re corded by Legun (1990, Figure 7).

Cham ber lain Mem ber

The basal unit of the Cham ber lain Mem ber is a mas -
sive clean sand stone unit. The Cham ber lain, Skeet er and
Bird coal seams oc cur in the over ly ing sed i men tary rocks.
These seams are vari ably de vel oped within the map area
(see ‘Eco nomic Ge ol ogy’ be low). They are well de vel oped
to the north in the Sukunka area. In some ar eas, a few
metres of clean sand stone with her ring bone crossbeds lie
above the Bird seam. Clean sand stone lo cally forms a
prom i nent ledge against the over ly ing re ces sive Moosebar
For ma tion mudstone. Up to 8 m of car bo na ceous sand -
stone, siltstone and glauconitic beds may lie be tween the
Bird seam and Moosebar For ma tion mudstone. This is
included within the Gething Formation.

The ar eal dis tri bu tion of coal fa cies in the Cham ber lain 
Mem ber is dis cussed in Legun (1990).

GATES FORMATION

Lower Gates For ma tion

The lower Gates For ma tion or Quin tette sand stone
unit forms the floor of the ma jor eco nomic J coal seam in
the area. The sand stone av er ages 25 m in thick ness and
ranges from 5 to 50 m thick. The sand stone is lo cally not
well de vel oped. It is dom i nated by sheet sand stone with
trace fos sils in dic a tive of shoreface con di tions. To the
north, the lower Gates For ma tion is con glom er atic in a
wide east-trending tract near Mount Spieker and Bull -
moose Moun tain, sug gest ing a west ern source. In ar eas
where the Quin tette sand stone is thin, the in ter sec tion of the 
J seam in nearby drillholes con strains the po si tion of the
basal contact of the Gates Formation.

Mid dle Gates For ma tion

The mid dle Gates For ma tion car ries the coal beds of
most eco nomic in ter est in the map area. In Quin tette Coal
Ltd.’s no men cla ture, this en com passes the base of the J
seam to the top of the D seam. The thick ness of the mid dle
Gates For ma tion var ies from 60 to >135 m. It is thicker in
the north due to two coars en ing-up ward wedges of ma rine
sand stone and con glom er ate. These are lo cally known as
the Falher C and D. In the Mesa pit area, south of the limit of 
the two ma rine tongues, there is a max i mum de vel op ment
of coal in sec tion. From 18 to >60 m of coal was mined in
Quintette Coal Ltd.’s Mesa pit.

Up per Gates For ma tion

The up per Gates For ma tion cor re sponds to the in ter val 
from the base of the cap-rock con glom er ate (over ly ing D
seam) to the top of car bo na ceous shale in con tact with ma -
rine shale and siltstone of the Hulcross For ma tion. The up -
per Gates For ma tion is known as the Notikewan Mem ber in 
the subsurface. It in cludes a ma jor coars en ing-up ward
marine interval.

South of the Wol ver ine River, a con glom er ate bed lies
at the base of the Notikewan For ma tion and un der pins the
coars en ing-up ward in ter val. This body has a lin ear trend
in ter preted to rep re sent de po si tion within an es tu ary
(Carmichael, 1988). Its ex tent is con firmed by re cent well
data (e.g., a thick ness of 20 m was rec og nized in well au tho -
ri za tion num ber 20207). It has po ten tial as a reservoir for
coalbed natural gas.

The stratigraphically high est beds of the up per Gates
For ma tion are re gion ally dom i nated by shale and in clude
sev eral thin coals. In the area of For tress Moun tain and the
Mount Spieker syncline, how ever, thick sand stone are
pres ent and iden ti fied as a dis tinct unit (Armand sand stone) 
by WCCC.

General Structure

Mac ro scopic folds vary from con cen tric (rounded) to
kink band (chev ron) ge om e try. They are open to tight and
oc ca sion ally asym met ric with over turned east limbs, in di -
cat ing north east vergence. Shal low, north west- or south -
east-plung ing folds are dom i nant. Fault ing var ies from
west ward-dip ping, low-an gle, thrust faults to steep, re verse 
faults. There is a zone of east-dip ping faults at the east mar -
gin of the coal field near the Trans fer and Hermann ar eas,
par al lel to the Bullmoose thrust zone to the west.

The ma jor fault ing in the area is in the Bullmoose
thrust zone (see ‘Bullmoose Thrust Zone’ be low).

MAPPING RESULTS

Structural Revisions

BULLMOOSE THRUST ZONE

The Bullmoose thrust zone can be traced south to the
Murray River. It con sists of the Trans fer fault to the east and 
the Murray fault to the west. The Trans fer fault bounds the
west ern limit of the Gates For ma tion re source area in the
Shikano and Trans fer folds. The Murray fault ap pears to
over lap this fault with pan els of Moosebar and Gething for -
ma tions strata. The most east ern seg ment of the Murray
fault jux ta poses Moosebar For ma tion over Gates For ma -
tion strata near the south ern end of the pro posed Hermann
pit area. South ward, a sin gle fault is shown to con tinue to
the Murray River where the Cadomin For ma tion is jux ta -
posed against the Moosebar For ma tion on the west side of
the Murray syncline. The Murray fault also lies im me di -
ately east of the Hermann syncline and is par al lel to the
mac ro scopic fold axis near the Murray River. This sug gests
that a shal low-dip ping fault underlies that fold at depth.

Near the Wol ver ine River, the Bullmoose thrust zone
com prises three splays bound ing two fold struc tures. The
east ern fold is the For tress Moun tain anticline; it is over -
turned to ward Mesa and is un der pinned by the For tress
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thrust fault. The zone is about 1.5 km wide and con sists of
two duplexes.

The re la tion ship of the For tress thrust fault and the
Mesa thrust fault near the Mesa North pit is un clear; ex po -
sure is pres ently ob scured by dump ma te rial. The Mesa
North pit, now mined out be low the level of the Mesa thrust
fault, ex poses steep to over turned limbs of the Mar mot
anticline in the footwall. The Mar mot anticline may cor re -
late with the For tress Moun tain anticline.

Geological Contact Revisions

The in ter preted bed rock ge ol ogy has been re vised for
the area be tween the Mount Spieker syncline ridge and
Perry Creek, south east of the EB pit area. This is an area of
broad open mac ro scopic folds with lim ited ex po sure on the
slopes drain ing to ward Perry Creek. Kilby and Wrightson
(1987) sug gested that the con tact trace be tween the Gates
and Moosebar for ma tions is ori ented downslope. The strata 
have been re as signed to the Moosebar For ma tion in this
study fol low ing re def i ni tion of the Gates For ma tion con -
tact (see ‘Cur rent Map ping’ above). Only one east-trending 
ridge op po site For tress Moun tain pre serves lower Gates
Formation strata in a shallow syncline.

The low est slopes near Perry Creek are un der lain by
the Gething For ma tion, which out crops near the west and

north forks of Perry Creek. It is also ex posed on the slopes
of the east-trending ridge fac ing For tress Moun tain and
along some re cent ac cess roads built by Peace River Coal
Inc. In this area, a shal low syncline east of drillhole EB4
(UTM 6106906N, 603142E) prob a bly pre serves the Bird
seam at shal low depth (see ‘Eco nomic Ge ol ogy’ be low).
The syncline may be a con tin u a tion of the open syncline in
the pit area at a deeper structural level.

The Gething For ma tion–Moosebar For ma tion con tact
has been re in ter preted in a num ber of other ar eas. This in -
cludes the Mast syncline, the Bullmoose Creek area south -
east of South Fork pit, and the Wol ver ine Val ley near the
junc tion of Perry Creek.

The Moosebar For ma tion un der lies a larger area in the
Mast syncline than ini tially mapped by Quin tette Coal Ltd.
The trace of the J seam in the Wol ver ine pit sug gests that re -
serves re main in the north west por tion of the syncline, al -
though they may not be ame na ble to open pit extraction.

De tailed map ping east of the Perry Creek bridge and
im me di ately north of the Perry pit in di cates that the lower
to mid dle Gates For ma tion is ex posed over sev eral kilo -
metres of gently folded strata along Perry Creek. A thin J2
seam lies a few metres above the val ley floor and mas sive
sand stone of the Falher D ma rine tongue are ex posed in the
north val ley wall (Figure 4).
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Fig ure 4. Split of J seam ex posed at Perry pit (lower panel) and same in ter val pre served in val ley walls of Perry Creek about 3 km to
north west (up per panel), north east ern Brit ish Co lum bia. Jss re fers to Falher D sand stone.



West of the bridge, Perry Creek has eroded the cores of
two anticlines and ex posed two small ar eas of Moosebar
For ma tion strata.

West of the Wol ver ine pit, a ca noe-shaped, synclinal
ba sin pre serves Gething and Moosebar for ma tions strata.
Only a few metres of coarse car bo na ceous sand stone ex -
posed in a small area un der ly ing the high ground can be cor -
re lated with the basal Gates For ma tion. The syncline has
been the tar get of re cent drill ing. While Peace River Coal
Inc. (COALFILE 899; COALFILE, 2008) sug gests in ter -
cepts of both Gates For ma tion coal and Gething For ma tion
coal, map ping clearly in di cates only Gething For ma tion
coal mea sures are pre served in the syncline. The syncline is
well out lined by ridge-form ing Cadomin For ma tion strata.
These are af fected by sec ond ary folds at the south margin of 
the structure. 

ECONOMIC GEOLOGY

Gething Formation Coals

Within the study area, the ex plo ra tion for coal has fo -
cused largely on seams within the Gates For ma tion. There
are coal seams hosted within the Gething For ma tion that
war rant con sid er ation.

Most his tor i cal drill ing in the Gething For ma tion has
been in the north part of the map area pur su ing Cham ber -
lain Mem ber coal seams. Drill ing in the south has fo cused
on Gaylard Mem ber coal seams on the Hermann Gething
prop erty. Older as sess ment re ports doc u ment out crops of
coal of the Gething For ma tion but there is no in di ca tion that 
ex po sures were trenched. Some ear lier bed ding data for the
Gething For ma tion were not in cluded in later maps, pos si -
bly due to a fo cus on Gates Formation exploration.

CHAMBERLAIN MEMBER COALS (BIRD,
SKEETER, CHAMBERLAIN SEAMS)

A num ber of cor re la tion charts out line Cham ber lain
coals in the north ern part of the map area near Bullmoose
Creek and Mount Spieker (COALFILE 474, 555, 559). The 
Cham ber lain and Skeet er seams are thin ner to the north.
Ex plo ra tion fo cused on the thick ness and qual ity of the up -
per and lower Bird seams.

The up per and lower Bird seams gen er ally com prise
5 m of coal in gently dip ping beds ex posed around Mount
Spie ker and in ter preted to un der lie it at depth. The strati -
graphic sep a ra tion be tween the plies is com monly around
5 m in the area but ex pands to 13 m in drillhole EB-4. Part of 
the seam is par tially ex posed in a roadcut to well au tho ri za -
tion num ber 16824 on the north west flank of Mount
Spieker (Fig ure 5).

A pos tu lated shal low re source of met al lur gi cal qual ity
coal with ac cept able sul phur con tent was tested by drill ing
in the val ley of the south fork of Bullmoose Creek, as a pos -
si ble sup ple ment to Gates For ma tion coal at the Bullmoose
mine. Re sults were dis ap point ing. The seam is lo cally
faulted and var ies in thick ness (COALFILE 559). A strati -
graphic fence di a gram (COALFILE 474) al lows an in ter -
pre ta tion that the en tire seam in ter val splits and
stratigraphically sep a rates southwest of Bullmoose Creek.

An area of un tested shal low re source also lies south -
east of the pro posed EB pit area. The area is un der lain by a
shal low syncline be tween drillhole EB4 and Gething For -
ma tion out crops and subcrop near Perry Creek (UTM

6107276N, 604119E; COALFILE 555, Fig ure 77-07-03).
The up per Bird seam is fault du pli cated in EB4 and 2.3 m
thick (its du pli cate is 3.2 m) with 9% raw ash with 20% vol -
a tile mat ter, frac ture spac ing in dex (FSI) of 8 and 1.68%
sul phur (COALFILE 555, Ta ble 7). The sul phur con tent of
the Bird seam var ies from mod er ate to high in the area, at
least in part due to py rite (<1 to >2%). Blend ing with Gates
For ma tion coal at the proposed EB pit is an option.

Fur ther south east, a poorly de vel oped Bird seam ap -
pears to have been in ter sected in drillhole R001 by Peace
River Coal Inc. (COALFILE 901). Drillhole R002 is prob -
a bly in Gething For ma tion coal but the strati graphic level is 
uncertain.

The Cham ber lain–Skeet er in ter val is de vel oped in the
Perry pit area and is cu mu la tively 4 m thick. It has been
drilled as a coalbed gas tar get (well au tho ri za tion num ber
16367). The in ter val is near sur face at drillhole WDH #1 in
the Perry Creek anticline where the seams are ap prox i -
mately 1.4 m apart and com prise 5.6 m of coal over 7 m. The 
seams were de scribed as Gates For ma tion coal in an early
as sess ment re port (COALFILE 597) but amended to up per
Gething For ma tion (Cham ber lain Mem ber) based on sub -
se quent drill ing and a correlation chart (COALFILE 606).

Quin tette Coal Ltd. drilled Cham ber lain coals at the
edge of the Mesa and Wol ver ine pits. At the Mesa pit,
seams av er aged 2 m in thick ness, and reached 3 m, but were
re ported to be ashy (COALFILE 826). This in di cates po -
ten tial that needs fur ther test ing. Coals in this in ter val are
also ex posed in creeks drain ing the ax ial area of the Mast
syncline near the Wolverine River.

Gates Formation Coals

The fol low ing is an up date on the split of the J seam at
the Perry pit of WCCC. The reader is re ferred to Legun
(2008) for ad di tional in for ma tion.

This is an area of dra matic change in the mid dle Gates
For ma tion. Two ma rine tongues are near their south ern
limit. The lower tongue lo cally splits the J seam and the up -
per tongue sep a rates the G seam from the E seam. Isopachs
and zero-edge po si tion for each tongue were com piled by
Legun (2006b).
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Fig ure 5. Ex po sure of the Bird seam, north west flank of Mount
Spieker, north east ern Brit ish Co lum bia, along the ac cess road to
well au tho ri za tion num ber 16824 (BC Oil and Gas Com mis sion,
2008).



Strip ping at the Perry pit has ex posed the sub stan tial
rock split of J seam coal (Fig ure 4). J1 and J2 have main -
tained thick ness even though they are sep a rated by ~20 m
of sand stone. The in ter val in cludes gran ule beds near the
base, in clined car bo na ceous lenses in sand stone and an up -
per clean sand stone. The basal con tact is sharp and the seam 
is not el e vated in sul phur. To the north at Perry Creek, the J
seam is over lain by a peb bly mudstone lag and fol lowed by
fluted and load-cast sand stone sug gest ing rapid de po si tion
and load ing. Over ly ing beds show lit tle in ter nal struc ture.
They are suc ceeded up ward by crossbedded pebbly
sandstone (Figure 4).

Gen er ally sandy nearshore de pos its at Perry Creek
con trast with thick con glom er ate that di rectly over lies
basal coal at Mount Spieker. Fur ther strip ping at the Perry
pit is pre dicted to re veal more com plex i ties in the tran si tion
from coastal peat swamp (J seam) to a wave-dom i nated
paleoshore in this area.
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Geology and Mineral Occurrences of the Mid-Cretaceous Spences Bridge
Group near Merritt, Southern British Columbia

(Parts of NTS 092H/14, 15, 092I/02, 03)

by L.J. Diakow and A. Barrios

KEYWORDS: Spences Bridge Group, Nicola Group,
Castillion Creek, Gillis Lake, Shovelnose Moun tain, epi -
ther mal quartz veins, exhalite, sinter, gold min er al iza tion

INTRODUCTION

The Spences Bridge Pro ject is a bed rock map ping pro -
gram with ob jec tives to re fine stra tig ra phy of the Cre ta -
ceous Spences Bridge Group, de ter mine the geo log i cal set -
ting and char ac ter is tics of gold-bear ing epi ther mal vein
sys tems, and as sess the re gional eco nomic po ten tial of Cre -
ta ceous vol ca nic stra tig ra phy in south ern Brit ish Co lum -
bia. The pro gram fo cuses on two ma jor rock suc ces sions:
is land-arc rocks of the Late Tri as sic Nicola Group, spe cif i -
cally the west ern belt (fa cies) mapped lo cally around
Merritt in 2007 (Diakow, 2008); and a su per im posed Early
Cre ta ceous con ti nent-mar gin arc suc ces sion, the Spences
Bridge Group. The pa per de scribes a new exhalite and
sinter dis cov ered in Late Tri as sic fel sic stra tig ra phy, as well 
as low-sulphidation epithermal veins in the Cretaceous
Spences Bridge Group.

PREVIOUS WORK AND CURRENT
STUDY

Early Cre ta ceous vol ca nic rocks of the Spences Bridge 
Group form a nar row, north west-trending belt re gion ally
cov er ing nearly 3200 km2 east of the Fra ser fault in south -
ern Brit ish Co lum bia (Fig ure 1). They un con form ably
over lie both the oce anic Cache Creek terrane and, at the lat -
i tude of the study area, the more broadly dis trib uted mag -
matic arc mak ing up the Quesnel terrane. The Quesnel
terrane in the study area con sists pri mar ily of mafic vol ca -
nic and interstratified sed i men tary rocks of the Late Tri as -
sic Nicola Group and con tem po ra ne ous in tru sive rocks of
the Mount Lyt ton Plutonic Com plex (Mon ger and
McMillan, 1989; Mon ger, 1989). To gether with the Late
Ju ras sic Ea gle Plutonic Com plex (Greig, 1991), these tec -
tonic el e ments de fine part of the southwestern margin of
the Quesnel terrane.

Thorkelson (1986) stud ied a seg ment of the mid-Cre -
ta ceous belt south of Merritt and, af ter in te grat ing re la tion -
ships doc u mented in pre vi ous re gional map ping stud ies,
pro posed re vi sions to the con fus ing strati graphic no men -

cla ture for mid-Cre ta ceous rocks in south west ern BC. Con -
se quently, Thorkelson and Rouse (1989) pro posed that the
Spences Bridge Group, with fur ther sub di vi sion into two
for ma tions, be for mally adopted. The lower of these, the
Pimainus For ma tion, is a lithologically di verse subaerial
vol ca nic se quence com posed largely of flows and
fragmental de pos its of andesitic and rhyolitic com po si -
tions, in ter spersed with ter res trial sed i men tary rocks. The
over ly ing Spius For ma tion dif fers sig nif i cantly and is com -
posed mainly of brown ish-weath er ing amyg da loid al an de -
site flows. Palynomorphs from sed i men tary rocks and K-
Ar dates from vol ca nic rocks aided in as sign ing a some -
what broad, Early to Late Cre ta ceous time of deposition for
these two formations (Thorkelson and Rouse, 1989).

Epi ther mal gold-bear ing veins of the low sulphidation
type were dis cov ered within subaerial vol ca nic rocks of the
Spences Bridge Group in 2002, and a bed rock–min eral de -
posit study was ini ti ated in 2007 by the BC Geo log i cal Sur -
vey in or der to eval u ate the eco nomic min eral po ten tial of
this suc ces sion. In the first year, 1:20 000 scale bed rock
map ping fo cused on older, Tri as sic ‘base ment’ rocks be -
tween Iron and Selish moun tains, and a study of the
Spences Bridge Group stra tig ra phy was started at a ref er -
ence sec tion ex posed in the vi cin ity of Gillis Lake
(Thorkelson, 1986; Diakow, 2008). Dur ing 2008, the map -
ping pro gram ex tended be yond the Gillis Lake area, ex -
pand ing the study of Spences Bridge stra tig ra phy lat er ally,
north west to wards Pros pect Creek and south to the
Shovelnose Moun tain area. This bed rock map ping has
been published at 1:50 000 scale (Diakow and Barrios,
2008).

LITHOLOGICAL UNITS

The study area (Fig ure 2) lies near the west ern mar gin
of the Quesnel terrane, which is dom i nated by Late Tri as sic
vol ca nic and sed i men tary rocks of the Nicola Group and as -
so ci ated in tru sions of diorite to granodiorite com po si tion,
which have been di vided into four re gional fa cies belts
(Preto, 1979). In the study area, the Nicola Group con sists
mainly of mafic vol ca nic rocks, al though a unique fel sic
vol cano-sed i men tary fa cies is mapped be tween Iron and
Selish moun tains (McMillan, 1981; Diakow and Bar rios,
2008). Tri as sic stra tig ra phy at this lo cal ity has been de -
scribed in Diakow (2008), and sev eral U-Pb iso to pic dates
ob tained from fel sic vol ca nic rocks are re ported in this pa -
per. The Nicola Group is un con form ably over lain by Cre ta -
ceous sed i men tary and vol ca nic units. The sed i men tary
rocks, char ac ter ized by chert-bear ing con glom er ate, are
thought to be older and con sti tute a poorly ex posed, re ces -
sive unit upon which vol ca nic and lesser sed i men tary rocks
of the mid-Cre ta ceous Spences Bridge Group were de pos -
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ited. Through out most of the study area, how ever, the chert-
rich clastic unit is miss ing, and Spences Bridge rocks ap -
par ently rest nonconformably on in tru sive rocks of the Late 
Tri as sic Coldwater pluton, the Tri as sic–Ju ras sic Mount
Lyt ton Plutonic Com plex and the Late Ju ras sic–Cre ta ceous 
Ea gle Plutonic Com plex (Mon ger, 1989; Mon ger and
McMillan, 1989; Greig, 1991). The Eocene Prince ton
Group is the youn gest suc ces sion mapped. Com posed
largely of hornblende-phyric dacite flows, it is a rel a tively
flat-ly ing suc ces sion un con form ably over ly ing Cre ta ceous
strata. Thick de pos its of con glom er ate, mark ing a pe riod of
Eocene tec tonic in sta bil ity, are con fined to the Fig Lake
graben. Un con sol i dated gla cial de pos its are rel a tively thin
through out most of the study area but have been re worked
and redeposited in broad fluviatile terraces that completely
conceal bedrock in several major valleys, such as that
occupied by the Coldwater River.

Geochronology and Paleontology Results
from Iron and Selish Mountains

Stra tig ra phy on Iron Moun tain and the lower west
slope of Selish Moun tain were re mapped in 2007 (Diakow,
2008; Diakow and Bar rios, 2008). Sig nif i cant fel sic vol ca -
nic strata in these ar eas over lie a mafic suc ces sion re sem -
bling rocks more typ i cal of the Late Tri as sic Nicola Group.
Pre vi ous work ers col lected fos sils from the Iron Moun tain
sec tion, but none pro vided de fin i tive age con straints. Two
new U-Pb dates have been ob tained from strat i fied fel sic

vol cano-sed i men tary se quences at Iron Mountain and Sel -
ish Mountain.

Stra tig ra phy mapped be tween Iron Moun tain and Sel -
ish Moun tain, south-south west of Merritt, con sists gen er -
ally of a thick ba saltic se quence con form ably over lain by
in ter vals char ac ter ized by fel sic vol ca nic rocks interlay -
ered with shal low ma rine lime stone and sand stone
(Diakow, 2008). With the ex cep tion of the Ashcroft map
area, sig nif i cant fel sic vol ca nic ac cu mu la tions are ab sent
from within Late Tri as sic mag matic-arc suc ces sions else -
where in BC. Two sam ples for U-Pb iso to pic dat ing were
col lected from fel sic rocks at widely spaced lo cal i ties in or -
der to de ter mine their tem po ral re la tion ship with the Nicola 
Group: one at Iron Moun tain and the other from a
Coquihalla High way ex po sure at Castillion Creek (see
‘Castillion Creek Exhalite-Sinter’ sec tion). Sam ple prep a -
ra tion and an a lyt i cal work for U-Pb iso to pic ages was con -
ducted by R. Fried man at the Pa cific Cen tre for Iso to pic and 
Geo chem i cal Re search at the Department of Earth and
Ocean Sciences, University of British Columbia.

On Iron Moun tain, sam ple 08LDi 7.4 was col lected
from dacitic crys tal-ash tuff that is con form ably over lain by 
a rel a tively thin in ter val of interlayered lime stone and cal -
car e ous sand stone con tain ing an as sem blage of bi valves
and ammonoids that were col lected for iden ti fi ca tion. At
Castillion Creek, sam ple 08LDi 32.1 was taken from the
base of a strat i fied sec tion with si li ceous sinter, the sam ple
orig i nat ing from a rare, rhy o lite ash tuff that oc curs as a 20–
60 cm thick layer within a black lime stone-mudstone bed.
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Fig ure 1. Re gional geo log i cal set ting of the Spences Bridge Group and lo ca tion of the
pro ject area in south west ern Brit ish Co lum bia.



A sol i tary bi valve was re cov ered from these cal car e ous
rocks and sent for paleontological identification.

The fel sic vol ca nic rocks from both lo cal i ties yielded
iden ti cal Late Tri as sic (Carnian) U-Pb zir con ages of 224.6
±0.9 Ma at Iron Moun tain and 224.5 ±0.3 Ma at the
Castillion Creek sinter. Fos sil iden ti fi ca tions cor rob o rate
these iso to pic ages. The Iron Moun tain macrofossil col lec -
tions are con sid ered to be Late Tri as sic, with a pos si ble
Norian to Rhaetian age sug gested (Haggart, 2008). At
Castillion Creek, the Tri as sic bi valve Halobia, spe cies in -
de ter mi nate, was iden ti fied from the black lime stone-
mudstone unit (M. Or chard, Geo log i cal Sur vey of Can ada,
pers comm, 2008). The west ern fel sic fa cies (belt) of the
Nicola Group has also been dated north of Merritt, where it
gives a sim i lar U-Pb zir con age of 222.5 ±1.4 Ma (Moore et
al., 2000). Iso to pic ages for the fel sic rocks sug gest that
they, and ac com pa ny ing sed i men tary stra tig ra phy at Iron
Mountain and Castillion Creek, are time-stratigraphic
equiv a lents.

Early and Late Cretaceous Spences Bridge
Group

Thorkelson (1986) mapped the Spences Bridge Group
within a 250 km2 area from Shovelnose Moun tain north -
west to the con flu ence of Pros pect and Spius creeks. This
area strad dles the Coquihalla High way, about 25 km south
of Merritt. Near Gillis Lake, strat i fied mid-Cre ta ceous
rocks are par tic u larly well ex posed, and they fig ured prom -
i nently in for mal def i ni tion and sub di vi sion of the Spences
Bridge Group in south west ern BC (Thorkelson and Rouse,
1989).

Our geo log i cal map ping over laps Thorkelson’s orig i -
nal work and main tains us age of his strati graphic di vi sions,
Pimainus and Spius for ma tions, for the Spences Bridge
Group. This study con sists of 1:20 000 scale map ping and
pres ently ex tends for about 50 km, from Shovelnose Moun -
tain in the south, north-north west through the Gillis Lake
area to the Pros pect Creek area in the north west (Diakow
and Bar rios, 2008). Gen er al ized strati graphic sec tions, ap -
prox i mate thick nesses and con tacts for strati graphic units
of the Spences Bridge Group be tween Shovelnose Moun -
tain and Pros pect Creek are shown in Fig ure 3, and the lo ca -
tions of these sections given in Figure 2.

This map ping pro vides strati graphic re fine ments and a 
new U-Pb iso to pic date for the Spences Bridge Group. Ad -
di tional rocks were col lected for U-Pb iso to pic dat ing in
2008, but age de ter mi na tions were not avail able for this re -
port. These new dates will aid in ter nal di vi sion and cor re la -
tion within the Pimainus For ma tion and also con strain the
age of the up per con tact with the overlying Spius For ma -
tion.

PIMAINUS FORMATION

The Pimainus For ma tion ex hib its sig nif i cant litholog -
ical di ver sity, in both its ver ti cal stra tig ra phy and lat eral fa -
cies vari a tions, within the north west-trending cor ri dor
mapped be tween Shovelnose Moun tain and Pros pect
Creek. A some what con tin u ous lat eral view of the
Pimainus For ma tion is ev i dent in the transect from Pros -
pect Creek south east to the Gillis Lake area (i.e., Gillis
Lake–Pros pect Creek transect). At Gillis Lake, the
Pimainus For ma tion is well strat i fied, in clined north east
and es ti mated to be about 1200 m thick. Im me di ately east-
south east of Gillis Lake, strati graphic con ti nu ity of the

Pimainus For ma tion is sev ered by the north-strik ing Fig
Lake and Coldwater faults, which de mar cate the Eocene
Fig Lake graben. Within the graben, crossfaults sep a rate
blocks that pro gres sively step down north ward, gen er ally
re sult ing in Pimainus stra tig ra phy be ing ex posed mainly in
the south and Eocene rocks be com ing pro gres sively more
ex ten sive far ther north. The Pimainus For ma tion con tin ues
south east of the graben, ap par ently thick en ing to more than
2200 m at Shovelnose Moun tain (i.e., Shovelnose Moun -
tain transect). At Shovelnose Moun tain, how ever, ori en ta -
tion of stra tig ra phy is dif fi cult to as cer tain be cause of the
gen eral lack of bed ding at ti tudes and poorer ex po sure;
there fore, com par a tive thick ness es ti mates for the Pim -
ainus For ma tion are more spec u la tive. Fur ther more, in ter -
nal strati graphic cor re la tions of Pimainus rock units be -
tween transects is dif fi cult. How ever, one par tic u larly
distinctive volcaniclastic unit can be correlated with rel a -
tive certainty, and correlation is corroborated by U-Pb
geochronology.

Gillis Lake–Pros pect Creek Transect

The most lithologically di verse Pimainus stra tig ra phy
is found in a north east-dip ping sec tion that un der lies a
north west-trending ridge near Gillis Lake (Fig ure 4). These 
rocks rep re sent a strati graphic ref er ence sec tion uti lized by
Thorkelson (1986) in his re def i ni tion of the Spences Bridge 
Group. Remapping the ge ol ogy dur ing this study re veals
mainly subaerial flows and pyroclastic vol ca nic units
(90%), interlayered with mi nor sed i men tary in ter vals con -
tain ing con glom er ate and sand stone. In this area, the lower
con tact of the Pimainus For ma tion is prob a bly a non con for -
mity with dioritic rocks of the Late Tri as sic to Early Ju ras -
sic Mount Lyt ton Plutonic Complex, although the contact
was not observed.

Pimainus stra tig ra phy at Gillis Lake is sub di vided into
ten map units. Col lec tively, they are at least 1200 m thick in
a con tin u ous con form able sec tion lack ing faults. Along
strike, these map units are jux ta posed by high-an gle faults
strik ing north east. Far ther north west, they di min ish to only
three map units ad ja cent to Pros pect Creek, where they are
poorly ex posed within a sec tion es ti mated to be less than
600 m thick (Diakow and Bar rios, 2008). The change lat er -
ally to a sim pli fied stra tig ra phy is thought to re flect pri mary 
de po si tion, per haps con trolled by an ir reg u lar sub-
Pimainus to pog ra phy. In the Gillis area, the thicker and
more var ied rock suc ces sion prob a bly ac cu mu lated within
a top o graphic low that per sisted through out ac tive vol ca -
nism. This is in di cated by tuffs and lava flows that are sep a -
rated by in ter vals of epiclastic rocks, in clud ing four dis tinc -
tive con glom er ate units and other locally derived, finer
sandstone units containing plant debris.

Lava Flows and Ash-Flow Tuffs

Ini tial de pos its (unit G1) of the Pimainus For ma tion in
the Gillis Lake–Pros pect Creek transect con sist of grey-
green an de site, of which me dium-grained flows con tain ing
pyroxene (1–3%) and plagioclase (25–30%) pheno crysts
are most com mon. Amyg da loid al flows with small
chlorite- and chal ce dony-filled amygdules oc cur but are
not com mon. Nearly iden ti cal an de site flows re cur up -
section above the basal an de site in unit G7. The basal an de -
site is sharply over lain by a rhyolitic pyroclastic unit (unit
G4), av er ag ing 100–150 m thick. This is an im por tant
strati graphic marker within the Pimainus For ma tion, as it
crops out through out the Gillis Lake–Pros pect Creek
transect. It cor re lates, on the ba sis of con sis tent lithological
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Fig ure 2. Gen er al ized ge ol ogy near Merritt, Brit ish Co lum bia, based on bed rock map ping in 2007 and 2008. Lo ca tions of epi ther mal gold-
quartz vein pros pects dis cov ered since 2002 are shown.



char ac ter is tics and U-Pb iso to pic age, with the large vol -
ume of rhyolitic tuffs and as so ci ated rhy o lite flows un der -
ly ing the lower slopes of Shovelnose Moun tain (Diakow
and Bar rios, 2008, units PS3 and PS4). The ap pear ance of
this unit var ies con sid er ably from in com pe tent and rubbly
weath ered to indurated, mas sive structureless de pos its that
form a se ries of com pe tent benches. It is dis tin guished by
lithic pyroclasts that in clude light-col oured (gen er ally
whit ish), clay-al tered, apha ni tic rhy o lite; some flow-lam i -
nated rhy o lite; and pink, me dium-grained granitoid of

quartz monzonite to granodiorite com po si tion. Quartz (1–
2 mm in di am e ter) and scarcer bi o tite crys tal frag ments are
wide spread but can be eas ily over looked ow ing to their
small size and trace abun dances. Frag ments within the tuff
are gen er ally sorted and less than 2 cm in di am e ter, al -
though tuff brec cia some times al ter nates with lapilli tuff
with or with out sparse blocks. Rare charred logs, sev eral
metres long, have been ob served in the unit near Prospect
Creek. Tuffs from unit G4 are interpreted as a nonwelded
rhyolite ash flow or ignimbrite.
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Fig ure 3. Gen er al ized strati graphic sec tions for rocks of the Spences Bridge Group be tween
Shovelnose Moun tain and Pros pect Creek. Col umn lo ca tions are shown in Fig ure 2.
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Fig ure 4. De tailed ge ol ogy of the Pimainus For ma tion, Spences Bridge Group, at a ref er ence area near Gillis Lake, south of Merritt. Lo ca tion of Gillis
Lake area is shown in Fig ure 2.



Mi nor bed ded tuffs con tain ing crys tals, ash and small
lithic frag ments form thin-lay ered de pos its within the oth -
er wise mas sive ash flows. Cuspate vitric shards, which at -
test to the pres ence of pum ice, com pressed pum ice and
resorbed quartz pheno crysts have been ob served in thin
sec tion. Other lay ered rocks as so ci ated with the ash-flow
tuffs con sist of tuffaceous sand stone made up of crys tal
frag ments, mainly plagioclase, quartz±bi o tite and small
vol ca nic lithic clasts and car bo na ceous plant de bris. Dis -
crete, fine lapilli tuffs may form sub or di nate lay ers within
the volcanic-derived sandstone.

A sec ond ash-flow tuff unit (unit G8) oc curs near the
top of the Gillis Lake sec tion. It oc curs above pyroxene-
phyric an de site (unit G7) and, in turn, is over lain by co lum -
nar-jointed ba salt (unit G8) that dis plays a dis tinc tive or -
ange-brown sphe roi dal weath ered sur face. This tuff unit is
dis tin guished from those lower in the sec tion by mono -
mictic ju ve nile lapilli and blocks com posed of red dish,
sparsely plagioclase-por phy ritic and flow-lam i nated
rhyodacite. Rhy o lite lava flows, pre sumed to rep re sent
small domes or fa cies re lated to this pyroclastic flow, oc cur
at two lo cal i ties in the transect, one of which has been ex -
am ined for gold min er al iza tion (see ‘Dora Prospect’
section).

Con glom er ate and Sand stone

Dif fer en ti at ing se quen tially youn ger and litholog -
ically sim i lar an de site lavas and fel sic ash-flow tuff units in
the Gillis Lake–Pros pect Creek transect is fa cil i tated by
four dis tinc tive con glom er atic beds dis persed at suc ces -
s i v e l y  h i g h e r  l e v  e l s  i n  t h e  s t r a  t i g  r a  p h y.  T h e
stratigraphically low est con glom er ate (unit G2) is best ex -
posed in re sis tant bluffs west of Gillis Lake, where it is
about 150 m thick and ap par ently over lies in tru sive rocks
con cealed by col lu vium in the val ley. This len tic u lar body
is partly en closed lat er ally by an de site lavas from unit G1.
One ad di tional iso lated ex po sure of the same con glom er ate
was found to the north west near the up per con tact of diorite
with an de site, sug gest ing that the unit is lat er ally dis con tin -
u ous, its dis tri bu tion con trolled by sur face ir reg u lar i ties in
the un der ly ing plutonic base ment. Con glom er ate from unit
G2 is crudely lay ered and com posed of poorly sorted an gu -
lar and subrounded boul ders up to 2.2 m in di am e ter. The
clasts have lo cal prov e nance, de rived from diorite and
quartz monzonite phases of the Mount Lytton Plutonic
Complex and underlying pyroxene-phyric andesite flows
of unit G1.

The next high est con glom er ate (unit G3) oc curs at the
con tact be tween unit G1 an de site and over ly ing ash-flow
tuff of unit G4. Unit G3 is a max i mum of 60 m thick, pinch -
ing out over a dis tance of 4 km along strike. It is a
polymictic cob ble and boul der con glom er ate com posed
mainly of well-rounded meta mor phic clasts, dom i nated by
fo li ated, in ter me di ate com po si tion granitoid; lesser
greenschist, metasandstone and quartz ite; rare schist; and
lo cally abun dant vein quartz. Ev i dently, the prov e nance of
this con glom er ate is an ex humed meta mor phic ter rain. A
po ten tial source area might be the Nicola horst, 50 km
north west, where a mar ginal belt, com posed of meta mor -
phic rocks broadly sim i lar to those found in the con glom er -
ate, has been reported (Erdmer, et al., 2002, ‘Bob Lake
assemblage’).

Upsection, epiclastic rocks re ap pear as rel a tively thin
but wide spread sand stone and interbedded con glom er ate
(unit G5) oc cur ring at the top of unit G4 ash-flow tuffs. A

marked change in clast types oc curs in unit G5 along strike
be tween Gillis Lake and Pros pect Creek. Closer to Gillis
Lake, it ex hib its pla nar, lo cally crosslaminated beds of
feld spar-rich sand stone and peb ble-gran ule and lo cal boul -
der con glom er ate con tain ing de tri tal grains of quartz,
traces of bi o tite and rhyolitic clasts, which are in dic a tive of
ero sion of the un der ly ing ash-flow tuffs. Far ther north west, 
how ever, these rocks are sup planted by sand stone and con -
glom er ate (Diakow and Bar rios, 2008, unit G5c) dom i -
nated by granitoid clasts. In or der of abun dance, the clasts
in clude diorite, quartz diorite, granodiorite and mylonitic
quartz monzonite that re sem ble in tru sive phases mapped
im me di ately to the south west in the Mount Lyt ton Plutonic
Com plex. Rare peb bles of vein quartz and bi o tite schist
have also been found. Unit G5c is par tic u larly well ex posed 
along part of Pros pect Creek, where drab ol ive-green sand -
stone forms lenses and thick beds interlayered with con -
glom er ate in a cliff sec tion ris ing about 80 m above creek
level. Bed ding is thick, with par al lel and in ter nal cross -
bedding some times ob served. Wood and plant debris is
common everywhere within sandy layers in units G5 and
G5c.

The stratigraphically high est con glom er ate (unit G10)
forms the top of the Gillis sec tion. It con tains nu mer ous
mauve, sparsely plagioclase-phyric rhyodacite cob bles that 
re sem ble un der ly ing pyroclastic flow unit G8. It also con -
tains sig nif i cant interbedded sand stone, some dis play ing
large-scale pla nar crossbeds. It is es ti mated the this unit
might be sev eral hun dred metres thick, al though faults are
sus pected. The con glom er ate ap pears to pass im per cep ti bly 
into a thick, mixed unit com posed of re worked and pri mary
lapilli tuff beds at the top of the ridge north of Gillis Lake.

Shovelnose Moun tain Transect

The Shovelnose Moun tain transect cov ers the gen eral
re gion ex tend ing east from the Coldwater fault to Voght
val ley road and south from Kane val ley road to Brookmere
road. In this re gion, stra tig ra phy of the Pimainus For ma tion 
is gen er ally equiv a lent to that mapped in the Gillis Lake–
Pros pect Creek transect (for map units cited here for the
Shovelnose transect, see Diakow and Bar rios, 2008). In the
Shovelnose area, how ever, Pimainus stra tig ra phy does not
ex hibit the di ver sity and se quen tial strat i fied or der ob -
served in the Gillis Lake–Pros pect Creek transect. The
most no ta ble gen eral strati graphic dif fer ence be tween
these transects is the con sid er able in crease in thick ness of
the Pimainus For ma tion, due mainly to sub stan tially
greater vol ume of fel sic fragmental rocks, par tic u larly rhy -
o lite lava flows, and greatly re duced epiclastic de pos its in
the Shovelnose sec tion. Fur ther more, strati graphic con -
tacts in the area are poorly de fined and ir reg u lar, com monly 
exemplified by rhyolitic rocks that are bulbous in outline.

The base of the Pimainus For ma tion is be lieved to be
an un con formity, based on con tact re la tion ships near Sey -
mour Lake, just north of Kane val ley road. Pre vi ous map -
ping placed a fault be tween the Late Tri as sic Coldwater
pluton and the Spences Bridge suc ces sion in this lo cal ity
(Thorkelson, 1986; Mon ger, 1989). Al though a di rect con -
tact with the pluton was not ob served, a small iso lated ex -
po sure of con glom er ate with rounded clasts of the pluton
and a con sis tent curved con tact be tween the pluton and
over ly ing an de site flows (unit PS1) are adopted as in di rect
ev i dence for an un con formity. In ad di tion, sev eral out li ers
com posed of sim i lar an de site rest on the Coldwater pluton.
The south ern pluton mar gin can be placed as far south as
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Voght Creek and, al though it is largely con cealed by over -
bur den, the pluton crops out at creek level im me di ately east
of the Coquihalla High way. Be tween this gra nitic out crop
and a strat i fied sec tion con tain ing coal seams ex posed
along the high way, a dis tance of about 400 m to the south,
scant ev i dence for a fault contact exists and the preferred
interpretation is that of a nonconformity.

A strat i fied sec tion along the Coquihalla High way
south of the Coldwater pluton is unique in the study area. It
is dis tin guished by two in ter vals, each about 40 m thick,
com posed of interlayered coal beds, up to 0.5 m thick, al ter -
nat ing with sand stone and mi nor peb ble con glom er ate (unit 
PS1c). The low est coal bed rests on pyroxene an de site
flows and the up per most coal is depositionally over lain by
dacitic lapilli tuffs con tain ing apha ni tic an de site frag ments
and trace amounts of quartz. The area be tween the coal in -
ter vals is oc cu pied by a coarse epiclastic de posit about 75 m 
thick. It is com posed of boul der-size clasts of sand stone
and lesser amyg da loid al an de site that pro trude from a more
re ces sive ma trix made up of fri a ble sand stone, coal chips
and peb bles. The strati graphic po si tion of this un usual sec -
tion within Pimainus stra tig ra phy is un cer tain; how ever,
be cause of its char ac ter and bound ing vol ca nic rocks, it is
in ter preted as a len tic u lar de posit that has limited extent
within the pyroxene andesite lava sequence of unit PS1.

An de site flows of un de ter mined thick ness, as signed to
unit PS1, are wide spread ad ja cent to Kane val ley road and
are be lieved to oc cur at the bot tom of mid-Cre ta ceous stra -
tig ra phy at Shovelnose Moun tain. Their lithological char -
ac ter is tics and spec u lated low strati graphic po si tion are
per ceived to be com pa ra ble to those of unit G1 in the Gillis
Lake–Pros pect Creek transect. These flows have grey-
green colouration and typ i cally ex hibit por phy ritic tex tures 
im parted by 25–30% me dium-grained plagioclase and sev -
eral per cent or less pyroxene pheno crysts that of ten have a
dull ap pear ance due to par tial re place ment by chlorite. Rare 
amyg da loid al flow mem bers have been ob served.
Celadonite is wide spread along with chalcedonic silica,
filling fractures in the andesite.

Up sec tion, an de site of unit PS1 is ap par ently over lain
by sed i men tary rocks of unit PS2. Out crops are scat tered at
low el e va tion east of the Coldwater River and gen er ally
con cealed by over bur den, whereas ex po sure im proves on a
hill north of Shouz Creek. An iso lated oc cur rence of con -
glom er ate far ther south along the old CP rail bed, un der ly -
ing rhy o lite, may mark the south ern ex tent of this sed i men -
tary unit. The con glom er ate con tains nu mer ous dark
an de site clasts re sem bling the Nicola Group, and quartz-
rich sand stone. An ex po sure along the Coquihalla High -
way, about 750 m north of Coldwater Exit 256, is typ i cal of
the finer con glom er ate and sand stone be long ing to unit
PS2. Con glom er ate and sand stone of this unit are dom i -
nated by rounded cob bles and peb bles com posed mainly of
por phy ritic an de site and sparsely plagioclase-phyric
dacite. Pink granodiorite and bi o tite-tonalite peb bles and
small cob bles are a mi nor com po nent but are a char ac ter is -
tic and widely dis trib uted fea ture of the unit. Sand stone
con tains abun dant an gu lar plagioclase and lo cally di ag nos -
tic quartz and bi o tite. Plant de bris is wide spread in most of
the finer grained beds. In spite of very dif fer ent lithic com -
po nents, unit PS2 is be lieved to correlate in terms of
stratigraphic position with unit G2 in the Gillis Lake–
Prospect Creek transect.

Rhyolitic crys tal-lithic tuff with as so ci ated sand stone
and gran ule con glom er ate con tain ing fel sic vol ca nic de tri -

tus oc cupy a rel a tively thin out lier depositionally above
unit PS2 north of Shouz Creek. This fel sic tuff, des ig nated
unit PS4, and mi nor sed i men tary rocks of unit PS4s ap par -
ently ex tend south ward at low el e va tion through
Shovelnose Moun tain, the for mer unit thick en ing dra mat i -
cally where it un der lies much of the lower, south erly-fac ing 
slope. In ter nally, this tuff changes char ac ter over short dis -
tances, al though the gen eral dacite to rhy o lite com po si tion
of the unit is main tained. Ex cep tions are where less vo lu mi -
nous vol ca nic rocks are in ter spersed and clearly con trast
with the sur round ing lapilli tuffs. For ex am ple, rhy o lite
flows (unit PS3) and pyroxene an de site (unit PS4a) some -
times dis play highly dis cor dant con tacts with the tuffs. Due
to the rel a tively poor ex po sure and lithological vari abil ity
in unit PS4, there was no representative section recognized
during this study.

Unit PS4 is com posed pri mar ily of tuffs con tain ing a
va ri ety of dif fer ent frag ment com po si tions. Fel sic lapilli,
typ i cally in shades of off-white with apha ni tic tex tures and
less com monly flow lam i nated, are wide spread and di ag -
nos tic; how ever, they are not nec es sar ily the most abun dant 
frag ments. They are usu ally ac com pa nied by vary ing pro -
por tions of green apha ni tic and por phy ritic an de site and
mauve dacite, and sparse but wide spread pink quartz
monzonite frag ments. Gen er ally the tuffs are sorted and
com posed mainly of subangular to subrounded lapilli and
few blocks. The tuff ma trix is com posed of crys tal frag -
ments dom i nated by plagioclase, quartz and com monly
trace quan ti ties of bi o tite. Com monly, the tuffs form re sis -
tant, mas sive, indurated beds where the frag ments pro trude
from a recessive matrix. Welded fabrics were rarely
observed.

Rhy o lite lava flows rise from the level of the
Coldwater River more that 400 m up the west-fac ing slope
of Shovelnose Moun tain (units PS3 and PS3r). They con -
form ably over lie subhorizontal con glom er ate and sand -
stone from unit PS2, and the ap par ent con tact with ad ja cent
unit PS4 tuffs is steep, giv ing the rhy o lite the ap pear ance of
a flow dome. The rhy o lite rises in a se ries of cliffs made up
of dense, lam i nated flows. Ver ti cal stand ing col umns 60 m
high oc cupy a zone lo cally at the base of the unit. Typ i cally,
the rhy o lite is mauve, finely flow lam i nated and plagioclase 
por phy ritic. Orig i nal glass in the rocks is re placed by small
ovoid spheru lites that are scat tered and co alesc ing as they
over print flow lami na tions in spe cific lay ers. The min er al -
ogy changes in rhy o lite higher in the pile with the ad di tion
of min ute quartz, bi o tite and pos si ble slen der hornblende
prisms, none of which ex ceed 1% of the rock. Sur pris ing is
the ab sence of flow brec cia and ta lus brec cia. Only in a sim -
i lar rhy o lite unit south east of Shovelnose Mountain is
monolithic breccia associated with these lavas.

A sec ond, ho mo ge neous rhy o lite flow unit (PS6) is
found at the top of Shovelnose Moun tain. It ex tends as a
con tin u ous sheet from the sum mit part way down the north
slope, then turns south east, ta per ing as it loses el e va tion to
its pres ent ter mi nal po si tion astride the Brookmere road.
The orig i nal dis tri bu tion of the unit might have been more
ex ten sive, pos si bly ex tend ing over much of the south ern
slope of the moun tain where sim i lar rocks pres ently crop
out in a clus ter of prom i nent knolls. These scat tered ex po -
sures of rhy o lite are spec u lated to rep re sent rem nants of a
con tin u ous rhy o lite cap ping that ex isted above 1300 m el e -
va tion on the moun tain. Thick ness es ti mates for rhy o lite
vary from 150 to 250 m, inferred from sections at the
summit.
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The lower con tact of the rhy o lite might be an un con -
formity. The most com pel ling field ev i dence in sup port of
an un con form able re la tion ship is from a knoll ap prox i -
mately 4 km south east of the Shovelnose sum mit. Here,
rhy o lite flows have a subhorizontal base, over ly ing a gen tle 
north east-in clined suc ces sion made up of older Pimainus
rocks (units PS1, PS3 and PS4). More over, a win dow
through the rhy o lite north east of the sum mit re veals boul -
der con glom er ate di rectly be neath the rhy o lite. This con -
glom er ate con tains well-rounded clasts up to boul der size
that are com posed of por phy ritic an de site and dacite.
Nearby, an other iso lated con glom er ate ex po sure has
rounded cob bles ad mixed with an gu lar flow-lam i nated
rhy o lite blocks in a brec cia, sug gest ing that flows ap par -
ently overrode loosely consolidated conglomerate.

Rhy o lite from unit PS6 is best viewed along the ac cess
road to the sum mit of Shovelnose Moun tain. Col umns form 
a cliff a short dis tance south east of the sum mit. Typ i cal ex -
po sures of the rhy o lite are mauve with fine, red dish flow
lami na tions and 10–15% me dium-grained plagioclase
pheno crysts. The lami na tions vary sig nif i cantly in at ti tude
within in di vid ual out crops and com monly out line in ter nal
flow folds. The char ac ter is tic mauve col our of the rocks is
mod i fied by in cip i ent supergene al ter ation, ev i dent as ir -
reg u lar patches and streaks com posed of whit ish clay min -
er als. Weath er ing and al ter ation are ac com pa nied by the de -
vel op ment of a narrow-spaced parting that is oriented
parallel to flow laminae.

SPIUS FORMATION

The Spius For ma tion is char ac ter ized by a thick, mo -
not o nous, an de site flow suc ces sion. In the study area, these
lava flows crop out from within the Fig Lake graben, and
also to the north west where they over lie the Pimainus For -
ma tion in the Gillis Lake–Pros pect Creek transect. This
transect marks the south east ern limit of these flows, which
ex tend re gion ally to wards the north west, blan ket ing an
area nearly 10–15 km wide by 70 km long (Mon ger and
McMillan, 1989). This re gion cor re sponds to the
Nicoamen Pla teau, a high land sit u ated be tween the Nicola
River to the east and, in part, the Fra ser River to the west,
and the ham let of Spences Bridge to the north.

Thorkelson (1986) rec og nized the gradational na ture
of the con tact be tween the Pimainus and Spius for ma tions
as be ing in di cated by pyroxene an de site por phyry lavas or
welded and crys tal tuff, com mon in the Pimainus, in ter -
leaved with apha ni tic and amyg da loid al an de site lavas di -
ag nos tic of the over ly ing Spius. Al ter na tion of the
pyroxene an de site por phyry and thin ner amyg da loid al flow 
mem bers can take place over hun dreds of metres in el e va -
tion, as ob served dur ing this study in semi con tinu ous lava
ex po sures west of Spius Creek. In this tran si tional con tact
zone, we mapped the bot tom of the Spius For ma tion, where
mul ti ple, apha ni tic or amyg da loid al flows pro duce brown -
ish-weath ered, rounded, low-re lief ex po sures of fine rub -
ble and soil. An un am big u ous gradational con tact is lo cated 
along Pros pect Creek. The low est flows of the Spius For -
ma tion sharply bound an interbed, 30 m thick, com posed of
lithic-crys tal tuff. Mi cro scop i cally, the tuff is dom i nated by
pumiceous lithic frag ments, cuspate vitric shards and 1–3% 
resorbed quartz-crys tal frag ments. It is un doubt edly re lated 
to rhy o lite pyroclastic flows as signed to unit G4 of the
Pimainus For ma tion that crop out downslope, be neath the
low est Spius flows. The tuff was sampled in 2008 for U-Pb

isotopic dating to determine timing for the onset of Spius
lava eruptions.

East of the con flu ence of Pros pect and Spius creeks,
the lower con tact of the Spius For ma tion, ex posed in a
roadcut, is sharp and iden ti fied by 6 m of con glom er ate.
Flows un der ly ing the con glom er ate, con sist ing of mod er -
ately to coarsely plagioclase-pyroxene–phyric an de site,
have been as signed to the Pimainus For ma tion. Those
above the con glom er ate con sist of apha ni tic and amyg da -
loid al andesites and have been assigned to the Spius
Formation.

From a dis tance, sec tions of the Spius For ma tion ex -
hibit in di vid ual lava flows tens of metres thick stacked in
par al lel suc ces sion. Good ex po sures of this mas sive lay -
ered na ture can be viewed from vantages along the Patchett
road, look ing west to wards the in ter sec tion of Pros pect and
Spius creeks. Sim i lar, thickly lay ered, gently in clined lava
flows oc cur through out the more re mote north west ern part
of the study area. The Ed gar Creek and Hooshum log ging
roads pro vide ac cess into this area. The Spius For ma tion is
over lain above a subhorizontal un con formity by vol ca nic
rocks of the Eocene Princeton Group.

Spius flows that usu ally ap pear well lay ered and gently 
in clined from a dis tance are mas sive with bed ding dif fi cult
to dis cern at out crop scale. Within any in di vid ual flow
mem ber there are, how ever, no tice able col our and small-
scale tex tural vari a tions. Brown shades are com mon for
weath ered sur faces and red-ma roon shades when the sur -
face is ox i dized. Fresh rocks are typ i cally drab grey-green.
The tex ture of flows var ies greatly, rang ing from apha ni tic,
with and with out sparse pyroxene pheno crysts, to finely to
mod er ately pyroxene-plagioclase phyric, to amyg da loid al,
in which the con cen tra tion, shape, size and com po si tion of
amygdules vary. Amygdules range from round to elon gate
and are filled most fre quently with white quartz, chlorite
and, less com monly, ze o lite. The apha ni tic flows dis play a
honey yel low col our and gran u lar tex ture. Interflow brec -
cia forms ir reg u lar len tic u lar lay ers, gen er ally ox i dized and 
just a few metres thick. Ge odes rang ing up to 10 cm, and
rarely to 60 cm, lined with quartz-cal cite druse or com -
pletely filled with laminated greyish white agate or
radiating zeolite, were found in the flows.

Age of the Spences Bridge Group

Thorkelson and Rouse (1989) re ported a num ber of K-
Ar ages on whole-rock sam ples col lected from the Spences
Bridge Group near Merritt. Seven over lap ping dates for the
two for ma tions range from about 94 to 79 Ma with er rors of
3 Ma (1s). Based on iden ti fied palynomorph as sem blages,
Thorkelson and Rouse (1989) fa voured a “late Albian as -
sign ment for the Pimainus For ma tion as well as the Spius
For ma tion.” Thorkelson sam pled rhy o lite of the Pimainus
For ma tion at Shovelnose Moun tain for a U-Pb zir con date,
ap pend ing the date of 104.5 ±0.3 Ma in Thorkelson and
Rouse (1989). Al though the geo log i cal con text for the
dated rhy o lite was not pre sented in their pa per, we sus pect
it is de rived from the rhy o lite dome mapped on the lower
west side of the moun tain, a body des ig nated as ei ther unit
PS3 or unit PS3r in Diakow and Bar rios (2008). In our map -
ping, this rhy o lite is found stratigraphically low within the
Pimainus For ma tion, and it rep re sents a co her ent flow fa -
cies as so ci ated with a more extensive felsic fragmental
facies assigned to unit PS4.
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Far ther north west near Gillis Lake, a fragmental unit
(unit G4) con tain ing fel sic lithic and crys tal pyroclasts sim -
i lar to those in unit PS4 is cor re la tive. In the Gillis Lake–
Pros pect Creek transect, these fel sic de pos its were in ter -
preted as a nonwelded, low-vol ume, lithic-rich ash-flow
tuff mapped close to the bot tom of Pimainus stra tig ra phy. A
U-Pb zir con date of 104.4 ±0.3 Ma (Albian) from this unit
con firms a time-strati graphic re la tion ship with the top o -
graph i cally low fel sic flows and fragmental suc ces sion at
Shovelnose Mountain.

A top o graph i cally higher suc ces sion of rhy o lite flows
(unit PS6) drapes the sum mit of Shovelnose Moun tain, ap -
par ently in an un con form able con tact with the un der ly ing
fel sic suc ces sion that in cludes dated Albian rhy o lite. A rhy -
o lite flow at the sum mit of Shovelnose Moun tain was sam -
pled (sam ple 08LDi 59.1) for a U-Pb iso to pic age to de ter -
mine if these ex ten sive flows are part of the Pimainus
For ma tion and, if so, to es tab lish the duration of rhyolitic
eruptions.

The gradational con tact re la tion ship ob served be -
tween the Pimainus and Spius for ma tions, man i fested as
co alesc ing fel sic tuffs and amyg da loid al an de site flows,
sug gests that these dis tinc tive rock units erupted in rapid
suc ces sion. On set of the mas sive ef fu sive flow event that
char ac ter izes the Spius For ma tion will be es tab lished by U-
Pb dat ing of sam ple 08LDi 14.3, which was col lected from
rhy o lite vitric tuff of the Pimainus that oc curs as an
interbed, 30 m thick, be tween amyg da loid al flows at the
base of the Spius For ma tion. Di rect dat ing of the Spius For -
ma tion is dif fi cult be cause of al ter ation and lack of suit able
min er als. A black an de site glass with conchoidal frac ture,
the fresh est lava en coun tered in the Spius For ma tion, was
sam pled for a whole rock 40Ar/39Ar date (sam ple 08LDi 57.1).
This flow is just one of many very thick pla nar flows com -
pris ing a homoclinal, north east-dip ping suc ces sion dis -
sected by Teepee Creek in the north west ern part of the map
area, where they host gold-bear ing quartz veins at the Pros -
pect Val ley show ings.

Early Cretaceous (?) Conglomerate (Unit
Kc)

A subhorizontal con glom er ate unit is ex posed in ter -
mit tently in an area of at least 21 km2 east of Shovelnose
Moun tain, where it is es ti mated at be tween 60 and 180 m
thick. This con glom er ate crops out con sis tently ad ja cent to
rhyolitic rocks that are ten ta tively as signed to the Early
Cre ta ceous Spences Bridge Group; how ever, be cause these 
rock suc ces sions have not been ob served in di rect con tact,
the ex act na ture of the lower con tact is un cer tain. The top of 
the con glom er ate unit is de fined by a sharp depositional
con tact with the rem nants of a flat-ly ing Eocene
hornblende-dacite flow unit. The con glom er ate weath ers
re ces sively and its pres ence in ar eas of poor ex po sure or
subcrop is indicated by distinctive reddish brown soil.

The con glom er ate is polymictic, gen er ally dom i nated
by cob ble-size clasts that are sup ported by a ma trix com -
posed of sand and gran ules. The clasts are typ i cally well
rounded, ox i dized red and com posed of a va ri ety of vol ca -
nic por phy ries, some quartz bear ing, fewer granitoid and
lo cally abun dant grey ish, off-white and black chert. Sand -
stone con tain ing sub or di nate peb bles and fewer cob bles
forms interbeds within the coarser con glom er ate, im part ing 
a dif fusely layered appearance in some exposures.

Preto (1979) de scribed sim i lar con glom er atic rocks
(his unit 9) and showed their dis tri bu tion north east of the
pres ent study area, where they are ei ther lo cal ized ad ja cent
to ma jor faults or oc cupy a me dial strati graphic po si tion be -
tween Late Tri as sic Nicola Group and rocks pre sumed to be 
equiv a lent in age to the Early Cre ta ceous Spences Bridge
Group.

Eocene Princeton Group

Eocene vol ca nic rocks in the vi cin ity of Merritt have
been mapped as part of the Prince ton Group, dis tin guished
by the pres ence of slen der hornblende pheno crysts (Mon -
ger and MacMillan, 1989). Eocene rocks in the study area
con sist mainly of lava flows with a thick, subhorizontal,
hornblende dacite por phyry flow se quence, more than
300 m thick, oc cu py ing a ridge north of Pros pect Creek
(unit Pd). The lower con tact of this se quence with un der ly -
ing  andes i t ic  lavas of  the Spius For  ma t ion  i s  a
disconformity along which there is no ev i dence of ero sion.
A sim i lar dacite flow unit crops out 24 km far ther south east, 
form ing a se ries of iso lated dome-like mounds scat tered
over 10 km. These iso lated out crops are in ter preted to rep -
re sent re sis tant rem nants of a sol i tary lava flow that was de -
pos ited above oxidized red conglomerate of unit Kc.

The dacite forms thick ho mo ge neous sec tions in which 
col umns and autoclastic brec cia lo cally con trast with typ i -
cal mas sive, dif fusely lay ered ex po sures. Platy part ing in
these lavas pro duces flaggy weath ered de bris. They are
light grey to grey ish green and ex hibit por phy ritic tex ture,
dom i nated by 10–15% me dium-grained plagioclase and up
to 5% slen der hornblende. In dacite flows north of Pros pect
Creek, pyroxene is abun dant as mi cro scopic grains in
addition to hornblende.

Eocene vol ca nic rocks, as so ci ated with sig nif i cant
sed i men tary rocks, oc cupy part of the Fig Lake graben,
where they un con form ably rest on rocks of the Spences
Bridge Group (Thorkelson, 1989). As in ad ja cent re gions,
hornblende-phyric dacite flows dom i nate with sub or di -
nate, un der ly ing, black, glassy apha ni tic an de site. These
dacite flows are dis tin guished by lo cal flow lam i na tion and
ubiq ui tous, al beit sparse, quan ti ties of bi o tite and quartz, in
ad di tion to prominent hornblende phenocrysts.

Sed i men tary rocks of unit Pc form a sig nif i cant pro -
por tion of graben fill north of Kings vale. They are be lieved
to un der lie nearby dacitic flows; how ever, a strati graphic
con tact has not been found and sev eral fault strands ap pear
to jux ta pose the units. The sed i men tary rocks are mainly
con glom er ate, with scarce finer clastic interbeds, that are
es ti mated at more than 1800 m thick in a gently north ward-
dip ping sec tion ex posed, in part, along the Coldwater
River. Crude, thick lay er ing within the con glom er ate is
some times ac cen tu ated by sand stone to fine con glom er ate
interbeds. Clasts dis play grad ing and lo cal imbrication,
suggesting fluvial transport and deposition.

The con glom er ate is polylithic and poorly sorted, con -
tain ing well-rounded clasts up to 30 cm in di am e ter that are
sup ported by a fri a ble ma trix com posed of abun dant quartz
and po tas sium-feld spar grains. The clasts in clude abun dant 
white vein quartz and granitoid, a va ri ety of por phy ritic an -
de site and rhy o lite, and scarce jas per and schist. Some gra -
nitic clasts are dis tinc tive, rec og nized as phases that form
the Mount Lyt ton Plutonic Com plex, lo cated just a few
kilo metres south west. These in clude chlorite-al tered
granodiorite–quartz monzonite with blu ish trans lu cent
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quartz, fo li ated diorite and sparsely por phy ritic rhyolite,
which is a late dike phase.

INTRUSIVE ROCKS

Late Triassic Diorite (Unit Td)

Small, iso lated dioritic bod ies en closed by Nicola
Group strata are thought to be Late Tri as sic in age. The
pluton near the top of Iron Moun tain con sists of me dium- to 
coarse-grained gab bro and diorite, whereas a clus ter of
plugs south east of Selish Moun tain con sists of fine-grained 
diorite, one of them dis play ing a sill-like re la tion ship with
volcanic rocks.

Late Triassic Coldwater Pluton (Unit Ttn)

The Coldwater pluton crops out in an area of ap prox i -
mately 40 km2 east of the Coldwater fault, be tween Selish
Moun tain in the north and Voght Creek in the south. The in -
tru sion pas sively in vades and causes mi nor bleach ing in ad -
ja cent rocks of the Late Tri as sic Nicola Group, par tic u larly
along its subhorizontal north ern con tact. Sim i lar ther mal
al ter ation is also ev i dent in a screen of Nicola vol ca nic
rocks mapped far ther south. The south ern and south east ern
con tact of the pluton is thought to be a non con for mity with
over ly ing vol ca nic rocks as signed to the Early Cre ta ceous
Spences Bridge Group. There are mainly pyroxene-phyric
an de site flows, but a sol i tary ex po sure of polymictic con -
glom er ate at the base of the suc ces sion near Sey mour Lake
con tains tonalite clasts de rived from the pluton. The pluton
pro jects through thick gravel over bur den in a few lo cal i ties
along Voght Creek and, at the wes tern most out crop, a
strong shear fab ric is de vel oped ad ja cent to the Coldwater
fault. Up stream, be side the Coquihalla High way, out crop
of the in tru sion at creek level marks the south ern most ex -
tent of the pluton. Im me di ately to the south of this lo cal ity,
strata of the Spences Bridge Group are thought to drape the
in tru sion above a nonconformable con tact. Here, ex posed
in steep cuts along the high way, the Spences Bridge con -
sists of interbedded volcanic and sedimentary rocks, the
latter containing intervals of coal.

The pluton is com posed pri mar ily of tonalite with a
tran si tion to quartz diorite in the north. Gen er ally, the
tonalite is light grey ish white with a me dium to coarse
equigranular tex ture. The mafic min er als are dom i nated by
fresh hornblende (20–30%) and bi o tite (2–5%). Bi o tite in -
creases to 25% lo cally along the pluton margin.

Dikes cross cut ting the tonalite are un com mon and typ -
i cally nar row. They con sist of pink, or ange-weath ered,
fine-grained gran ite and rare diabase. At one lo cal ity along
the pluton mar gin, pink aplite dikelets pro ject from the in -
tru sion into bor der ing country rocks.

The pluton has pro duced sev eral Late Tri as sic K-Ar
dates (Preto et al., 1979). An un al tered tonalite col lected
dur ing this study near the cen tre of the stock yielded an
40Ar/39Ar cool ing age on bi o tite of 212.7 ±1.1 Ma, con firm -
ing em place ment of the Coldwater pluton in Late Triassic
time.

Cretaceous (?) Plutons (Unit Kqm)

Two quartz monzonite–gran ite bod ies crop out near
the top of Shovelnose Moun tain. De spite be ing iso lated

bod ies 2 km apart, they have sim i lar ap pear ance and min er -
al ogy, sug gest ing they might be apophyses of a larger
pluton at depth. They are pink, coarse grained and
equigranular, and con tain chlorite-al tered bi o tite as the pri -
mary mafic min eral. Pyroxene-bear ing an de site of the
Pimainus For ma tion is near est the in tru sions and lacks al -
ter ation. Be cause they are iso lated plugs lo cated well
within Spences Bridge stra tig ra phy and in close prox im ity
with rhy o lite flows cap ping the Pimainus For ma tion on
Shovelnose Moun tain, a genetic connection is suspected.

Triassic–Jurassic Diorite and Quartz
Monzonite (Units TJd, TJqm)

Gra nitic rocks form a con tin u ous bor der along the
south west ern mar gin of the study area; based on re gional
map ping by Mon ger (1989), they ap par ently be long to two
in tru sive com plexes that in ter face near the junc ture of
Maka and Spius creeks. These com plexes are com posed of
broadly sim i lar rocks but have dif fer ing em place ment ages
and his to ries. The Mount Lyt ton Plutonic Com plex com -
prises Late Tri as sic and Early Ju ras sic plutons, gneiss, am -
phi bo lite and my lon ite that may rep re sent deeper parts of
the Late Tri as sic Nicola arc in Quesnellia (Mon ger, 1989).
In con trast, the Ea gle Plutonic Com plex com prises pre -
dom i nantly de formed plutonic rocks that range in age from
Mid dle Ju ras sic to mid-Cre ta ceous and main tain a re cord of 
contractional de for ma tion at the western margin of the
Intermontane Belt (Greig, 1991).

Diorite and lesser quartz diorite pre vail on the ridge
south of Gillis Lake and con tinue un in ter rupted to wards the 
north west, un der ly ing lower slopes ad ja cent to Maka and
Pros pect creeks. A less vo lu mi nous phase of quartz
monzonite–granodiorite cross cuts the diorite and, in turn,
they are both in truded by fel sic dikes. Col lec tively, these
granitoid bod ies form an older base upon which rocks of the 
Spences Bridge Group locally lie.

Diorite to quartz diorite is the old est in tru sive phase
rec og nized. It is grey-green and con tains equigranular
plagioclase, pyroxene (20–40%) and quartz in a me dium-
grained rock. Rare en claves, sev eral metres across, com -
posed mainly of coarse pyroxene intergrown with less than
15% plagioclase, oc cur in the diorite. Epidote lin ing
veinlets and chlorite re plac ing mafic min er als con sti tute
weak al ter ation com mon through out diorite. Quartz
monzonite or granodiorite forms small plugs and nar row
dikes in trud ing diorite. They are typ i cally pink ish with a
sub tle green colouration due to sec ond ary chlorite, and are
coarse grained, inequigranular and weakly fo li ated. Blu ish
trans lu cent quartz (20–25%) is di ag nos tic and oc curs with
up to 20% chlorite-al tered mafic min er als. A fo li a tion strik -
ing north west and gen er ally in clined south west is prom i -
nent in both in tru sive phases south of Gillis Lake; how ever,
fo li a tion is weak or ab sent else where in the diorite. An in -
tense pen e tra tive fo li a tion and mylonitic fab ric are con -
fined to a nar row, north west-trending band of quartz
monzonite that crops out intermittently adjacent to the fault
along Maka Creek.

Nondeformed dikes, gen er ally 1 m or less in width and
rarely up to 60 m, cross cut fo li ated diorite and quartz
monzonite phases. The dikes are pink ish to white, light or -
ange weath ered and of fel sic com po si tion. They ex hibit
tex tures vary ing from apha ni tic aplite por phyry with up to
10% me dium-grained po tas sium feld spar and bi o tite to
quartz-feld spar pegmatite.
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MINERALIZATION

Two con trast ing types of min er al ized sil ica de pos its
are found in the study area. A new oc cur rence, char ac ter -
ized by stratiform and stratabound sil ica-car bon ate ho ri -
zons, has been dis cov ered within shal low-ma rine strat i fied
vol ca nic and sed i men tary rocks of the Late Tri as sic Nicola
Group. Named the ‘Castillion Creek Exhalite-Sinter’, they
have a weakly anom a lous sig na ture for the epi ther mal suite
of el e ments. No as so ci ated dis cor dant epi ther mal quartz
veins have been dis cov ered. Nar row veins and veinlets
with epi ther mal fea tures are as so ci ated with Late Tri as sic
subvolcanic (?) dacite, and tonalite of the Coldwater pluton
(Diakow and Bar rios, 2008, Ta ble 2, sam ples c, d, aa, bb
and cc). This sug gests that high-level epi ther mal min er al -
iza tion is pos si ble in compositionally evolved rocks of Late 
Tri as sic age in areas where the western felsic belt of the
Nicola Group crops out.

Cur rently, min ing ex plo ra tion in the Merritt re gion fo -
cuses on low sulphidation, epi ther mal gold-bear ing quartz
vein sys tems that are hosted in subaerial vol ca nic rocks of
the Early Cre ta ceous Spences Bridge Group. The veins oc -
cur in dif fer ing host stratigraphies, those on Shovelnose
Moun tain in rhyolitic rocks of the Pimainus For ma tion and
oth ers, in clud ing Pros pect Val ley, Pon der osa, Sullivan
Ridge and Nic, in the thick, andesitic flow se quence of the
Spius Formation.

Late Triassic Castillion Creek Exhalite-
Sinter Occurrence

A Late Tri as sic hy dro ther mal sys tem rep re sented by
stratiform sil ica-car bon ate exhalites and sinter was dis cov -
ered dur ing the BC Geo log i cal Sur vey map ping sur vey in
late 2007. This hy dro ther mal sys tem and as so ci ated prod -
ucts are lo cated along the Coquihalla High way, near
Castillion Creek, ap prox i mately 14 km south of Exit 286 at
Merritt (Fig ure 2). Named the ‘Castillion Creek Exhalite-
Sinter’, three subhorizontal si li ceous zones, interlayered
with Nicola Group vol ca nic and sed i men tary rocks, are
ver ti cally stacked, with ap prox i mately 100 m el e va tion
sep a rat ing lower and up per exhalites. Sinter, su perbly ex -
posed in a roadcut, oc cu pies a me dial po si tion rel a tive to
the exhalites. The lo cal ge ol ogy, with relative locations of
siliceous horizons, is shown in Figure 5.

EXHALITE-SINTER CHARACTERISTICS

Two sil ica exhalite ho ri zons have sharp, con form able
lower and up per con tacts with both subaerial (?) mafic vol -
ca nic rocks and shal low-ma rine sed i men tary rocks, and
strike north-north east and dip mod er ately south east (~20–
30°). The lower exhalite com prises two seg ments thought
to be con nected but sep a rated by a veg e tated gap. Each is
com posed of stratiform and stratabound sil ica. The south -
ern seg ment is a se ries of re sis tant mounds com posed of si -
li ceous blocks, aligned along a low-ly ing ridge. In ter nally,
finely lam i nated white and light grey sil ica, form ing beds
up to 11 cm thick, al ter nate with re ces sive car bon ate lay ers
sev eral centi metres thick. An gu lar blocks of red jasperoid
sil ica oc cur on the sur faces but they have not been ob served 
in situ. A very old blast pit re vealed chal co py rite in frac -
tures cut ting across lam i nated sil ica, and vug gy sil ica in
which ir reg u lar cav i ties are cored by sparry cal cite sur -
rounded by pris matic quartz. The north ern seg ment is de -
fined by semi con tinu ous sil ica subcrops trace able for

120 m and wid est in a co her ent layer 4 m thick. It displays
lithological features resembling those in the southern
segment.

The up per exhalite is a sil ica ho ri zon ex pressed as a se -
ries of re sis tive mounds dis trib uted for 500 m along a strati -
graphic con tact be tween fossiliferous black car bon ate and
over ly ing sand stone. A 200 m gap, caused by crossfaulting, 
breaks the con ti nu ity of the ho ri zon. The sil ica layer is 1.5–
3 m thick and com posed of white and dark grey, in ter nally
lam i nated and mas sive sil ica. Finely dis sem i nated py rite is
the only sulphide visible.

Sinter con trasts with the exhalites in di men sion and ap -
pear ance, at tain ing a strike length close to 300 m and a max -
i mum thick ness of 30 m at its north ern limit, and thin ning
south ward across a se ries of steep faults to around 1 m at the 
south ern limit of cliff ex po sure along the Coquihalla High -
way. Char ac ter is ti cally, the de posit is dis tinctly bed ded,
with sil ica beds be ing up to 0.5 m thick but typ i cally thin -
ner, and interlayered with or ange-weath ered, lam i nated
siltstone and sand stone. The sil ica, a clear trans lu cent va ri -
ety, typ i cally dis plays interlayer cav i ties, most of them ir -
reg u lar and some elon gate par al lel to lay er ing. Finely dis -
sem i nated py rite is found in fine clastic interbeds. No
dis cor dant quartz veins have been found in the vicinity of
the exhalites or sinter.

Chip sam ples col lected from the exhalites and sinter
were an a lyzed for a suite of el e ments by aqua regia di ges -
tion–ICP-MS at ACME An a lyt i cal Lab o ra to ries Ltd (Van -
cou ver, BC). Ta ble 1 is a sum mary of re sults ex tracted from
orig i nal data given in Diakow and Bar rios (2008). These
data show that the epi ther mal suite of el e ments is weakly
anom a lous in Au, Ag, As and Hg. Sinter has sig nif i cantly
higher con cen tra tions of Au, Mo, Mn, Hg and Ba than ei -
ther of the exhalite zones. Sil ver is higher in the exhalites,
the lower of which has higher av er age con cen tra tions for all 
elements with the exception of Pb and Zn.

LOCAL GEOLOGICAL SETTING

Nicola Group stra tig ra phy at Castillion Creek has a
basal sec tion dom i nated by mafic pyroxene-phyric lava
flows that are abruptly over lain lo cally by flow-lam i nated
rhy o lite. The low est exhalite ho ri zon oc curs within these
flows. This flow unit per sists upslope to the el e va tion of the
sinter, where it forms the base for an over ly ing strat i fied
vol cano-sed i men tary se quence, within which both sinter
and the high est exhalite horizons occur.

The sec tion of strat i fied rocks host ing sinter is about
30 m thick and lies di rectly on the un der ly ing mafic vol ca -
nic unit. At the bot tom of the sec tion is 1.5 m of thinly bed -
ded, grey-black lime stone and mudstone that con tains a
20–60 cm thick rhy o lite ash-tuff interbed. A col lec tion of
bi valves was ob tained from the lime stone for iden ti fi ca -
tion, and a sam ple was col lected from the rhyolitic tuff
interbed for U-Pb zircon geochronology.

Depositionally over ly ing the thin car bon ate is thickly
bed ded siltstone and coarse sand stone con tain ing sev eral
per cent dis sem i nated py rite grains. A mas sive pyroxene
flow with a dis tinct len tic u lar ge om e try over lies these
clastic rocks. Sinter im me di ately fol lows upsection, sharp -
ly over ly ing both the mafic flow and un der ly ing clastic
beds. The sinter is com posed of sil ica and car bon ate, form -
ing thin beds and lami na tions that al ter nate with or ange-ox -
i dized cal car e ous siltstone, feldspathic sand stone and mi -
nor peb ble con glom er ate. Rare rhy o lite ash tuff, up to 3 cm
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Fig ure 5. De tailed ge ol ogy of the ar eas host ing ex ha la tive zones near Castillion Creek. The exhalites are sit u ated ad ja cent to the Coquihalla High way within a strat i fied shal low-ma rine se -
quence com posed of sed i men tary and rhyolitic vol ca nic rocks of the Late Tri as sic Nicola Group. Lo ca tion of Castillion Creek, south of Merritt, is shown in Fig ure 2.



thick, weath ers off-white and oc cu pies 0.5 m thick in -
ter vals within interlaminated silica and siltstone
beds.

Above the sinter-sed i men tary sec tion are con -
form able vol ca nic rocks with pyroxene an de site
over lain by rhy o lite ash-flow tuff. The tuff con tains
an gu lar white and grey ish apha ni tic and flow-lam i -
nated rhy o lite frag ments. The ma trix is light green
and con tains an as sort ment of small lithic, feld spar
and mi nor quartz frag ments. Ex cept for lo cal thin
zones that dis play mod er ate welded fab ric, the de -
posit is gen er ally nonwelded. Ash-flow tuff is suc -
c e e d e d  b y  b l a c k  l i m e  s t o n e  r e  p l e t e  w i t h
recrystallized, thin-shelled bi valves. The high est si li -
ceous exhalite sharply over lies lime stone and is, in
turn, fol lowed upsection by a thick sed i men tary unit.
In the lower part of the sec tion and sharply over ly ing
the exhalite, par al lel and crosslaminated sand stone
and siltstone are in ter leaved with ma roon lapilli tuff
beds. Far ther up the sec tion, lapilli tuffs be come more 
prev a lent, and have thin accretionary lapilli
interbeds. Still far ther upsection, these volcaniclastic
rocks pass into thick pyroxene-bear ing flows occupying
the mid-slope area of Selish Mountain.

The strat i fied sec tion in the in ter val at and above the
level of the sinter to the up per exhalite com prises dis tinc -
tive rock types that can be traced for at least 2 km ad ja cent
to the Coquihalla High way. Through out, bed ding con sis -
tently strikes north east and dips south east at 20–30°. A se -
ries of par al lel high-an gle faults, ori ented east-west, cut
obliquely across the north east-strik ing stra tig ra phy. In the
sinter sec tion, south-verg ing thrusts lo cally thicken the
sinter ho ri zon and underlying carbonate unit.

East-trending faults cut ting post-Nicola stra tig ra phy
have not been rec og nized in the study area. Cu ri ously, there 
is a con cen tra tion of such struc tures at Castillion Creek and
they de limit the lat eral ex tent and in ter nally shuf fle the di -
verse stra tig ra phy and as so ci ated ex ha la tive ho ri zons. This
leads us to spec u late that these faults might have been ac -
tive at the time of de po si tion and fo cused the hy dro ther mal
flu ids within a depositional en vi ron ment that changed sev -
eral times from subaerial to shallow marine.

An iso lated si li ceous exhalite, found 5.5 km south west
of Castillion Creek, is spec u lated to have de vel oped at the
same time as those at Castillion Creek. Exhalites at this lo -
cal ity are poorly ex posed due to a thin man tle of over bur -
den. Trenches were ex ca vated at this lo cal ity many de cades
ago but are pres ently slumped and over grown. Three sam -
ples col lected for as says re turned re sults com pa ra ble to
those ob tained from the Castillion Creek exhalites. These
data are tab u lated in Diakow and Barrios (2008).

ENVIRONMENT AND AGE

Be cause no ob vi ous depositional breaks were rec og -
nized in strat i fied rocks host ing the exhalite and sinter oc -
cur rences, it is as sumed that de po si tion of the se quence was 
rel a tively con tin u ous. Pre-sinter stra tig ra phy is dom i nated
by mas sive pyroxene an de site flows, prob a bly subaerial
and pe ri od i cally in ter rupted by sub ma rine sil ica-car bon ate
ex ha la tions. Un equiv o cal ev i dence for ma rine con di tions
be gins at the bot tom of the well-strat i fied se quence host ing
sinter and con tin ues up ward to the up per exhalite. At the
bot tom of this suc ces sion, a thin black car bon ate-mudstone
con tains the com mon Late Tri as sic ma rine bi valve Halobia
(M. Or chard, Geo log i cal Sur vey of Can ada, pers comm,

2008). A thin layer of rhy o lite ash tuff within this car bon ate
yields a U-Pb iso to pic date of 224.5 ±0.3 Ma. Rhy o lite
flows nearby may be tem po rally as so ci ated with this ash,
erupted be fore the limy mud was con sol i dated. The sinter
it self is interstratified, typ i cally with finely lam i nated
siltstone and sand stone that dis play par al lel lay er ing and
rarely crosslaminations and small chan nels. Up sec tion, ev -
i dence of de po si tion above sea level or al ter na tively in very
shal low wa ter is pro vided by the build-up of pyroxene
flows suc ceeded by thin rhy o lite ash-flow tuff. The tuff is
lo cally welded and, be cause of its mea gre thick ness (typ i -
cally less than 40 m), is un likely to have de vel oped welded
struc ture in deep wa ter. The abrupt up per con tact of the ash
flow with limestone, capped by the upper exhalite and then
crosslaminated sandstone, demonstrates the change back to 
marine deposition.

Epithermal Gold-Quartz Veins

PROSPECT VALLEY (MINFILE 092I/SW 107)

The Pros pect Val ley show ing is lo cated 29 km west of
Merritt. Ac cess to the prop erty is via the Pe tit Creek For est
Ser vice Road to Hooshum log ging road, then north along a
min ing road un der con struc tion by Con sol i dated Spire
Ven tures Ltd in 2008.

Pros pect Val ley is a low-sulphidation, epi ther mal
stockwork-vein sys tem car ry ing gold that is hosted within a 
homoclinal suc ces sion com posed of thick an de site flows
be long ing to the Spius For ma tion. The quartz-vein sys tem
is ex posed spo rad i cally for about 1.3 km to wards the north -
east, main tain ing ran dom widths with in ter leaved coun try
rocks of 50–150 m. In ter nally, this quartz-vein cor ri dor is
made up of par al lel veinlets and veins, 15–75 cm wide, sep -
a rated by coun try rocks. The veins are com monly banded,
with open cav i ties lined by drusy quartz crys tals, and some
quartz brec cia. Al ter ation ob served along some veins con -
sists of cloudy pink selvages com posed of fine adu laria that
is ac com pa nied by vari ably in tense seri cite-illite (?), he ma -
tite and fine-grained py rite (Thomson, 2008). Drill ing
shows vein ing and at ten dant al ter ation lo cal ized in the
hangingwall of the Early fault zone, a struc ture ap par ently
strik ing north east and dip ping shal lowly to wards the north -
west (Thomson, 2008). En cour ag ing gold val ues from
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Table 1. Summary of assays from exhalite-sinter zones near Castillion
Creek.



trench chip samples range from 0.48 to 1.58 g/t Au over
2.0 to 10.0 m.

The only his tor i cal work re corded on the prop erty was
small-scale placer min ing ac tiv ity along Pros pect Creek,
lo cated at the south end of the prop erty, and in the Shakan
Creek drain age at the north west cor ner (Thomson, 2007).
Pros pect ing from 2001 to 2003 by Almaden Min er als Ltd,
com bined with fol low-up on BC Re gional Geo chem i cal
Stream Sed i ment Sur vey data (Jackaman and Matysek,
1994a, b), led to the dis cov ery of chalcedonic quartz float
and gold-bear ing quartz-vein brec cia. Early stages of ex -
plo ra tion by the com pany fo cused on re con nais sance soil
and silt sam pling, and a 5 line-km IP-re sis tiv ity sur vey. Re -
sults from Almaden’s ini tial ex plo ra tion de fined sev eral
min er al ized epi ther mal gold zones. The main tar get ar eas
were the RM-RMX zones, now called the Dis cov ery North
and South zones, re spec tively. In 2004, Almaden en tered
into a joint ven ture with Con sol i dated Spire Ven tures Ltd
un til 2006, at which time Con sol i dated Spire ac quired
100% own er ship of the prop erty. In 2005, Con sol i dated
Spire col lected 302 trench chip sam ples from 33 hand-dug
trenches across the Dis cov ery North and South zones. A
45 line-km ground mag netic and IP sur vey and 3734 m of
di a mond-drill ing in 23 holes were com pleted in 2006. The
high light of this drill pro gram was hole RM2006-04, which 
gave 2.17 g/t Au over 10.5 m, and hole RM2006-21, which
showed a sig nif i cant zone of stockwork vein ing and fault
brec cia be tween 37.2 m and 82 m. This sec tion had a
weighted av er age grade of 1.57 g/t Au over 45.7 m, in clud -
ing 14.07 g/t Ag over 11.8 m (Thomson, 2007). Work in
2007 con sisted of a 1188 line-km air borne mag netic sur vey, 
fol lowed by a 10-hole drill pro gram to tal ling 1775 m. Di a -
mond-drill hole DDH2007-02, lo cated 85 m north west of
hole RM2006-21, re turned 0.90 g/t Au and 5.86 g/t Ag over 
66.82 m from similar looking stockwork quartz veinlets
(Thomson, 2008).

NIC (MINFILE 092I/SW 107)

Pros pect ing in 2001, fol lowed by 38 line-km of soil
sam pling, un cov ered veins in the Dis cov ery zone, now
called the Nic zone. The Nic zone is lo cated in the north east
cor ner of the Pros pect Val ley claim block, 24 km west-
north west of Merritt. Road ac cess is via the Pe tit Creek For -
est Ser vice Road, then west on the Ed gar Creek logging
road.

Nic is an epi ther mal, low-sulphidation quartz-vein tar -
get hosted by the Spius For ma tion, which on the prop erty is
a thick suc ces sion of vari ably red ox i dized, pyroxene-
phyric and amyg da loid al an de site lava flows. Vein seg -
ments, ex posed in shal low trenches at Nic, strike north east
and dip steeply. The veins range up to 4 m long by 30 cm
wide and dis play ir reg u lar i ties, such as branch ing veinlets
and knots. They are com posed of finely crys tal line, white to 
trans lu cent quartz ac com pa nied by mi nor cal cite with
band ing, comb, and brec cia tex tures. Weak li mo nite stain
oc curs ad ja cent to the veins in the coun try rocks. Chip sam -
pling across the vein re turned up to 27.3 g/t Au and
209.1 g/t Ag, with an av er age for 40 chip samples of
1.63 g/t Au (Moore, 2005).

In 2004, Almaden optioned the Pros pect Val ley claims
to Con sol i dated Spire Ven tures Ltd. Be tween 2004 and
2005, Con sol i dated Spire en larged the ex ist ing trenches,
dug pits to test Au-in-soil anom a lies and added a soil grid.
In 2006, they drilled five holes, tar get ing a mag netic low
that trends north east and cor re sponds to the Nic zone. The

pro gram, con sist ing of 1344 m of drill ing to test the Nic
zone, re turned 3.2 g/t Au over 1.3 m from hole NIC2006-01 
and 0.95 g/t Au over 6.7 m from hole NIC2006-05
(Thomson, 2007).

SULLIVAN RIDGE (MINFILE 092I/SW 106)

Re con nais sance silt, soil and rock sam pling in 2004
prompted stak ing of the Merit claims by Almaden Min er als
Ltd. Fur ther pros pect ing found the Sullivan Ridge pros -
pect, lo cated at UTM Zone 10, 637963E, 5554070N
(NAD 83; Balon, 2006). The Sullivan Ridge pros pect is lo -
cated 20 km west of Merritt. Ac cess to this pros pect is via
the Pe tit Creek For est Ser vice Road, then onto a se ries of
old roads head ing west and then north.

A north-north east-trending ver ti cal struc ture, trace -
able in ter mit tently in or ange iron-car bon ate–al tered fault
brec cia for 750 m, hosts the Sullivan Ridge low-
sulphidation epi ther mal veins. The veins oc cur in al tered
amyg da loid al, ve sic u lar and apha ni tic andesites of the
Spius For ma tion. Branch ing quartz veins and veinlets lo -
cally oc cupy a zone 7.5 m wide and con sist of white sil ica
with comb tex tures. Al tered coun try rocks near est the veins 
and along the pre sumed fault trace are re placed by or ange-
brown iron car bon ate and ac com pa nied by weak per va sive
sili ci fi ca tion that oblit er ates pri mary min er al ogy and tex -
tures in vol ca nic hostrocks. Mi nor dis sem i nated py rite,
typ i cally less than 2%, oc curs in al tered rocks and quartz
veins. Rare mal a chite, az ur ite and grey–steel blue me tal lic
min er als were noted in white crys tal line quartz in a trench
near the south end of the pros pect. Almaden’s chip sam -
pling of veins in trenches re turned up to 14.94 g/t Au over
0.6 m and 4.28 g/t Au over 2.5 m (Balon, 2006). A bleached
and si lici fied zone, en coun tered dur ing re gional map ping,
is lo cated ap prox i mately 2 km south west of the Sullivan
Ridge pros pect; a chip sam ple as sayed 48.2 ppb Au and
444 ppb Ag (see data in Diakow and Barrios, 2008).

PONDEROSA–AXEL RIDGE PROSPECT

The Pon der osa prop erty is lo cated 16 km south west of
Merritt. Ac cess to the prop erty is from an old sec ond ary
for estry road that branches off Patchett road.

The epi ther mal, low-sulphidation vein oc cur rences on
the Pon der osa pros pect are hosted by pyroxene-an de site
por phyry flows of the Spius For ma tion. The Axel Ridge
vein forms a short but dis tinc tive low ridge trending north
and cov ered by thin over bur den. A se ries of trenches across
the ridge ex poses a se ries of par al lel quartz veins over a
width of 12 m. The quartz is grey and white chal ce dony
with crustiform and colloform banded tex tures, as well as
microcrystalline quartz, with drusy cav i ties and lay ered
comb quartz (Balon, 2007). Jas per and jas per brec cia were
found with white microcrystalline quartz in a trench north
of the Axel Ridge vein. Sparsely dis sem i nated py rite is
pres ent in the quartz veins, along with grey ish sulphide or
sulphosalt minerals.

Early work on the prop erty by Almaden Min er als Ltd,
be gin ning in 2002, con sisted of re con nais sance geo chem i -
cal silt, soil and rock sam pling. Later, a grid-based soil sur -
vey, con ducted in 2005 and 2006, col lected 1095 soil sam -
ples. En cour ag ing Au-in-soil re sults led to the dis cov ery of
Axel Ridge, a 2000 m long soil geo chem i cal anom aly lo -
cated ap prox i mately at UTM 645000E, 5540000N. Fol -
low-up work in cluded hand trench ing and blast-pit work
that col lected 29 bulk chan nel sam ples. Sig nif i cant gold
and sil ver min er al iza tion was found at three lo ca tions in
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trenches PT06-1, 2 and 3, and in nu mer ous float sam ples
along Axel Ridge. Chan nel sam ples from quartz-vein brec -
cia at Axel Ridge re turned val ues rang ing from 0.11 to
6.57 g/t Au and av er ag ing 2.22 g/t Au over 11.7 m, 1.50 g/t
Au over 10 m and 2.83 g/t Au over 6.6 m (Balon, 2007).

In 2007, Almaden optioned the Pon der osa prop erty to
Strongbow Ex plo ra tion Inc. Strongbow mapped the prop -
erty, trenched, sam pled and con ducted a 6.78 line-km
ground mag netic sur vey that cul mi nated in a six-hole,
960 m drill pro gram on the Axel Ridge oc cur rence. The
mag netic sur vey showed a zone of sub dued mag netic val -
ues trending north along Axel Ridge and an ap par ent dis lo -
ca tion of the mag netic anom aly by a fault. The geo phys i cal
sur vey was fol lowed by a trench ing pro gram that in cluded
five trenches and 193 chip sam ples across ex ten sions of the
Almaden trenches and new pro spec tive vein ar eas. Drill ing
tested the depth and lat eral ex tent of the epi ther mal quartz
veins and brec cias. No sig nif i cant veins were en coun tered
at depth, al though small zones of sili ci fi ca tion and weak
brecciation re turned up to 68 ppb Au over a 1.15 m interval
in hole PD07-03.

DORA PROSPECT

The Dora pros pect is lo cated 24 km south west of
Merritt. Ac cess to the prop erty from the north is via the
Patchett road, then south along the North Maka road to a
branch road head ing north east and up hill to the prop erty.
Dora is owned and op er ated by Appleton Ex plo ra tion Inc
and was dis cov ered in 2006 by silt and soil geo chem is try
and rock as says. The silt sur vey re cov ered three sam ples
with val ues of 105, 250 and 965 ppb Au (Henneberry,
2007). An ex ten sive soil grid, from which 3196 sam ples
were col lected, aided in de lin eat ing the Dora south and
north zones, which were sub se quently trenched by backhoe 
in 2007 and 2008.

Dora south is un der lain by lay ered, fine nod u lar rhy o -
lite flows from the Pimainus For ma tion. Hair-thick
microveinlets of trans lu cent quartz cut the coun try rocks
with no ob vi ous al ter ation ob served. About 650 m north -
west is Dora north, a zone of bleached and clay-al tered por -
phy ritic an de site of the Pimainus For ma tion that hosts
white mas sive and banded quartz veins. Chip sam ples
across nod u lar rhy o lite and quartz in the por phy ritic an de -
site re turned val ues of up to 0.919 g/t Au over 6 m, 0.512 g/t
Au over 5 m and 0.622 g/t Au over 3 m (Appleton
Exploration Inc, 2008).

QUARTZ VEIN PROSPECTS AT
SHOVELNOSE MOUNTAIN

The Shovelnose Moun tain pros pect is lo cated 30 km
south-south west of Merritt near the vil lage of Brookmere.
Ac cess to the prop erty is from a for estry road veer ing north
off the Brookmere Road, west of the vil lage. Strongbow
Ex plo ra tion Inc staked the Shovelnose prop erty in 2005
and, in 2006, con ducted an ex ten sive silt sam pling pro gram 
fol lowed by pros pect ing, map ping and soil sam pling. This
work lead to the dis cov ery of the Tower show ing (Stew art
and Gale, 2006). Fur ther work in 2007, in clud ing a
308 line-km air borne geo phys i cal sur vey and grid soil sur -
veys, iden ti fied two new showings: the Line-6 and MIK.

The Line-6 quartz veins are lo cated at UTM 652500E,
5524400N. These veins are up to 0.75 m wide and con sist
of mas sive chal ce dony hosted in rhyolitic lapilli tuff of the
Pimainus For ma tion. Al ter ation con sists of weak clay re -
place ment of frag ments and ma trix in the hostrock. In 2007, 

Strongbow found Au val ues rang ing from 0.49 to 4.89 g/t in 
1–8 cm wide quartz veins. Trench ing in 2008 un cov ered
wider veins and sam ples re turned up to 1.4 g/t Au over
16.0 m in trench L6-XT-02 and 17 g/t Au over 2 m in trench
L6-XT-01 (Strongbow Ex plo ra tion Inc, 2008).

The MIK show ing, lo cated at UTM 653800E,
5524300N, is rep re sented by nar row colloform-banded
veins in weakly clay-al tered rhyolitic lapilli tuff of the
Pimainus For ma tion. Trench ing in 2008 ex posed a 30 cm
wide vein, but no min er al iza tion was ob served. Quartz-
vein float, sam pled in 2007, re turned up to 79.79 g/t Au and
94 g/t Ag; how ever, an in situ vein source was not un cov -
ered in the 2008 trenches. Chan nel sam pling in trench MK-
XT-01 re turned 1.4 g/t Au over 3 m and, in trench MK-XT-
02, 1.45 g/t Au over 2 m.

The Tower show ing (UTM 654150E, 5524550N) con -
sists of rare banded chal ce dony veinlets up to 1 cm wide
and float pieces of chal ce dony brec cia up to 5 cm in size
hosted in hy dro ther mally al tered lapilli tuff of the Pimainus
For ma tion. Fif teen py rite-bear ing quartz vein sam ples
from the Tower show ing av er aged 0.22 g/t Au (Stew art and
Gale, 2006).

The Brookmere quartz veinlets and stockwork at UTM 
651890E, 5523745N are hosted in a sparsely plagioclase-
phyric rhy o lite flow. The veinlets range from sev eral milli -
metres to 1.5 cm wide over a strike length of 1–2 m. They
are char ac ter is ti cally comb tex tured and al ter ation con sists
only of slight bleach ing of the rhy o lite host. Trace amounts
of crys tal line dis sem i nated py rite was the only ob served
sul phide and as say sam ples re turned no sig nif i cant re sults
(Stewart and Gale, 2006).

ISOTOPIC AGE OF HYDROTHERMAL
GOLD-QUARTZ VEIN ALTERATION

Epi ther mal vein pros pects through out the belt of
Spences Bridge Group rocks have been vis ited and spec i -
mens col lected of al tered rocks ad ja cent to gold-bear ing
quartz veins, the prin ci pal ob jec tive be ing to de ter mine the
tim ing of hy dro ther mal al ter ation. Only at Pros pect Val ley
is there ev i dence of po tas sium al ter ation, as nar row, cloudy, 
pink adu laria selvages ad ja cent to quartz veins. The adu -
laria from sam ple 06LDi 10.3 orig i nates from a vein en ve -
lope at 92 m in di a mond-drill hole RM2006-4 in the Pros -
pect Val ley epi ther mal vein sys tem. It yielded a 40Ar/39Ar
age de ter mi na tion of 104.2 ±0.6 Ma. This date sug gests that 
the hy dro ther mal sys tem as so ci ated with the epi ther mal
gold min er al iza tion at Pros pect Val ley is penecontempor -
aneous with the Spences Bridge Group, a find ing that has
re gional im pli ca tions for the pos si bil ity for new dis cov er -
ies else where in the belt of Early Cre ta ceous rocks. On a lo -
cal scale, this date also dem on strates the contemporaneity
of the veins’ hostrocks, the Spius For ma tion, and
isotopically dated Pimainus Formation at Gillis Lake and
Shovelnose Mountain.
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Geology, Geochronology and Mineralization of the Chilanko Forks to
Southern Clusko River Area, West-Central British Columbia

(NTS 093C/01, 08, 09S)
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INTRODUCTION

In 2008, the Bee tle Im pacted Zone (BIZ) pro ject fo -
cused on bed rock map ping and re source eval u a tion of the
Chilanko Forks (NTS 093C/01) and Clusko River (NTS
093C/09S) map ar eas. Lo cated be tween Wil liams Lake and 
Bella Coola, in the Anahim Lake area, these map ar eas were 
tar geted be cause of rel a tively good log ging road ac cess and 
a his tor i cal lack of min eral ex plo ra tion. Build ing upon
map ping com pleted in 2007 in the in ter ven ing Chezacut
map area (NTS 093C/08; Mihalynuk et al., 2008a, b), re -
sults of new re vi sion map ping in the Clusko River sheet to
the north and Chilanko Forks sheet to the south are pre -
sented here, to gether with re sults from iso to pic age in ves ti -
ga tion of Chezacut area map units.

Map ping and re source eval u a tion in 2007 dem on -
strated that rock ex po sures are more ex ten sive and Chil -
cotin ba salt is less ex ten sive than pre vi ously rec og nized,
and that fur ther min eral ex plo ra tion in the Anahim Lake re -
gion is war ranted. Re sults of the 2008 field pro gram echo
these find ings, pro vid ing fur ther in cen tive for fu ture min -
eral ex plo ra tion in the re gion.

The BIZ pro ject is one facet of a broad ef fort by the
pro vin cial gov ern ment to stim u late eco nomic di ver si fi ca -
tion and to help re duce the long-term neg a tive eco nomic
im pact of the moun tain pine bee tle. As re corded by the
2004 For est Health Sur vey (BC Min is try of For ests and
Range, 2005a), the area of con tig u ous pine bee tle in fes ta -
tion at that time was nearly co ex ten sive with the In te rior
Pla teau (Fig ure 1). His tor i cally un prec e dented in size, the
bee tle in fes ta tion will lead to an in ev i ta ble deg ra da tion of
the trees avail able to the for est in dus try for har vest and a
de cel er a tion of the chief eco nomic en gine in cen tral Brit ish
Co lum bia (Min is try of For ests and Range, 2005b).

PINE BEETLE BACKGROUND

In west ern North Amer ica, moun tain pine bee tles
range from north ern BC to north ern Mex ico. Across the in -
te rior of BC, the for est eco sys tem is dom i nated by
lodgepole pine, which at around 80 years of age, reach their
max i mum sus cep ti bil ity to moun tain pine bee tle at tack
(Shore and Safranyik, 1992). At the out set of the cur rent
pine bee tle ep i demic, more than half of the pine for est
stands in BC were near op ti mal sus cep ti ble age, largely as a
con se quence of fire sup pres sion ef forts. Fire sup pres sion
by gov ern ment agen cies was an out growth of the Do min ion 
For est Re serves Act of 1906 (Tay lor, 1999) and cre ation of
the BC For est Ser vice Pro tec tion Branch in 1912 (BC Min -
is try of For ests and Range, 2008). Par tic u larly ef fec tive fire 
sup pres sion mea sures have been in voked since the 1960s,
such that by 2004 ma ture pine for est was three times as
abun dant as it would be in an unmanaged state (55% ver sus
~17%; Tay lor and Carroll, 2004). To day, the BC For est Ser -
vice Pro tec tion Branch re ports an ini tial at tack fire sup pres -
sion suc cess rate of 92% (BC Min is try of For ests and
Range, 2008).

The cur rent moun tain pine bee tle ep i demic is one of
five re corded out breaks within the past 85 years (Tay lor
and Carroll, 2004), al though ev i dence for moun tain pine
bee tle in fes ta tions ex tends to cen tu ries past in the form of
tree ring scars (Alfaro et al., 2004). Pre cise dis tri bu tion and
se ver ity of in fes ta tions have been re corded only since the
be gin ning of com pre hen sive ae rial sur veys in 1959 (e.g.,
Tay lor and Carroll, 2004).

LOCATION AND ACCESS

Geo log i cal bed rock map ping com pleted in 2008 cov -
ered an area of ~1300 km2, lo cated ap prox i mately 200 km
west of Wil liams Lake, mid way on the High way 20 route to
Bella Coola. It in cludes the re sort com mu nity of Puntzi
Lake, a for mer mil i tary air base on the north ern side of
High way 20 (Fig ure 1). Just out side the east ern map bor der, 
along High way 20, is the com mu nity of Redstone (20 km
west of the of fi cial lo ca tion shown on most maps).

Six main for est ser vice roads pro vide ac cess to the map 
ar eas (Fig ures 1, 2). Two main roads ser vice the Clusko
River area: the Chezacut (100) Road crosses the area di ag o -
nally from the south east (also known as the Clusko River-
Thun der Moun tain Road be yond the Clusko River), and a
ma jor branch known as the Scotty Meadow Road crosses
the north east ern map area. Four of the main roads ser vice
the Chilanko Forks area: the Baldwin Lakes Road and the
5600 Road ex tend into the south-cen tral and south east ern
por tion of the map area, the Clusko Main ac cesses the
south west, and the Puntzi Lake Road transects the south-
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cen tral and west ern parts of the map area. In the Clusko
River area, low el e va tion road beds are partly con structed
on glaciolacustrine de pos its, which can be come greasy and
treach er ous when rain-soaked. Hun dreds of kilo metres of
sec ond ary log ging roads branch off the ma jor for estry ser -
vice roads, al though many of these are de ac ti vated and best
ac cessed by moun tain bike or on foot. On old log ging roads
or in open pine for est with sparse out crop, foot tra verses in
ex cess of 20 km are rou tine.

REGIONAL GEOLOGICAL SETTING
AND PREVIOUS WORK

The Clusko River and Chilanko Forks ar eas are part of
the Fra ser Pla teau (Fig ure 1; south-cen tral In te rior Pla teau
as de fined by Hol land, 1964). Base ment rocks in this area
are part of south east ern Stikine terrane, a De vo nian to Ju -
ras sic arc com plex, near its east ern con tact with the Cache
Creek terrane, a Mis sis sip pian to Early Ju ras sic accretion -
ary com plex. Sub se quent to Mid dle Ju ras sic amal gam ation
of these two ter ranes (e.g., Ricketts et al,. 1992; Mihalynuk
et al., 2004), the con tact was over lapped by Late Ju ras sic
vol cano-sed i men tary strata, per haps cor re la tive with the
late Ju ras sic Nechako/Fawnie vol ca nic rocks of Diakow et
al. (1997) and Diakow and Levson (1997).

The south ern Clusko River map area is un der lain al -
most ex clu sively by supracrustal Eocene con ti nen tal arc
vol ca nic strata de pos ited dur ing ~55–47 Ma extensional
ex hu ma tion and cool ing of kyan ite-grade base ment rocks
char ac ter ized by ~107 Ma deformational fab rics (Fried -
man, 1992). Up per crustal equiv a lents of these Me so zoic
base ment rocks are well-ex posed in the Chezacut and
Chilanko Forks ar eas. Mio cene, Neo gene and Qua ter nary
vol ca nic rocks drape the post-Eocene paleotopography and 
vol ca nic flows infill paleotopographic lows. Larocque and
Mihalynuk (2009) have ex am ined the petro gen esis of the
Mio cene and youn ger rocks in greater de tail.

Pre vi ous re gional bed rock geo log i cal map ping in the
Anahim Lake area was con ducted by Tip per (1969a;
1:250 000 scale, NTS 093C). In the Clusko River area, Tip -
per’s map ping was re vised by Metcalfe et al. (1997;
1:50 000 scale, pub lished at ap prox i mately 1:350 000
scale, NTS 093C/09, 16, 093B/12, 13), who fo cused on
vol ca nol ogy and epi ther mal min er al iza tion in the Eocene
vol ca nic rocks. To the im me di ate west and south, the Tatla
Lake Meta mor phic Com plex was mapped by Fried man
(1988; 1:50 000 and 1:20 000 scales) as part of a Ph.D.
study on its struc tural ex hu ma tion. His map ping was ex -
tended far ther south west by Mus tard and van der Heyden
(1997; 1:50 000 scale, NTS 092N/14E, 15). All of these
sources of bed rock map data have been com piled by
Massey et al. (2005) as part of the dig i tal pro vin cial ge ol -
ogy map, and by Rid dell (2006) to aid with pe tro leum re -
source as sess ment. Mod ern geo phys i cal stud ies in clude the 
re pro cess ing of seis mic data from hy dro car bon ex plo ra tion 
ac tiv ity un der taken in the In te rior Pla teau in the early 1980s 
(e.g., Hay ward and Calvert, 2008), as well as the ac qui si -
tion and in ter pre ta tion of new geo phys i cal sur veys, in clud -
ing pas sive seis mic to mog ra phy (e.g., Cassidy and Al-
Khoubbi, 2007) and magnetotelluric im ag ing (e.g., Spratt
and Cra ven, 2008).

Two main pe ri ods of hy dro car bon ex plo ra tion ac tiv ity, 
in the early 1960s and 1980s, re sulted in more than 12 ex -
plo ra tion wells drilled in the vol cano-sed i men tary strata,
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Fig ure 1. Lo ca tion of the Chilanko Forks and Clusko River map
area, show ing fea tures men tioned in the text. Also shown are: the
area of 2005 moun tain pine bee tle in fes ta tion, which is nearly co -
ex ten sive with the In te rior Pla teau (the south ern half of which is
the Fra ser Pla teau; Hol land, 1964), dis tri bu tion of Stikine and
Cache Creek ter ranes (Massey et al., 2005), and the ex tent of the
Intermontane Belt. Road ab bre vi a tions: BL, Baldwin Lakes; CM,
Clusko Main; FSR, For est Ser vice Road; SM, Scotty Meadow,
see text.
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Fig ure 2. Geo log i cal sketch map show ing the dis tri bu tion of ma jor units dis cussed in the text, new and ex ist ing show ings, ma jor ac cess
roads and sam pling sites. This fig ure in cor po rates geo log i cal map data from Tip per (1969a), Massey et al. (2005), Rid dell (2006) and
Mihalynuk et al. (2008a).



which over lap the Stikine–Cache Creek terrane bound ary
(see Ferri and Rid dell, 2006 for a chro nol ogy of hy dro car -
bon ex plo ra tion). Seven of those wells have cores avail able
for in spec tion at the BC Min is try of En ergy, Mines and Pe -
tro leum Re sources Core Fa cil ity lo cated at Char lie Lake
(Mus tard and MacEachern, 2007). Three of these, from
wells lo cated 7 km north, 30 km east and 54 km south east of 
the map area (see Fig ure 2), pro vide data down to 3778 m
(Ca na dian Hunter Chil cotin 1982, b-22-K/93-C-9), 1307.5
m (Hud son Bay Redstone 1960, c-75-A/93-B-4), and 1720
m (Ca na dian Hunter et al. Redstone 1981, b-82-C/92-O-
14). Rid dell et al. (2007) re ported palynological and age
data from sam ples of the lat ter two wells: Late Albian
palynomorphs from ma rine shale from 115 to 152 m un der -
lain by ma rine to ter res trial strata of prob a ble Mid dle to
Late Albian age and, in the other well, Late Albian or
Cenomanian palynomorphs from be tween 1210 and 1610
m. In an ex cel lent syn op sis of age and strati graphic data,
Rid dell et al. (2007) re port iso to pic age data from the
granitoid at the max i mum depth pen e trated (1730 m) by
Ca na dian Hunter et al. Redstone b-82-C as 101.4 ±1.9 Ma,
and a de tri tal age from clastic strata at 635–730 m of 101.7
±2.2 Ma.

An Early to Mid dle Eocene U-Pb zir con age was ob -
tained from vol ca nic rocks cored at 3121 m in Ca na dian
Hunter Chil cotin b-22-K, es sen tially the same as three de -
tri tal zir con ages ob tained from sam ples col lected at depths
of be tween 2000 and 3745 m. If the strata pen e trated by
Chil cotin b-22-K have not been struc tur ally thick ened, the
data re ported in Rid dell et al. (2007) in di cate an Eocene
vol cano-strati graphic thick ness in ex cess of 3745 m.

Re gional gla cial and flu vial phys i og ra phy and
surficial de pos its have been mapped across the Anahim
Lake area by Tip per (1971) and in more de tail in the east ern
Anahim Lake area by Kerr and Giles (1993; NTS 093C/01,
08, 09, 16), who also con ducted till geo chem i cal sur veys
(see Levson and Giles, 1997). Sim i larly de tailed surficial
sur veys were con ducted by Ferbey et al. (2009) in the area
im me di ately to the east (NTS 093B/03, 04). Mihalynuk et
al. (2008b) pos tu lated that a late gla cial lake oc cu pied most
val leys in the Chezacut area at el e va tions be low 1154 m.

FIELD TECHNIQUES

Field map ping in 2008 adapted tech niques that were
found to be ben e fi cial in 2007. In par tic u lar, 1:20 000-scale
dig i tal orthophotographs (0.5 m res o lu tion) were used ex -
ten sively for the iden ti fi ca tion of ar eas of out crop and def i -
ni tion of geo log i cal lin ea ments. Roadcuts added to the in -
ven tory of bed rock ex po sures, but only mar gin ally. For
ex am ple, rocks ex posed within 15 m of roads con sti tute
only 1.4% of those mapped within the Clusko River area, or 
even less than the mea gre 2.4% in the Chezacut area
(Mihalynuk et al., 2008b; Fig ure 2). Thus, map ping fo -
cused along road net works cre ates a falsely neg a tive im -
pres sion of the per cent age of out crop within the area. It is
no ac ci dent that roads are pref er en tially con structed so as to 
avoid the high costs of blast ing bed rock. Across the re gion,
the most ex ten sive out crop ex po sures are along gla cially
scoured ridges and along the mar gins of gla cial melt wa ter
chan nels that are vis i ble on 1:20 000-scale orthophoto -
graphs.

In ar eas with ex ten sive till cover, clast com po si tions
can be used as a guide to the un der ly ing ge ol ogy. Un for tu -
nately, this tech nique is re li able only for basal till, whereas

the most ex ten sive surficial cover de pos its in the area
mapped in 2008 are re worked glaciofluvial or po ten tially
far-trav elled hummocky gla cial de pos its. Con tacts be -
tween units with a high mag netic con trast can be re li ably
mapped in the subsurface us ing avail able aero mag net ic
sur vey data (Fig ure 3), as was done to cre ate Fig ure 2.
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Fig ure 3. Re gional aero mag net ic sur vey shaded to tal field (Geo -
log i cal Sur vey of Can ada, 1994) and higher res o lu tion to tal field
cov er age in north east ern por tion of NTS 093C/09S from the
Clisbako multiparameter sur vey; see Fig ure 1 for lo ca tion. Over -
lain con toured mag netic sus cep ti bil ity val ues range from 5 to 25,
with an in ter val of 5 SI units. Lo ca tions of mag netic sus cep ti bil ity
mea sure ments at the out crop are shown as grey dots.



LAYERED ROCKS

Lay ered rocks within the Chezacut map area were di -
vided into four suc ces sions: Me so zoic, Eocene, Oligocene-
Pleis to cene or Pleis to cene-Ho lo cene by Mihalynuk et al.
(2008b). Many of the units that con sti tute these suc ces sions 
ex tend into the cur rent map ar eas (Fig ures 2, 3); they were
de scribed by Mihalynuk et al. (2008b) and are, there fore,
not re peated here. How ever, units that sig nif i cantly change
char ac ter or may bear upon a dif fer ent in ter pre ta tion are de -
scribed be low.

Mesozoic

Poorly fossiliferous Me so zoic strata were pre sumed
by Tip per (1969a) and Mihalynuk et al. (2008b) to cor re late 
with Late Tri as sic and Early Ju ras sic Stikine terrane vol ca -
nic arc strata. How ever, some strata in the Chilanko Forks
area are now known to be Mid dle Ju ras sic or per haps as
young as mid-Cre ta ceous in age, and be long to over lap suc -
ces sions that are of par tic u lar in ter est for their hy dro car bon
re source po ten tial (e.g., Rid dell and Ferri, 2008). For ex -
am ple, the only known fos sil age de ter mi na tion in the
Chilanko Forks area is from tuffaceous mudstone on the
north ern shore of Puntzi Lake (GSC lo cal ity 79765). Fol -
low ing pub li ca tion of the Anahim Lake map in 1968, Tip -
per (1969b) re ported that it con tained poorly pre served
Mid dle Ju ras sic ammonites: “Ac cord ing to H. Freebold a
prob a ble Bajocian age is in di cated” (Tip per, 1969b,
page 23). The ammonite-bear ing tuffaceous mudstone unit
is part of a co her ent stra tig ra phy in truded by monzonite, for 
which we re port a new Mid dle Ju ras sic iso to pic age de ter -
mi na tion (see ‘Geo chron ol ogy’ be low). Co her ent Me so -
zoic strata are com mon within the Chezacut area, ex tend ing 
from Puntzi Ridge to Puntzi Lake, in the north east ern cor -
ner of the Chilanko Forks sheet, but are not ex posed far ther
south and east. Sim i lar strata are ex pected to ex tend into the 
~6 km2 of the far south west ern cor ner of the south ern
Clusko River map area (Punkutlaenkut Creek-Chil cotin
River con flu ence), but field con di tions did not per mit ac -
cess to this area, which falls out side the limit of map ping
shown in Fig ure 2. Partly cor re la tive strata cut by, and de -
formed to gether with, a vari ably fo li ated polyphase tonalite 
to ba saltic in tru sive com plex un der lie much of the re main -
ing por tion of the Chilanko Forks area, ex cept for the south -
east ern cor ner, which is un der lain by Me so zoic  (?) mas sive 
vol ca nic brec cia. An other ex cep tion, the west-cen tral part
of the map area, is un der lain by Eocene dacitic strata of the
Ootsa Lake Group.

Map units char ac ter is tic of the co her ent Me so zoic
strata in clude: a bright green, car bon ate-ce mented,
hyaloclastic lapilli tuff; indurated, tan and brown vol ca nic
siltstone; or ange, ‘monzonitic’ crys tal lapilli tuff; and py -
ritic, coarse rhy o lite brec cia. All of these units are de -
scribed in Mihalynuk et al. (2008b); units not pre vi ously
de scribed fol low.

BAJOCIAN TUFFACEOUS SILTSTONE

Low, re ces sive, fri a ble out crops of red-brown
tuffaceous mudstone to sand stone (Fig ure 4a) crop out low
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Fig ure 4. Me so zoic rock types, in clud ing a) well-bed ded out crop of 
Bajocian tuffaceous siltstone, b) mas sive vol ca nic brec cia dis play -
ing typ i cal rec ti lin ear epidote-quartz-chlorite vein sets, and c) gran -
ule con glom er ate por tion of cal car e ous tuffite and sand stone.



on the south ern flank of Mount Palmer and north ern shore
of Puntzi Lake. Mudstone ap pears to be interbedded with
finely feld spar-phyric flows <2 m thick. Out crops are
strongly frac tured and cal cite veined, such that con tact re la -
tion ships are un cer tain. Some ‘flows’ could in fact be dikes
or un usu ally uni form, wa ter-lain tuff that lacks sig nif i cant
win now ing or sort ing.

VARIEGATED SILICEOUS TUFF AND
RHYOLITIC FLOWS

Rusty, white-weath er ing out crops form re sis tant
ridges, and range from coarse brec cia to pos si ble flow
domes. The flows and pyroclastic rocks are typ i cally well-
indurated, with si lici fied clasts show ing ochre, white
and/or dark green ghosted mar gins. Thick ness var ies, but
ex po sures are typ i cally in the or der of tens of metres thick.
Py ritic zones are com mon, and py rite can ex ceed 5% by
vol ume of the rock over widths of a metre.

VEINED MASSIVE TUFF

Bright green, ex ten sively epidote-al tered, blocky, or -
ange-weath er ing and re sis tant brec cia and lapilli tuff crop
out across ~20 km2 of south east ern NTS 093C/01. A pre -
sum ably more dis tal lapilli- and ash tuff-dom i nated fa cies
crops out spo rad i cally north of Fit Moun tain. Mi nor
chlorite amyg da loid al flows and epiclastic strata are lo cally 
im por tant. A feld spar crys tal ash ma trix is com mon in all
tuffaceous fa cies. Me dium-grained feld spar con sti tutes
10–25% of the ash and up to 35% of most frag ments. Up to
5% of the rock may con sist of chloritized hornblende, oc -
cur ring as me dium-grained subidiomorphic crys tals.
Sparse, al tered pyroxene may also be pres ent, but it has not
been con firmed petro graphi cally.

Green vol ca nic strata are lo cally interlayered with ma -
roon, typ i cally more ash-rich and brec cia-poor lay ers
<~20 m thick. In some of these lay ers, vague clast sort ing
and round ing sug gest an epiclastic or i gin, but most con tain
highly an gu lar frag ments. Strain is com monly par ti tioned
into these finer-grained units.

Ex ten sive epidote-chlorite and quartz vein ing is char -
ac ter is tic of the mas sive blocky parts of the unit. Epidote-
quartz veins com monly form par al lel sets of veins which
may range from 1 mm to ~4 cm in thick ness, and are well
de vel oped across vein strike for 10 m or more (Fig ure 4b).

CALCAREOUS TUFFITE AND SANDSTONE

Per haps the most wide spread Me so zoic sed i men tary
unit ex posed in the Chilanko Forks-Clusko River map area
is grey to blue-green vol ca nic tuffite and sand stone, com -
monly with a cal car e ous ma trix. This unit is tex tur ally vari -
able, rang ing from green sand stone with gran ule-con glom -
er ate lags (Fig ure 4c) to epiclastic units with tuffaceous
interbeds, to dark grey phyllitic mudstone. Lime stone lay -
ers up to 10 cm thick have been ob served in two lo cal i ties.
If better ex posed, this unit could prob a bly be sub di vided
into sev eral mappable units.

The best ex po sures of this unit are on the hills east of
Pyper Lake and in the ther mal meta mor phic halo of the
Clusko In tru sive Com plex near Puntzi Moun tain. Ad ja cent
to the com plex, the car bon ate ma trix has been con sumed
through the pro duc tion of sec ond ary calcsilicate min er als:
epidote or actinolite/tremolite, and rare grossular gar net.

Cor re la tive units within the Chezacut map area (near
Arc Moun tain) may be the ‘cal car e ous fossiliferous sand -

stone’, ‘vol ca nic siltstone/sand stone’ and pos si bly, the
‘cal car e ous chert peb ble con glom er ate’ de scribed in pre vi -
ous work (Mihalynuk et al., 2008b). Such vari abil ity in cor -
re la tive units might be ex pected given that they are sep a -
rated from those in the Chilanko Forks map area by more
than 25 km.

A min i mum rel a tive age con straint on this unit is pro -
vided by the cross cut ting, pre- to syndeformational Clusko
In tru sive Com plex. Two sam ples of this com plex have been 
sub mit ted for iso to pic age de ter mi na tion, but nei ther has
been com pleted as this pa per goes to press. How ever, a new
U-Pb age de ter mi na tion from the mainly undeformed
‘Puntzi Ridge quartz monzonite’, which cuts the pre sum -
ably cor re la tive strata within the Chezacut map area, is re -
ported be low as 160.94 ±0.13 Ma.

Cretaceous Volcanic Rocks

Vol ca nic rocks of Cre ta ceous age have not been di -
rectly dated within the Chilanko Forks to south ern Clusko
River area. How ever, Cre ta ceous vol ca nic strata are dated
at 101 ±2 Ma im me di ately east of the map area at Puntzi
Lake, as re ported by Rid dell and Ferri (2008). Re gion ally,
these rocks may cor re late with the Spences Bridge Group
(Thorkelson and Rouse, 1989; Diakow and Bar rios, 2009).
Un dated vol ca nic rocks north of east ern Tatla Lake pos si -
bly be long to this pack age, as may rocks that un der lie
Mount Charlieboy on the south ern bound ary of the
Chezacut map area.

EAST TATLA LAKE TUFF AND
AUTOBRECCIA

Ol ive-green or ma roon, blocky to rubbly and or ange-
to tan-weath er ing tuff and brec cia crop out north of the
east ern end of Tatla Lake. They are ve sic u lar and con tain
20% by vol ume of me dium- to coarse-grained, tab u lar
plagioclase, which is com monly idiomorphic and slightly
tur bid, but in some out crops can be vit re ous. Ves i cles are
gen er ally ir reg u larly shaped, chlorite- or quartz-filled, with 
mi nor bright green celadonite (Fig ure 5a). They are less
than 5 mm in di am e ter, and make up 5% by vol ume (lo cally
up to 25%) of out crops. Mafic min er als in clude chloritized
bi o tite, less com monly hornblende, and pos si bly pyroxene; 
the lat ter is typ i cally fine- to me dium-grained, idiomorphic
and ac counts for less than 5%. Most out crops are cut by cal -
cite and/or ze o lite (laumontite [?]) veins.

EAST TATLA LAKE CONGLOMERATE

Very coarse boul der to cob ble con glom er ate (Fig ure
5b) with sparse, pla nar, arkosic vol ca nic sand stone lay ers
ap pears to be en tirely of lo cal der i va tion, sourced from the
un der ly ing East Tatla Lake tuff and autobreccia. Un usu ally
well-rounded boul ders of chloritic, amyg da loid al, coarse-
bladed feld spar por phyry flow ex ceed ing 2 m in di am e ter
in di cate a per sis tent, very high-en ergy flu vial en vi ron ment
of de po si tion.

Eocene Ootsa Lake Group

Vol ca nic units that com pose the Eocene Ootsa Lake
Group in the Chezacut map area were de scribed by
Mihalynuk et al. (2008b). These units in clude: basal con -
glom er ate, acicular hornblende dacite, amyg da loid al
pyroxene-phyric ba salt, ochre brec cia and flow lobes,
dacite ash-flow tuff, ma roon- and grey-banded rhy o lite,
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and vit re ous black dacite (Fig ure 6). Com po si tions are
over whelm ingly dacitic as shown in Fig ure 7.

Fieldwork in 2008 added two ad di tional units: a con -
glom er ate unit with pet ri fied wood frag ments that may oc -
cur at sev eral strati graphic lev els, and a vari ant of the ‘vit re -
ous black dacite’ unit, that we have named the ‘Mount
Sheringham pyroxene dacite’.

Seven new 40Ar/39Ar cool ing age de ter mi na tions for
the Ootsa Lake Group within the Chezacut area show that
the ‘vit re ous black dacite’ unit is ~46–44 Ma, sig nif i cantly
youn ger than un der ly ing units (~54–50 Ma); these data are
con sis tent with the geo chron ol ogi cal find ings of Metcalfe
et al. (1997). A full re port on age de ter mi na tions from
Ootsa Lake Group vol ca nic rocks will fol low when geo -
chron ol ogi cal data from sam ples col lected in 2008 be come
avail able.

POLYMICTIC CONGLOMERATE

Al though de scribed by Mihalynuk et al. (2008b), this
unit is in cluded here as new ob ser va tions bear upon the
geo log i cal in ter pre ta tion of the area. Bright ma roon-weath -
er ing, re ces sive polymictic con glom er ate is ex posed south
and west of Fit Moun tain, where it dis plays an un con form -
able con tact with the late Ju ras sic Chilanko in tru sive com -
plex diorite. Clasts ap pear to be de rived from the un der ly -
ing Ju ras sic ter rain, in clud ing the Chilanko in tru sive
com plex (see be low). Char ac ter is tic ma roon soil has de vel -
oped above and ad ja cent to the unit. On the ba sis of lo cal
soil col our anom a lies, the con glom er ate is pre sumed to un -
der lie an ex ten sive area west and south of Fit Moun tain,
where it is spo rad i cally ex posed. This unit may rep re sent
the base of the Eocene suc ces sion in the Chilanko Forks
area; how ever, it could also mark the basal con tact of the
Cre ta ceous sec tion.
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Fig ure 5. Good ex po sures of East Tatla Lake a) autobreccia and b)
con glom er ate.

Fig ure 6. Sche matic di a gram of strati graphic re la tion ships be -
tween the ma jor units within the Clusko River and Chilanko Forks
area. See Mihalynuk et al. (2008b) for stra tig ra phy of the in ter ven -
ing Chezacut area.



CONGLOMERATE WITH PETRIFIED WOOD
CLASTS

Re ces sive, rusty, white- to yel low-weath er ing sand -
stone and con glom er ate are com mon within the up per part
of the Eocene suc ces sion near up per Clusko River (Fig ure
8a). The pres ence of pet ri fied wood frag ments is char ac ter -
is tic of this unit (Fig ure 8b). In some lo cal i ties the unit con -
tains bands of indurated, cherty siltstone; in other lo cal i ties, 
the con glom er ate may be strongly clay-al tered and can be
carved away by hand. Con glom er ate clasts vary in com po -
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Fig ure 7. a) To tal al kali-sil ica plot (af ter Le Maître, 1989) show ing
all 2008 whole rock sam ples. b) To tal al kali-sil ica plot (af ter Le
Maître, 1989) show ing Eocene vol ca nic rocks from 2007 and 2008.
c) SiO2-K2O plot for Eocene vol ca nic rocks from 2007 and 2008. d)
Quartz-Al kali feld spar-Plagioclase feld spar ter nary di a gram show -
ing com po si tions of in tru sions mapped in 2008. Com po si tions are
based on vi sual es ti mates of phase pro por tions. F: foidite; P:
phonolite; TpP: tephriphonolite; Ptp: phonotephrite; Tp/Bs:
tephrite/basanite; T: trachyte; Ta: trachyandesite; Bta: ba saltic
trachyandesite; Tb: trachybasalt; B.And: ba saltic an de site; Alk.Fs
Qtz Sy: al kali feld spar quartz syenite.

Fig ure 8. a) Very light grey- to white-weath er ing epiclastic con -
glom er ate con tains vitric ash flow frag ments at this lo cal ity. b)
Where the unit is more typ i cally rusty and yel low-weath er ing, it in -
vari ably con tains frag ments of pet ri fied wood, as seen in the thin
sec tion shown here. Long di men sion of this photo rep re sents ~2.5
mm.



si tion, but quartz-phyric clasts are ubiq ui tous. Un du lat ing
pla nar bed ding and low-an gle cross-strat i fi ca tion, and
chan nel lags are com mon.

MOUNT SHERINGHAM PYROXENE DACITE

Mount Sheringham pyroxene dacite is a sub unit of the
‘vit re ous black dacite’ of Mihalynuk et al. (2008b) and part
of the ‘Pyroxene-bear ing As sem blage’ of Metcalfe et al.
(1997). How ever, this unit con tains con spic u ous, am ber to
light lime-green quartz eyes, not de scribed as part of the
‘vit re ous black dacite’. Col our is im parted to these quartz
eyes by a glass-in clu sion–rid dled rim (Fig ure 9a), in ter -
preted as be ing due to a pe riod of rapid crys tal growth im -
me di ately pre ced ing erup tion. An other char ac ter is tic of
this unit is the for ma tion of spec tac u lar co lum nar flows that 
typ i cally range from 1 to 10 m in thick ness (Fig ure 9b) and
in di cate atyp i cally low vis cos ity for such a silicic com po si -
tion (Fig ure 7).

One pre vi ously un re ported fea ture of some amyg da -
loid al flows that make up the ‘vit re ous black dacite’ unit, is
the oc cur rence of a ves i cle-fill ing, fi brous, leather-like
min eral (Fig ure 10). It is pre lim i nar ily iden ti fied as sepio -
lite, but this has yet to be con firmed by x-ray dif frac tion
anal y sis.

Perlitic tex tures are lo cally com mon within the ‘vit re -
ous black dacite’, but none of the perlitic sam ples tested ex -
panded sig nif i cantly when heated.

Neogene Volcanic Rocks

Neo gene vol ca nic rocks in the map area en com pass
two broad rock pack ages: the Late Oligocene to Early
Pleis to cene Chil cotin Group, which ex tends over 35 000
km2 of the In te rior Pla teau (Bevier, 1983; An drews and
Rus sell, 2007), and the Pleis to cene to Ho lo cene Anahim
vol ca nic belt (Bevier, 1989; Mathews, 1989). Their char ac -
ter is tics have been de scribed within the neigh bour ing
Chezacut area (Mihalynuk et al., 2008b) and their geo -
chem is try is the sub ject of a pa per by Larocque and
Mihalynuk (2009). Only brief de scrip tions of one lo cal ity
within the Chilanko Forks and two within the Clusko River
map area fol low. Ex po sures are lim ited to the far west ern
mar gin of those ar eas, al though, sig nif i cant thick nesses of
Chil cotin Group ba salt crop out im me di ately east of cen tral
Chilanko Forks map area, on the out skirts of Redstone vil -
lage. De spite the rel a tively steep Chilanko River val ley
sides west of Redstone, only glaciofluvial de pos its are in -
cised and no bed rock could be found.

DENSE FLOWS

South west ern-most NTS 093C/09S is un der lain by
spo rad i cally ex posed Chil cotin Group flows. They are typ i -
cal of the Chil cotin Group: grey with fine- to me dium-
grained, bright green ol iv ine pheno crysts mak ing up to 3%
of the rock. Ma trix con sists mainly of plagioclase
microlites and, lo cally, 1–2% idiomorphic plagioclase
pheno crysts up to 1 cm long. It is char ac ter is ti cally spongy,
with intersertal ves i cles and glass in ap prox i mately equal
pro por tions, to gether con sti tut ing 30% of the rock.

SCORIA DEPOSITS

Just north of the north west ern cor ner of NTS
093C/09W south half is a steep-sided hill with an apron of
un con sol i dated black and ochre sco ria and ropey bombs
(Fig ure 11) con tain ing fine-grained, zoned plagioclase
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Fig ure 9. a) Embayed quartz pheno crysts within the Mount
Sheringham pyroxene dacite unit dis play an outer growth
zone with abun dant glass in clu sions. b) An ex am ple of well-
de vel oped co lum nar flows typ i cal of this unit. c) Mount
Sheringham pyroxene dacite unit sits atop light pink flow-
banded dacite (view to the north east), which pinches out to
the south, above light grey epiclastic strata. d) Close-up of
epiclastic strata show ing trough cross-strat i fi ca tion and pla -
nar bed ding. e) This unit is 5–10 Ma youn ger than most of
the Ootsa Lake Group and tends to be more flat-ly ing than
older units, as shown by the mesa in the dis tance.



(15%). Rare blocks con tain feld spar pheno crysts up to 2 cm 
long. In di vid ual blocks are hackly and ves i cle-rich (~20%,
up to 5 cm) and dis play lit tle sign of round ing or trans port
(ex cept for sparse rounded blocks of other rock types on the 
sur face of the sco ria apron).

Very low, re ces sive out crops on the ad ja cent hill are
com posed of jet black sco ria and crusty bombs in a poorly
lithified, light brown ma trix. This bed rock could be the
source of sco ria, al though none of the un con sol i dated sco -
ria con tain light brown ash ma trix within ves i cles or ad her -
ing to their sur faces. Thus, the sco ria apron is in ter preted as
an es sen tially pri mary de posit, per haps mod i fied slightly
by Late Pleis to cene melt wa ter. These de pos its are prob a bly
part of the young Anahim vol ca nic belt.

BLOCKY FLOW TOP

Only the low, drift-cov ered north west ern cor ner of the
Chilanko Forks map area is in ter preted as un der lain by
Neo gene vol ca nic rocks con sist ing of ex ten sive monolitho -
logic block fields in ter preted as nearcrop. The blocks are
tab u lar, up to 3 m in di am e ter and 2 m thick; many of these
blocks ap pear to fit to gether in jig saw fash ion and are there -

fore in ter preted as part of the same, orig i nally in tact,
autobrecciated flow unit. No sign of over ly ing gla cial de -
bris is ap par ent. Thus, the blocks are in ter preted as part of a
late to post-Pleis to cene unit, per haps part of the Anahim
vol ca nic belt.

GLACIOGENIC DEPOSITS

Glaciogenic de pos its are wide spread within the
Chilanko Forks area, and are vol u met ri cally dom i nated by
thick glaciofluvial blan kets within the main Tatla Lake,
Puntzi Creek and Puntzi Lake val leys. Gla cial de pos its
have been dis cussed as part of a study by Levson and Giles
(1997), were mapped by Kerr and Giles (1993), and ex tend
to the east where they were the sub ject of surficial map ping
and till sur veys con ducted by Ferbey et al. (2009). Read ers
are re ferred to these pub li ca tions for more de tails.

Glaciolacustrine de pos its are pre served spo rad i cally
through out the south east ern Anahim map area. Well-bed -
ded lac us trine strata are ex posed along the Clusko River
and Puntzi Lake val leys, where they lo cally ex ceed 10 m in
thick ness. In the Chezacut area, they are in ter preted as hav -
ing been de pos ited by a late gla cial lake that in un dated ap -
prox i mately 65% of the map area up to an el e va tion of
~1150 m.

INTRUSIVE ROCKS

Pro por tional dis tri bu tion of plutonic in tru sive rocks
in creases south ward in the map area, from near zero in the
south ern half of the Clusko River area to at least 30% in the
Chilanko Forks map area. Dikes re lated to Eocene vol ca -
nism are widely dis persed through out the re gion, but to the
south are greatly out num bered by those of sus pected Ju ras -
sic age. In the south east ern map area, swarms of dikes cut a
>30 km north west-elon gate polyphase plutonic body that is 
bi sected by the Chilanko River. Col lec tively, the dikes and
pluton are in for mally re ferred to as the ‘Chilanko in tru sive
com plex’. In the ar eas mapped, the north west ern limit of
the com plex is the ‘Sweetwater Lake’ monzonite, a sep a -
rate body lo cated in the Chezacut map area.

Chilanko intrusive complex

Tonalite is the most com mon rock type within the
Chilanko in tru sive com plex (Fig ure 7), but con stit u ent
phases in clude diorite to granodiorite, monzodiorite and,
rarely, gran ite. Dikes are com mon, in some places con sti -
tut ing >50% of broad ex po sures. Dikes range in com po si -
tion from ba salt to felsite and peg ma tite of prob a ble gra -
nitic com po si tion. Dikes of in ter me di ate com po si tion tend
to be the most strongly fo li ated. Con stit u ent plutonic
phases are also com monly fo li ated. Mafic phases within
both plutons and dikes con sist of am phi bole and bi o tite,
which typ i cally ac count for less than 10% by vol ume of the
rock, al though they may ac count for as much as 25% (Fig -
ure 12a). Subhedral hornblende is of ten al tered to
actinolite±chlorite and bi o tite is com monly per va sively al -
tered to chlorite. Plagioclase var ies in habit from tab u lar
euhedral to subhedral and is partly to mostly re placed by
white mica, epidote and cal cite. It has a com po si tion of
An30 ±5, al though plagioclase as calcic as An50 was ob served 
within sam ples of quartz syenite. In ter sti tial po tas sium
feld spar is com monly tur bid due to very fine-grained clay
al ter ation (prob a bly kaolinite). Quartz typ i cally dis plays
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Fig ure 10. Pho to mi cro graph of fi brous sepio lite (?), Grey, leath ery
tongues of this min eral de vel oped as it infilled flat tened ves i cles
within flow tops of the ‘vit re ous black dacite’ unit. Long di men sion
of the photo rep re sents ~2.5 mm.

Fig ure 11. Sco ria de posit in the west ern half of the Clusko River
area (south half).



su tured mar gins; very quartz-rich sam ples con tain
cataclastically re duced quartz grains. Vein as sem blages of
quartz, cal cite, actinolite, epidote and/or prehnite are wide -
spread. Ap a tite, ti tan ite and zir con are com mon ac ces sory
min er als.

Two plutonic phases within the Chilanko in tru sive
com plex are note wor thy: a uni form body of tonalite at Fit
Moun tain, and vari ably fo li ated quartz-por phy ritic
granodiorite, herein re ferred to as the ‘quartz-first
granodiorite’. Sam ples of both units were col lected for geo -
chron ol ogi cal age de ter mi na tion, but anal y ses were not yet
com plete as this pa per went to press.

FIT MOUNTAIN TONALITE

Blocky, salmon-or ange and grey-weath er ing, me -
dium-grained tonalite un der lies Fit Moun tain, and typ i cally 
con tains hornblende and lesser bi o tite as mafic phases
(~35% com bined). Me dium- to fine-grained quartz and
milky white plagioclase ac count for ~25% and 40% of the
rock vol ume. Fit Moun tain tonalite is com monly al tered
and green-tinged with mi nor epidote and chlorite veins
rang ing from milli metres to centi metres in thick ness. Mag -
ne tite (0.25%) oc curs as gran u lar patches, giv ing the unit a
mod er ately high mag netic sus cep ti bil ity (~15 SI). Traces of 
fine-grained lemon-yel low ti tan ite are com mon. Un like
most parts of the Chilanko in tru sive com plex, this body is
only lo cally fo li ated, par tic u larly at the high est el e va tions
on the west ern side of Fit Moun tain. On the east ern side, an
area of chlorite-mag ne tite al ter ation con tains veins of chal -
co py rite and bornite (see ‘Min er al iza tion’ be low).

QUARTZ-FIRST GRANODIORITE

Blocky or tab u lar, white–pink and tan-weath er ing
granodiorite is light yel low-green on fresh sur faces due to
per va sive chloritization of mafic min er als and sericiti -
zation of feld spars. It is char ac ter is ti cally quartz por phy -
ritic and holocrystalline, with me dium-grained quartz,
feld spar and bi o tite intergrown be tween coarse knots of
grey quartz (Fig ure 13). Both strongly fo li ated and
nonfoliated vari ants are com mon within the south east ern
Chilanko Forks map area.

Eocene Tatla Lake Stock

North of Tatla Lake, a widely jointed bi o tite granodio -
rite stock weath ers into rounded, light grey to tan blocks
and ap pears light grey to nearly white on fresh sur faces.
Orig i nally mapped by Fried man (1988), who ob tained
from it an iso to pic age of 47.5 Ma, the stock cuts, and is
chilled against, strongly fo li ated granodiorite of the Tatla
Lake Meta mor phic Com plex. It is not fo li ated.

Tatla Lake stock is me dium-grained and subhedral
holocrystalline, and con tains mi nor bi o tite (3–7%) and
smoky quartz (35%). Myrmekitic inter growths of in ter sti -
tial quartz and po tas sium feld spar are com mon. Very mi nor
al ter ation is lim ited to rare re place ment of bi o tite by
chlorite, and slight tur bid ity in plagioclase due to sec ond -
ary white mica. Ac ces sory phases in clude euhedral ti tan ite
and sparse rutile.

GEOCHRONOLOGY

In the Chezacut area, three ~1 km2 in tru sive bod ies
were mapped and sam pled for geo chron ol ogi cal age de ter -
mi na tion by Mihalynuk et al. (2008a, b). One of these, the
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Fig ure 12. a) Nonfoliated quartz diorite phase within the Chilanko
in tru sive com plex. b) Fo li ated cal car e ous coun try rocks ad ja cent
to the con tact of the com plex.



Chili dacite stock, is of Eocene age; the other two, the
Puntzi Ridge quartz monzonite and the ‘Sweetwater Lake’
monzonite (Fig ure 2) are of Late Ju ras sic age. We re port on
the geo chron ol ogi cal age data from these two older in tru -
sions.

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb and 40Ar/39Ar iso to pic ages pre sented here was con -
ducted at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search (PCIGR) at the De part ment of Earth and Ocean
Sci ences, Uni ver sity of Brit ish Co lum bia.

U-Pb iso to pic age de ter mi na tions re ported here
(Table 1) are from data ac quired by Ther mal Ion iza tion
Mass Spec tros copy (U-Pb TIMS). Ar gon-40/ar gon-39 iso -
to pic age de ter mi na tions are from data ac quired by the la -
ser-in duced step-heat ing tech nique (Ta ble 2). De tails of
both an a lyt i cal tech niques are pre sented in Lo gan et al.
(2007).

Sample Descriptions

Sam ples col lected for iso to pic age de ter mi na tion are
from south east ern and north west ern Chezacut map area. A
grape fruit-sized sam ple was col lected from the south east -
ern pluton, the Puntzi Ridge quartz monzonite (sam ple site
MMI07-45-1, Ta ble 2, Fig ure 2),  The me dium-grained, or -
ange, por phy ritic monzonite body was sam pled at this site
(Fig ure 14a) be cause it con tains vit re ous black bi o tite (5%)
and hornblende (15%) an un usual oc cur rence as  both min -
er als are nor mally dull green and tur bid due to al ter ation.
Ac ces sory min er als in clude mag ne tite (~5%), py rite
(~0.25%) and traces of chal co py rite. Out crops near the
sam ple site are cut by milli metre-thick sheeted K-feld spar
and epidote veins.

Pink, me dium-grained, holocrystalline monzonite is
the main rock type within the north west ern in tru sive body,
the ‘Sweetwater Lake’ monzonite. It con tains 3–4% in ter -
sti tial quartz (lo cally up to 10%), ~45% K-feld spar, 40%
plagioclase, 10% hornblende and 5% bi o tite. How ever,
per va sive epidote and chlorite al ter ation at tacks calcic
cores of plagioclase and ren ders iden ti fi ca tion of the mafic
min er als dif fi cult. It was nec es sary to col lect a ~20 kg sam -
ple from which a suf fi cient vol ume of zir cons could be ex -
tracted (sam ple site MMI07-48-6, Fig ure 2).

U-Pb Protolith Age

Zir con was sep a rated from an ap prox i mately 20 kg
sam ple of monzonite us ing a stan dard min eral sep a ra tion
tech nique, which in cludes 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. Eight air abraded sin gle grains se -
lected for anal y sis were pro cessed us ing tech niques re -
ported in Lo gan et al. (2007). One of these grains was lost
dur ing pro cess ing prior to mass spec trom e try and two gave
weak or un sta ble sig nals that did not yield us able data. An a -
lyt i cal re sults from the re main ing five grains are listed in
Ta ble 1 and plot ted in Fig ure 15. All data over lap con cordia
at the 2? con fi dence level (Fig ure 15a), with the five-point
weighted av er age of over lap ping 206Pb-238U dates at 160.94 
±0.13 Ma (Fig ure 15b) taken as the best es ti mate for the age
of the rock.

40Ar/39Ar Cooling Age

Both bi o tite and hornblende were sep a rated from sam -
ple MMI07-45-1. The bi o tite sep a rate yielded a humped-

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

Table 1. U-Pb TIMS analytical data for zircon from ‘Sweetwater Lake’ monzonite.

Fig ure 13. Quartz-first granodiorite shows typ i cal early por phy ritic
knots of quartz within a holocrystalline ma trix.



shaped re lease spec trum with no re li able pla teau age, sug -
gest ing the pres ence of ex cess ar gon. In ad di tion, the com -
puted in verse isochron ages are not rea son able. The best
age es ti mate that can be ob tained from the bi o tite data is the
in te grated pla teau age of 155.9 ±0.5, but this is sus pect and
made re dun dant with a well-be haved hornblende sep a rate.
The hornblende pla teau age of 155.1 ±1.2 Ma rep re sents
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Table 2. Ar isotopic data from Puntzi Ridge quartz monzonite.

Fig ure 14. a) Typ i cal ex po sure of Puntzi Ridge quartz monzonite
and b) thin sec tion cut-off with yel low-stained K-feld spar from a
high-level tuffaceous equiv a lent of the monzonite. c) Chilanko Ig -
ne ous Com plex quartz diorite with finer-grained, cross cut ting
monzogranite dike and d) un al tered quartz diorite of the com plex.

Fig ure 15. a) Con cordia plots for U-Pb TIMS data for sam ple
MMI07-48-6. The 2s er ror el lip ses for in di vid ual an a lyt i cal frac -
tions are in red. Con cordia bands in clude 2s er rors on U de cay
con stants. b) Mean square weighted de vi ates (MSWD) plot for the
five frac tions. Box heights are 2s.



90.7% of the 39Ar re leased (Fig ure 16a, only the high est
tem per a ture step is omit ted). The age is con firmed by an in -
verse isochron model age for the six high tem per a ture steps
which yields 154.4 ±2.9 Ma (Fig ure 16b).

Implications of Geochronology

Polyphase, vari ably fo li ated dioritic parts of the north -
ern ‘Sweetwater Lake’ monzonite in tru sion are very sim i lar 
to parts of the Chilanko in tru sive com plex, which un der lies
much of the south east ern Chilanko Forks area (Fig ure 2).
Pen e  t ra  t ive fab r ics  are  lack ing with in the main
‘Sweetwater Lake’ monzonitic body. Sim i larly, unde -
formed monzonitic phases are seen to cut the more fo li ated
parts of the Chilanko in tru sive com plex (Fig ure 14c). If this 
cor re la tion is cor rect, a rel a tive age re la tion ship is dem on -
strated, con sis tent with the iso to pic ages re ported here.

Mihalynuk et al. (2008b) sug gested that al though the
Puntzi Ridge quartz monzonite cuts struc tur ally lower Me -
so zoic arc strata, it may be comagmatic with some of the
youn ger Me so zoic tuffaceous rocks (Fig ure 14b).

An im pli ca tion of the fore go ing in fer ences is that both
the growth of the mid dle arc suc ces sion and de for ma tion
af fect ing the Chilanko in tru sive com plex are brack eted at
be tween ~161 and ~152 Ma. This de for ma tion age is con -
sis tent with syndeformational fab rics within the com plex
(see next sec tion), and ap pears co eval with de for ma tion in
south west Anahim Lake map area (van der Heyden, 2004).

STRUCTURE AND DEFORMATION

Youn gest rocks within the re gion, those of the
Oligocene-Pleis to cene Chil cotin Group and/or Pleis to -
cene-Ho lo cene Anahim vol ca nic belt, are not folded. How -
ever, Mihalynuk et al. (2008b) showed that even the youn -
gest rocks ap pear to be cut by high an gle re verse faults. No
ev i dence of such de for ma tion was ob served in the sparse
ex po sures of these rocks within the Chilanko Forks or
Clusko River ar eas.

Per va sive deformational fab rics were prob a bly formed 
in Late Ju ras sic, mid-Cre ta ceous and Early Eocene times.
At least two stages of de for ma tion have af fected Me so zoic
rocks, in clud ing Late Ju ras sic rocks within the Tatla Lake
Meta mor phic Com plex (Fried man, 1988) and prob a ble
cor re la tive rocks de formed at a higher crustal level (Mihal -
ynuk and Friedman, 2009) and now in cluded within the in -
for mally named Chilanko in tru sive com plex. In con trast,
the Eocene Ootsa Lake Group dis plays only lo cally de vel -
oped cleav age.

Jurassic Deformation

Ju ras sic de for ma tion is in di cated by the syndefor -
mational in tru sive fab rics pre served within the Chilanko
in tru sive com plex. Such fab rics in clude cross cut ting of fo -
li ated in tru sive phases by phases that ap pear composit -
ionally iden ti cal, but which are weakly to nonfoliated. If the 
Clusko In tru sive Com plex is dated at ~161–152 Ma, as ar -
gued above, then synemplacement meta mor phism is
broadly cor re la tive with that within the Atnarko Crys tal line 
Com plex (west ern part of NTS 093C). The U-Pb meta mor -
phic ages of those rocks are in ter preted as 158.8 ±0.3 Ma
and 157 ±11 Ma, based on meta mor phic zir con from
ductilely sheared metarhyolite, and syn- to late-ki ne matic
quartz diorite (van der Heyden, 2004), re spec tively. These

ages span the Mid dle–Up per Ju ras sic bound ary of 156.6
+2.0/-2.7 Ma (Pálfy et al., 2000).

Late Eocene-Oligocene Deformation

Broad folds are in ter preted to de form the Ootsa Lake
Group with pro duc tion of lo cal, open par a sitic folds and ax -
ial cleav age. This cleav age is well de vel oped only lo cally,
but in such lo cal i ties it is ob vi ous, caus ing platy seg men ta -
tion of out crops with folia pass ing through clasts. Such fab -
ric should not be con fused with much more com mon flow
fo li a tion that also re sults in platy part ing, but does not pass
through frag ments or clasts con tained within the flows. Ax -
ial cleav age is best de vel oped 4 km south east of Thun der
Moun tain, along strike of the Me so zoic up lift and fold
hinge mapped in the Chezacut area (Mihalynuk et al.,
2008a). An other fold mapped by Mihalynuk et al. (2008a),
about 8 km far ther west, could not be ver i fied by map ping
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Fig ure 16. a) Step heat ing Ar gas re lease spec tra for hornblende
sam ple MMI07-45-1. Filled pla teau steps pro duce an age of 155.1
±1.2 Ma (90.7% of 39Ar, re jected step is open). Box heights at each
step are 2s. b) The Ar iso tope ra tio cor re la tion plots for pla teau
steps in a) pro vide a re li able age de ter mi na tion of 154.4 ±2.9 Ma,
iden ti cal within er ror to the pla teau age.



along strike to the north. It may not ex ist, as in the re in ter -
pre ta tion of fered in Fig ure 2, or it may die out as it passes
from the south ern to the north ern part of the Chezacut map
area. In most other parts of the Clusko River area, tilt ing of
Eocene strata is prob a bly due to block fault ing.

The age of de for ma tion of the Ootsa Group has not
been con clu sively con strained. How ever, the ten dency of
the up per, youn ger units (~46–44 Ma, see ‘Ootsa Lake
Group’ above) to lie flat (Fig ure 9e) while the un der ly ing
rocks (~54–50 Ma) are mod er ately tilted, sug gests an in ter -
ven ing pe riod of de for ma tion. This age of de for ma tion is
con sis tent with a rapid re gional cool ing at ~50 Ma, as de ter -
mined from fis sion tracks (Rid dell and Ferri, 2008) and
extensional fault ing in the nearby Tatla Lake Meta mor phic
Com plex be tween 55 ±3 and 47 ±1.5 Ma (Fried man, 1988),
which is herein pos tu lated to ex tend to south east ern
Chilanko Forks area; see also Mihalynuk et al., 2009)
where de formed Ju ras sic rocks are widely af fected by
block fault ing.

Beau ti fully cor ru gated and pol ished fault planes (Fig -
ure 17) have a spac ing of ~5–10 m within in ter mit tently ex -
posed, ductilely de formed Chilanko in tru sive com plex
rocks in the south east ern cor ner of NTS 093C/01. Fault
planes are lined with comminuted quartz and epidote, dip
mod er ately east and gen er ally dis play nor mal to slightly
oblique off sets (al though over printed fault plane fab rics
with re verse off set are not un com mon). These faults cut an
ear lier shal low, in tense my lon ite fab ric (Fig ure 18a) and
subhorizontal west-trending folds. My lon ite is over printed
by sets of centi metre-scale, dom ino-style nor mal faults
(Fig ure 18b); with in creas ing downdip off set on these nor -
mal faults, the my lon ite be comes brecciated (Fig ure 18c).
The brec cia con sists of ce mented quartz and chlorite. We
ten ta tively in ter pret the brecciation as re cord ing a duc tile to 
brit tle tran si tion at a de tach ment fault. The cor ru gated,
mod er ately east-dip ping nor mal faults are an ti thetic with
re spect to top-to-the-west mo tion doc u mented on
extensional shear zones of the Tatla Lake Meta mor phic
Com plex (Fried man, 1988) and are typ i cal of early brit tle
shears within the brit tle-duc tile tran si tion zone footwall of
de tach ment faults (e.g., Sacremento Moun tains core com -
plex; Stew art and Ar gent, 2000). Lo cally de rived clastic
rocks atop the sheared in tru sive rocks are likely de pos ited
in small synextensional bas ins within a few hun dred ver ti -

cal metres of the de tach ment sur face. Un like the main de -
tach ment fault, which ex humes high grade rocks in the core
of the Tatla Lake Meta mor phic Com plex, the de tach ment
fault mapped within the south east por tion of the Chilanko
Forks map area is a rel a tively mi nor struc ture and shows lit -
tle ev i dence of ma jor crustal omis sion across it.

Mid dle to up per am phi bo lite-grade lower plate rocks
of the Tatla Lake Meta mor phic Com plex are sep a rated
from greenschist-grade up per plate rocks by a 1–2.5 km
thick ‘ductilely sheared as sem blage’ (DSA; Fried man,
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Fig ure 17. Mod er ately east-dip ping, beau ti fully cor ru gated and
pol ished brit tle fault plane.

Fig ure 18. a) Well-de vel oped mylonitic fab ric lo cally in cludes
ptygmatic veins. b) Dom ino-style brit tle faults cut ting the mylonitic
fab ric. c) In creased off set on brit tle faults pro duces disaggregated
and recemented brec cia.



1988). Within the Chilanko Forks area, rocks be long ing to
the DSA crop out north and south of Takla Lake. To the
north, they con sist of strongly fo li ated bi o tite granodiorite
and, to the south, they are strongly fo li ated and lineated
green schis tose rocks, prob a bly for mer volcaniclastic
strata.

MINERALIZATION

Within the Chilanko Forks area and south ern half of
the Clusko River area, only two min eral oc cur rences are re -
corded in MINFILE: ‘Chil cotin River East’ (MINFILE
093C  014) and ‘Chil cotin River West’ (MINFILE 093C 
013). Both of these “con sist…of cop per min er al iza tion
within…Ootsa Lake Group in ter me di ate to fel sic vol ca nic
and re lated rocks” (MINFILE, 2007) north of the Chil cotin
River in NTS 093C/09S. Nei ther show ing was en coun tered 
dur ing the course of our map ping. Within the in ter ven ing
Chezacut map area, sev eral new min eral oc cur rences were
dis cov ered by Mihalynuk et al. (2008b).

Newmac Re sources Inc. is owner and op er a tor of the
CA pros pect (Chilanko River prop erty), lo cated just 6 km
west of the south ern Chilanko Forks map area. Here min er -
al iza tion con sists of dis sem i nated chal co py rite within a lo -
cally fo li ated quartz diorite-an de site dike com plex (Flem -
ing, 1996) that is al most cer tainly cor re la tive with the
Chilanko in tru sive com plex. Within, or ad ja cent to the
Chilanko com plex, three cop per show ings were found dur -
ing the course of map ping in the 2008 field sea son: the Fit,
ET and Ejowra show ings (see Ta ble 3 and Fig ure 2 for lo ca -
tions). Scat tered an gu lar seri cite-al tered float dis play ing an 
epi ther mal geo chem i cal sig na ture was also found ad ja cent
to the com plex. North of Tatla Lake, intrafolial chal co py -
rite and mal a chite were found within a ~3.5 m3 er ratic of
gneissic granodiorite. North of Chilanko River, a sam ple of
al tered Eocene tuff re turned el e vated As and Au (INAA: 18 
ppm, 83 ppb). Anal y ses of grab sam ples ob tained from
these show ings are listed in Ta ble 3.

Fit Showing

Mi nor cop per-sil ver min er al iza tion is found in scat -
tered tonalite out crops and an gu lar boul ders over a ~50 m2

area about 0.75 km north east of Fit Moun tain sum mit. Min -
er al iza tion within the in tru sion ac com pa nies chlorite-mag -
ne tite al ter ation. It con sists of veinlets and dis sem i na tions

of chal co py rite and sub or di nate bornite to gether with
epidote-mag ne tite-chlorite-quartz-cal cite vein ing (Fig ure
19a, b) and ma trix re place ment. Anal y ses of sam ples col -
lected re turned up to 0.18% Cu, 2.2 g/t Ag, and 20 ppb Au
(MMI08-6-3, Ta ble 3). At tempts to track the min er al ized
zone be yond the lo cal out crops were not suc cess ful, al -
though min er al iza tion crops out ~1.2 km to the north west in 
the ther mal-meta mor phic halo of the Fit Moun tain tonalite.
Within the con tact zone, strongly al tered (chlorite-cal -
cite±epidote±al bite+scapolite (?)) and brecciated out crop
is ex posed over a ~10 m2 area. A grab sam ple of the al tered
and min er al ized brec cia re turned 0.37% Cu, 2.87 g/t Ag
and 63 ppb Au.

Ejowra Showing

A grab sam ple col lected ap prox i mately 4 km south east
of Fit Moun tain (EOR08-13-3, Ta ble 3) re turned 0.58%
Cu, 4.2 g/t Ag and 40 ppb Au. A large an gu lar block (prob a -
ble er ratic) 1.1 km to the north west con tained more than
10% py rite and a grab sam ple col lected from it con tained
7.47 g/t Te (and lesser con cen tra tions of the above noted el -
e ments). It is worth while not ing that the prob a ble er ratic is
up-ice of the out crop sam ple and must be de rived from a
sep a rate min er al ized zone (or one that is con tin u ous for
over 1 km).

ET Showing

About 2.5 km north east of Pyper Lake and 0.8 km west
of the Chilanko ig ne ous com plex con tact, vari ably fo li ated
tuffaceous rocks (Fig ure 19c) con tain veins of quartz-cal -
cite (±rhodochrosite)-epidote-chlorite±chalcocite and
mal a chite, which make up the ET show ing (Fig ure 2). Veins 
up to 15 cm thick con tain ir reg u lar knots of chalcocite up to
2 cm across. Grab sam ples col lected from var i ous veins
con tain up to 0.12% Cu, 2.8 g/t Ag and 0.2 g/t Au (Ta ble 3).

Abun dant, fist-sized, an gu lar, rusty float is scat tered
over sev eral square metres of hill side ~1.8 km south of the
ET show ing. Por tions of five an gu lar quartz- and seri cite-
al tered clasts were com bined and an a lyzed. Re sults show
el e vated base metal val ues, in clud ing 0.4 g/t Ag, 11.9 ppm
As, 22 ppm Hg, as well as 84 and 55 ppb Au (via ICP and
INAA meth ods, re spec tively; MMI08-31-3, Ta ble 3).
These re sults cor re spond to an epi ther mal geo chem i cal sig -
na ture and may war rant fur ther eval u a tion given the abun -
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Cu Pb Zn Ag Au Te Hg As Zn Ag Au As
ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS INAA INAA INAA INAA
(ppm) (ppm) (ppm) (ppb) (ppb) (ppm) (ppm) (ppm) (ppm) (ppb) (ppb) (ppm)

EOR08-13-3 Ejowra Fit Mtn. S 52.18 -124.22 5826.64 5.84 170.6 4199 40 0.88 85 2.8 <50 <5 44 9.2
EOR08-13-5 Ejowra float Fit Mtn. S 52.19 -124.23 99.02 3.91 61.7 101 7 7.47 <5 4.3 <50 <5 <2 6.0
MMI08-2-2 no name: float Fit Mtn. S 52.16 -124.25 8.69 0.94 20.5 45 <0.2 0.80 309 1.0 <50 <5 <2 4.8
MMI08-5-1 Chili Chezacut SE 52.31 -124.03 1473.66 23.84 195.5 13186 93 4.42 <5 17.0 230 23 120 34.2
MMI08-5-1rep Chili Chezacut SE 52.31 -124.03 1565.99 24.51 188.3 14477 101 4.80 <5 15.8 240 24 120 35.4
MMI08-6-3 Fit Fit Mtn 52.21 -124.24 1861.30 7.02 95.1 2226 20 0.17 <5 1.9 <50 <5 27 5.9
MMI08-6-8B Fit Fit Mtn 52.22 -124.25 3707.11 10.25 57.5 2872 63 0.19 7 0.7 <50 <5 <2 9.5
MMI08-13-7 no name Chilanko R. N 52.12 -124.40 28.99 2.73 44.4 10 <0.2 <0.02 <5 0.5 <50 <5 83 18.0
MMI08-31-3 no name Pyper Lk. E 52.05 -124.13 131.77 42.12 52.8 443 84 4.37 22 11.9 <50 <5 55 2.7
MMI08-31-12 ET Pyper Lk. NE 52.07 -124.14 1152.92 1.42 14.2 853 15 <0.02 <5 <0.1 <50 <5 29 1.0
MMI08-31-12rep ET Pyper Lk. NE 52.07 -124.14 1214.07 1.39 13.3 987 202 0.03 5 <0.1 <50 <5 29 1.0
MMI08-41-6 Erratic Tatla Lk N of E 52.02 -124.37 4040.24 1.61 10.5 2465 11 0.12 <5 1.1 <50 <5 8 3.0

TBA08-38-4 ET Pyper Lk. 52.03 -124.04 1276.51 51.22 246.4 2857 2 0.26 5 0.9 260 <5 <2 4.0

Detection limit 0.01 0.01 0.1 2 1 0.02 5 0.1 50 5 2 0.5

Notes: INAA, instrumental neutron activation analysis; ICP-MS, inductively coupled plasma mass spectrometry

A full list of samples and elements analyzed can be obtained for both INAA and ICP-MS suites from 

http://www.em.gov.bc.ca/Mining/Geolsurv/Publications/catalogue/cat_geof.htm

Method

Longitude
Sample ID Name Location Latitude

Table 3. Analytical subset for selected grab samples.



dance and an gu lar ity of the clasts, which sug gest a nearby
source.

Erratic

North of east ern Tatla Lake an er ratic of fo li ated
granodiorite con tains intrafolial chal co py rite-mal a chite
and tetrahedrite(?). One grab sam ple yielded 0.4% Cu and
2.4 g/t Ag. Min er al iza tion is con fined to one ~20 cm thick

foliaform zone (Fig ure 20). Even though this large
(~3.5 m3) er ratic lies within 100 m of out crop, a thor ough
search of the sur round ing ~1 km2 did not re veal any min er -
al ized bed rock or other min er al ized er rat ics.

Regional Mineral Potential

Some hints of epi ther mal min er al iza tion within the
Eocene Ootsa Lake Group were re vealed by anal y sis of al -
tered tuffs from north of the Chilanko River and from
quartz- and seri cite-al tered float south of the ET show ing.
How ever, if the fre quency of dis cov ery dur ing our 2008
field map ping in the Chilanko Forks area (NTS 093C/01)
can be used as an in di ca tor, the great est po ten tial for fu ture
dis cov er ies lies within the Chilanko in tru sive com plex. Our 
find ings are con firmed by the work of Newmac Re sources
Inc. and pre de ces sors at the Chilanko prop erty in ad ja cent
parts of NTS 093C/02. Thus, this >330 km2 com plex, to -
gether with rocks in the ad ja cent ther mal meta mor phic
halo, war rants fur ther sys tem atic ex plo ra tion.
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First Isotopic Age Constraints for the Dean River Metamorphic Belt,
Anahim Lake area: Implications for Crustal Extension and Resource

Evaluation in West-Central British Columbia

by M.G. Mihalynuk and R.M. Friedman1

KEYWORDS: iso to pic dat ing, Dean River meta mor phic
belt, Anahim Lake ge ol ogy, Tatla Lake Meta mor phic Com -
plex, de tach ment min er al iza tion, polymetallic fault-re -
lated, de posit model

INTRODUCTION

Re con nais sance field stud ies con ducted as part of the
Bee tle Im pacted Zone pro ject in cluded in ves ti ga tion of the
Dean River meta mor phic belt in north west ern Anahim
Lake map area (Fig ure 1; for an in tro duc tion to the Bee tle
Im pacted Zone pro ject (BIZ), its man date and de liv er ables
to date, see Mihalynuk, 2007a, b and Mihalynuk et al.,
2007, 2008, 2009). Aims of the re con nais sance in ves ti ga -
tion were: to as cer tain the type of protoliths and their geo -
log i cal set ting, eval u ate their min eral re source po ten tial
and es tab lish the na ture of the basal con tact and pre-Mio -
cene to pog ra phy. We col lected sam ples for iso to pic age de -
ter mi na tion as an aid to cor re la tion with rock pack ages for
which the min eral po ten tial is more clearly un der stood.
Based on MINFILE re cords, (MINFILE, 2008), no min eral 
oc cur rences or min eral ten ures are cur rently known to ex ist
within the Dean River meta mor phic belt (DRMB). We
pres ent the age data here to gether with field and mi cro -
scopic ob ser va tions, which sup port a cor re la tion with rocks 
in the Tatla Lake Meta mor phic Com plex.

LOCATION

Rocks of the Dean River meta mor phic belt are shown
by Schiarizza et al. (1994) to ex tend from Lily Lake near
Ulkatcho to the head wa ters of Puntzi Creek near Chantslar
Lake (north west ern to south-cen tral Anahim Lake map
area, NTS 093C; Fig ure 1). This area cor re sponds largely
with the east ern head wa ters of the Dean River. Field work
was fo cused on a broad area of dis con tin u ous ex po sure
near Rain bow Lake, 45 km north of Anahim Lake. The
main Dean River for est ser vice road, which orig i nates at the 
north ern out skirts of Anahim Lake vil lage, pro vides ac cess
to the area. A sub sid iary log ging road de parts from the main 
road be tween Far and Tanswanket creeks and DRMB rocks
are ex posed in the road bed within a kilo metre of the
Tanswanket Creek cross ing. Field work in this area was

aided by lack of un der growth due to a for est fire in the sum -
mer of 2006 (Fig ure 2).

GEOLOGICAL SETTING AND PREVIOUS 
WORK

Lit tle is known about the DRMB other than its re gional 
dis tri bu tion as com piled by Schiarizza et al. (1994), which
is mainly based upon re gional map ping by Tip per (1969).
Tip per in cluded rocks of the DRMB in his “Unit 4…mainly 
gneiss es that oc cur in a belt north east of the Coast Moun -
tains and can be traced 40 miles to the north west and more
than 60 miles south east”. At its south ern limit, Unit 4 in -
cluded parts of the Tatla Lake Meta mor phic Com plex
(TLMC; Fried man, 1988). In ob ser vance of the lim its of the 
TLMC mapped by Fried man (1988), Schiarizza et al.
(1994) sought to dis tin guish the north ern con tin u a tion of
Tip per’s north west-trending belt of meta mor phic rocks,
and named them the ‘Dean River meta mor phic belt’ (Fig -
ure 2). In a study aimed at the Mio cene and youn ger vol ca -
nic rocks of the Ilgachuz Range, Souther and Souther
(1994) ex tended the TLMC to in clude DRMB rocks near
Rain bow Lake. Souther and Souther showed that, like the
TLMC along strike to the south east, these rocks dis play a
dom i nantly east-strik ing fo li a tion and a con tact with pre -
sum ably less de formed Early Ju ras sic Hazelton Group vol -
ca nic rocks, which are ob scured by gla cial cover.

SAMPLE DESCRIPTIONS

Dean River meta mor phic belt rocks in the Rain bow
Lake area in clude dacite, tonalite, mafic tuff and vol ca nic
meta sedi ment. All dis play ev i dence of at least two phases
of de for ma tion, typ i cally a mylonitic fo li a tion which is
crenulated and lo cally over printed by a late mylonitic fab -
ric.

Dacite oc curs as low, gla ci ated, slab by or blocky, light
grey to white out crops. Protolith tex tures are com mon in all
but the most in tensely mylonitized rocks. Rel ict flat tened
crys tal-rich clasts are in ter preted as lapilli, but they could
be a prod uct of at ten u ated and dis mem bered dikelets. A
lapilli clast or i gin is pre ferred as crys tal frag ments (rel ict,
not cataclastic) and embayed quartz eyes are com mon (Fig -
ure 3). Typ i cal porphyroclasts in clude me dium-grained
plagioclase (~15%, and prob a bly mi nor sanidine), quartz
eyes (~5%), and sparse rem nants of bi o tite (<1%), which
can be dif fi cult to dis tin guish from sec ond ary bi o tite. The
pre dom i nant sec ond ary min er als are fine- to me dium-
grained mus co vite, which may ac count for 25% of the rock, 
and fine-grained sec ond ary cal cite (up to 10%). Much of
the rock con sists of comminuted quartz and feld spar. Shear
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sense in di ca tors in clude ro tated feld spar porphyroclasts
and incipiently de vel oped S-C fab rics (Fig ure 4), but vari a -
tions in the sense of off set are sug ges tive of folded shear
zone bound aries.

ISOTOPIC AGE DETERMINATION

Three sam ples of the dacite unit were se lected for iso -
to pic age de ter mi na tion. One of the least de formed and
least meta mor phosed out crops was sam pled for U-Pb age
de ter mi na tion. A strongly schis tose and white mica-rich
sam ple and a late (Fig ure 5), rel a tively undeformed quartz-

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

Fig ure 2. a) Gen eral na ture of the out crop shown in this 2006 photo 
(view ~north). b) Close-up view of typ i cal frag mented crys tal-rich
dacite, like that sam pled for U-Pb iso to pic age de ter mi na tion.

Fig ure 1. Lo ca tion map show ing the In te rior Pla teau, Bee tle Im -
pacted Zone, Intermontane Belt and con stit u ent ter ranes. Mag ni -
fied Anahim Lake in set shows the Tatla Lake Meta mor phic Com -
plex, Dean River meta mor phic belt and geo graphic fea tures
men tioned in the text.



feld spar seg re ga tion (Fig ure 4c) were sam pled for
40Ar/39Ar age determination.

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb and 40Ar/39Ar iso to pic ages pre sented here was con -
ducted at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search (PCIGR) at the De part ment of Earth and Ocean
Sci ences, Uni ver sity of British Columbia.

The U-Pb iso to pic age de ter mi na tions re ported here
were ac quired by ther mal ion iza tion mass spec tros copy (U-
Pb TIMS). The 40Ar/39Ar iso to pic age de ter mi na tions were
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Fig ure 3. Pho to mi cro graphs of a) embayed quartz (Qtz) and mus -
co vite (Ms) con cen trated along folia in strongly fo li ated dacite such
as that sam pled for 40Ar/39Ar age de ter mi na tion; b) frag mented and 
ro tated trachytic vol ca nic gran ules in sed i men tary unit dis play
pres sure shad ows. Long di men sions of pho tos rep re sent 2.5 and
5 mm, re spec tively.

Fig ure 4. Out crops dis play ing shear sense in di ca tors: a) fo li ated,
white mica-rich part of the unit and S-C de vel oped within mod er -
ately fo li ated dacite, b) strong S2 (crenulation cleav age) de vel -
oped with pre served porphyroclasts dis play ing mainly dextral
shear sense, al though one d-type porphyroclast (be low pen cil tip)
ap pears to dis play sinistral shear sense (min eral elon ga tion is
within the fab ric plane and ~ par al lel to out crop sur face in both a)
and b); c) rel a tively undeformed quartz-feld spar seg re ga tion
(sam pled for 40Ar/39Ar age de ter mi na tion with out suc cess) within a
brit tle sig moid shear zone (dextral shear sense in di cated).



ac quired by the la ser-in duced step-heat ing tech nique. De -
tails of the both an a lyt i cal tech niques are pre sented in Lo -
gan et al. (2007).

U-Pb protolith age

Zir con was sep a rated from dacite sam ple MMI07-33-3 
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. Five air-
abraded sin gle zir con grains were an a lyzed with re sults
plot ted in Fig ure 6 and listed in Ta ble 1. All data over lap
con cordia at the 2s con fi dence level. Dis per sion of Pb-U
dates are at trib uted to mi nor Pb loss; the weighted av er age
of over lap ping 206Pb-238U dates for older grains A and B at
150.2 ±0.3 Ma is taken as the best es ti mate for the age of the
rock (Fig ure 7). How ever, be cause zir cons were only air
abraded (not chem i cally abraded), Pb loss for grains A and
B can not be ruled out and this es ti mate should be con sid -
ered as a min i mum age. The weighted av er age of 207Pb-
206Pb dates for all an a lyzed grains at ca. 153 Ma gives a
rough mea sure of the max i mum age al lowed with the cur -
rent data set. We will re fine the age of this rock by an a lyz ing 
sev eral zir con grains that have un der gone chem i cal abra -
sion pre-treat ment (Mundil et al., 2004; Mattinson, 2005).

40Ar/39Ar cooling age

No use ful data was ac quired from the sam ple of syn- to
post-ki ne matic quartz-feld spar seg re ga tion, prob a bly be -
cause the feld spar was al bite and not suf fi ciently K-rich.
The white mica sam ple did yield use ful re sults, al though
the re lease spec trum was plagued by ex cess ar gon (Fig -
ure 8) as in di cated by the ris ing steps within the spec trum.
Ex cess ar gon is pres ent when the ini tial 40Ar/36Ar value is
>295.5 Ma (Ta ble 2). This con di tion is mit i gated by the
isochron plots shown in Fig ure 9a, b, which pro duce
reliable cooling ages of 49.9 ±0.5 Ma.

REGIONAL CORRELATION AND
IMPLICATIONS

Protoliths and struc tural fab rics within the DRMB are
sim i lar to those within the ductilely sheared as sem blage of
the TLMC. We sug gest that the in stincts of Tip per (1969)
and Souther and Souther (1994) led them to cor rectly cor re -
late meta mor phic rocks in north west ern through south-cen -
tral Anahim Lake area. That the TLMC is more ex ten sive
than orig i nally mapped by Fried man (1988) is not sur pris -
ing given that his lim its of the TLMC were gov erned in
large part by the ex tent of his map cov er age. Fur ther more,
Fried man and Armstrong (1988) hy poth e sized a crustal-
scale shear zone link ing core com plexes on both sides of
the Intermontane Belt (Fig ure 1); such a shear zone may
also pro vide a link age be tween intracontinental trans form
faults (Struik, 1993). If cor rect, a more wide spread man i -
fes ta tion of the crustal-scale shear zone is to be ex pected.
For ex am ple, it should be im aged in Lithoprobe deep-seis -
mic ex per i ment data (as pre dicted by Fried man and
Armstrong, 1988). How ever, the cur rent in ter pre ta tion of
most shal lowly-dip ping re flec tors ob served on the South -
ern Cordilleran Lithoprobe transect (about 250 km south -
east) is as trans-Cordilleran thrust faults (Cook et al., 1992). 
Re gional-scale de tach ment faults might also be im aged by
con fi den tial in dus try seis mic data that has been re cently re -
pro cessed (e.g., Hay ward and Calvert, 2008) or by
magnetotelluric data (e.g., Spratt and Cra ven, 2008), but in -
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Fig ure 5. Pho to mi cro graph of Dean River meta mor phic belt dacite 
show ing plagioclase porphyroclast and higher mag ni fi ca tion in set
in both plane po lar ized (bot tom right) and cross po lar ized light (top
right). Note abun dant mus co vite with high bi refrin gence. Long di -
men sion of photo rep re sents ~5 mm.

Fig ure 6. Con cordia plots for U-Pb TIMS data for sam ple MMI07-
33-3. The 2s er ror el lip ses for in di vid ual an a lyt i cal frac tions are in
red. Con cordia bands in clude 2s er rors on U de cay con stants.
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Table 1. U-Pb thermal ionization mass spectrometry (TIMS) analytical data for zircon from sample MMI07-33-3, metadacite of the Dean River metamorphic belt.



ter pre ta tion and re gional in te gra tion of these datasets are
not yet com plete. That a re gion ally-de vel oped zone of
Eocene de tach ment ex isted in the mid-crust seems nec es -
sary to ex plain nor mal fault ing in cen tral BC, which mod er -
ately tilts strata across tens of thou sands of square kilo -
metres (Lowe et al., 2001). Eocene crustal ex ten sion is also
con sis tent with ap a tite and zir con fis sion track data from
wide spread lo cal i ties that in di cate rapid cool ing be tween
55 and 50 Ma (Rid dell et al., 2007). Break away zones,
where duc tile off set in the duc tile mid-crust is trans ferred to 
the up per brit tle crust through ar rays of nor mal faults, are
in ter preted in the Puntzi Lake area (Mihalynuk et al., 2009)
and may ex plain rapid lat eral vari a tions in Cretaceous and
Tertiary Nechako Basin strata which appear as elongate
sub-basins (e.g., as interpreted by Riddell et al., 2007).

Es ti mates of the struc tural omis sion across the main
de tach ment zone can be de duced from the paleobarometric
data in Fried man (1988). He shows an omis sion of roughly
13.5 km (~4.5 kbar); al though at the lim its of er ror for the
geobarometers used, the thick ness of miss ing crust ranges
from ~3 to 24 km (~1–8 kbar). Closer to the cen tral axis of
the Intermontane Belt, min i mum depth of any re gional de -
tach ment fault is only con strained as >3778 m at the Chil -
cotin B-22-K hy dro car bon ex plo ra tion well, about 80 km
east-south east  of  Rain bow Lake,  which ends in
undeformed vol ca nic rocks. Fifty kilo metres south of the
well, Tip per’s Unit 4 meta mor phic rocks are ex posed at sur -
face, re quir ing a re gional dip on an in ter preted sin gle in ter -
ven ing de tach ment fault surface of more than 4.5 degrees.
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Table 2. 40Ar/39Ar step-heating gas release data from sample MMI07-33-3, metadacite of the Dean River metamorphic belt.

Fig ure 7. Mean square weighted de vi ates (MSWD) plot for the two
most con cor dant frac tions. Box heights are 2s.

Fig ure 8. Step-heat ing Ar gas re lease spec tra for sam ple MMI07-
33-3. Ris ing steps in di cate a prob lem with ex cess ar gon.



Cur rently the crust within the Anahim Lake area is be -
tween 30 and 35 km thick as de fined by the Moho ro vic ic
dis con ti nu ity (Moho) ex trap o lated from the Lithoprobe
transect (Cook et al., 1992) and as im aged in teleseismic
data from the west ern Anahim Lake area. Pre lim i nary in ter -
pre ta tion of newly ac quired teleseismic data from the
Nechako Ba sin in di cate a depth to the Moho of 35–40 km
(J. Cassidy, per sonal com mu ni ca tion, 2008), sim i lar to the
Moho depth near the east ern edge of the Coast Belt as im -
aged by Joshua Calkins et al. at the Uni ver sity of Ar i zona
(in Cassidy and Al-Khoubbi, 2007; see their Fig ure 7). In -
clud ing the omit ted crustal sec tion based upon the for go ing
ar gu ments, the pre-Eocene crust was prob a bly in the or der
of 45–50 km thick (al though post-Eocene cool ing has prob -
a bly de pressed the Moho slightly).

Ac cu racy of mod els of the Eocene de tach ment sur face, 
as well as thick ness and com po si tion of the crust af fected
by ex ten sion, are im por tant con sid er ations for re source as -
sess ment. Such con sid er ations are es pe cially ger mane for
pe tro leum source-rock po ten tial as the shal low crust may
have been trans lated tens of kilo metres by de tach ment, and
rocks be low any de tach ment fault are likely to have been
sub jected to sig nif i cantly higher tem per a tures and pres -
sures than those in the im me di ate hangingwall. Ad di tion -
ally, in the south west United States, de tach ment faults are
rec og nized as prin ci  pal  con trol on one group of
polymetallic (Cu-Au-Ag-Pb-Zn) de pos its. The de tach ment 
fault-re lated polymetallic de posit model (Wilkins et al.,
1986) is a largely un ex plored de posit type in BC. Small,
scat tered cop per show ings in the meta mor phic rocks in
south east ern Anahim Lake map area (Mihalynuk et al.,
2009) may be an early in di ca tion of the ex plo ra tion op por -
tu ni ties that ex ist for this type of min er al iza tion, es pe cially
if the Tatla Lake meta mor phic com plex is part of a much
more re gional de tach ment sys tem.
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Geochemical Character of Neogene Volcanic Rocks of the Central Beetle-
Infested Zone, South-Central British Columbia (NTS 093B, C)

by J.P. Larocque and M.G. Mihalynuk

KEYWORDS: al ka line magmatism, geo chem is try, Neo -
gene vol ca nic rocks, Chil cotin group, Anahim vol ca nic
belt

INTRODUCTION

Vol ca nic rocks have formed along the length of the
North Amer i can Cor dil lera dur ing the Neo gene and Qua -
ter nary pe ri ods. Vol ca nism of this age is dom i nantly al ka -
line and ex tends through out cen tral Brit ish Co lum bia and
the south ern Yu kon Ter ri tory. Dis tinct prov inces of al ka line 
magmatism have been iden ti fied in BC, in clud ing the
north ern Cor dil lera vol ca nic prov ince, the Chil cotin Group 
and the Anahim vol ca nic belt (e.g., Ed wards and Rus sell,
2000). Of these, the lat ter two oc cur within the Bee tle-In -
fested Zone and rep re sent the youn gest units mapped by
Mihalynuk et al. (2008). A ma jor-el e ment geo chem i cal in -
ves ti ga tion of the con tem po ra ne ous Anahim vol ca nic belt
and Chil cotin Group bas alts suggests that their com po si -
tions are controlled by a common process.

PREVIOUS WORK

Anahim Volcanic Belt

The Anahim vol ca nic belt is a well-stud ied east-
trending chain of Neo gene shield vol ca noes and in tru sions
ex tend ing from coastal BC west of Bella Coola, into the in -
te rior of the prov ince (Fig ure 1). There is a well-de fined
age pro gres sion from west to east along the belt (Souther,
1986). The old est ex pres sions of magmatism in the Anahim 
vol ca nic belt are the coastal Bella Bella dikes and the King
Is land pluton, dated at 14.5–12.5 Ma and 13–10.3 Ma, re -
spec tively. Dis crete vol ca nic cen tres oc cur east of Bella
Coola, in clud ing the Rain bow Range, the Ilgachuz Range,
the Itcha Range and the Nazko cones, which range sys tem -
at i cally in age from 8.7 to 0.34 Ma (Bevier, 1978; Souther,
1986; Souther et al., 1987). With the ex cep tion of the
Nazko lavas, all vol ca nic ac tiv ity along the Anahim vol ca -
nic belt be gan with early shield-build ing fel sic erup tions,
which were later capped by mafic flows (Bevier, 1978;
Souther, 1984; Charland and Fran cis, 1993). These late-
stage mafic lavas range in com po si tion from hawaiite
through al kali ol iv ine ba salt to basanite, with a trend of pro -
gres sive Si-undersaturation in later erup tions (e.g., Char -
land and Fran cis, 1993). Work on the Itcha Range has

shown that the hawaiite can be pro duced through the frac -
tion ation of ol iv ine+clinopyroxene from prim i tive al kali
ol iv ine ba salt at the base of the crust (Charland et al., 1995), 
while the basanite re quires a dis tinct pa ren tal magma based
on trace-element ratios (Charland and Francis, 1993).

Chilcotin Group

The Chil cotin Group ranges in age from 34 to 1 Ma,
with pe ri ods of high erup tion rates at 16–14 Ma, 9–6 Ma
and 3–1 Ma (Mathews, 1989). Ex tru sive rocks in clude
subaerial and sub aque ous ba saltic lava and pyroclastic
rocks, while mi nor gabbroic to ba saltic plugs are in ter -
preted to rep re sent lava vents (Bevier, 1983). The bas alts
are tran si tional from al kali ol iv ine ba salt to quartz-nor ma -
tive ba salt. The Chil cotin Group is broadly con tem po ra ne -
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ous with both the Anahim vol ca nic belt and the calcalkaline 
Pem ber ton and Gar i baldi vol ca nic belts to the south west,
and has been in ter preted as hav ing formed in a backarc ba -
sin be hind the Cascadia-Gar i baldi arc (Souther, 1977;
Bevier, 1983). Once be lieved to cover up to 50 000 km2 of
the south-cen tral in te rior of BC with an av er age thick ness
of 70 m (Bevier, 1983), re cent map ping sug gests a sig nif i -
cantly smaller ae rial ex tent (~36 500 km2), and top o graphic 
mod el ling shows that the ba saltic cover is rel a tively thin
(<50 m), ex cept where the flows have filled paleochannels
(Andrews and Russell, 2007; Mihalynuk, 2007).

A num ber of im por tant pet ro log i cal ob ser va tions were
made by Bevier (1983) per tain ing to the Chil cotin Group
bas alts, in clud ing that

· they are com monly aphyric, with ol iv ine as the dom i -
nant phenocryst phase;

· the most magnesian ol iv ine com po si tion is Fo83, too
low for the bas alts to be pri mary melts of peridotite
con tain ing Fo89-92; and

· the ma jor-el e ment compositional ar ray can not be mod -
elled by frac tional crys tal li za tion.

GEOCHEMISTRY OF NEOGENE MAFIC
LAVAS

Anahim Volcanic Belt

Ma jor-el e ment geo chem is try of the mafic lava flows
of the Anahim vol ca nic belt re veals sys tem atic changes in
the de gree of Si-undersaturation along the belt (Fig ure 2),
par al lel ing changes in the geo chem is try of late mafic flows
at in di vid ual cen tres. The trends de fined by in di vid ual vol -
ca nic cen tres are readily ex plained by frac tion ation of ol iv -
ine+clinopyroxene±plagioclase, phases that are pres ent as
pheno crysts in mafic lava from the Anahim vol ca nic belt. If 
the data is fil tered to min i mize the ef fects of crys tal sort ing,
how ever, a dif fer ent story emerges. Lava flows hav ing

>8 wt. % MgO form an ar ray that can not be ex plained by
olivine±clinopyroxene fractionation (Figure 3).

Chilcotin Group

The Chil cotin Group bas alts (also fil tered for lava
flows with >8 wt. % MgO) form poorly de fined trends in
most ma jor-el e ment space. Like the prim i tive lava of the
Anahim vol ca nic belt, they dis play be hav iour that is in com -
pat i ble with ol iv ine frac tion ation, or in deed any com bi na -
tion of ol iv ine, clinopyroxene, plagioclase, spinel and/or
Fe-Ti ox ide frac tion ation (Fig ure 4). Like wise, the trend
can not be ex plained by vary ing de grees of par tial melt ing
of an an hy drous peridotite source, as the in com pat i ble el e -
ments do not cor re late with in di ces of par tial fu sion. Bevier
(1983) took such be hav iour to in di cate chem i cal het er o ge -
ne ity in the source re gion, re quir ing the Chil cotin Group
bas alts to have been gen er ated by dif fer ent de grees of par -
tial melt ing of a source with a het er o ge neous dis tri bu tion of 
in com pat i ble el e ments. The neg a tive cor re la tion of Mg (a
proxy for the ex tent of par tial melt ing) with K and Ti re -
quires that re gions that melted to the great est ex tent (pro -
duc ing the high est Mg bas alts) also had the high est in com -
pat i ble-el e ment con cen tra tions (Fig ure 4). This trend could 
be ex plained by the melt ing of a hy drous K- and Ti-bear ing
phase, such as am phi bole or phlogopite. Hy drous flu ids
have the ef fect of de press ing the peridotite sol i dus, and the
more wa ter pres ent, the greater the de gree of par tial melt ing 
at a given tem per a ture (e.g., Hirose and Kawamoto, 1995).
Re gions of high am phi bole or phlogopite con cen tra tion
would have re leased more wa ter upon melt ing, de press ing
the peridotite sol i dus to a greater ex tent, and yield ing com -
par a tively large melt frac tions (those with the high est Mg
con tents). While there is lit tle cor re la tion be tween Pb iso to -
pic ra tios and K in the Chil cotin Group bas alts, K and Sr
iso to pic ra tios do cor re late as ex pected. One pos si ble ex -
pla na tion for the Pb iso to pic ra tios is that the process that
created heterogeneous mantle metasomatism immediately
predated the generation of Chilcotin Group melts without
sufficient time for Pb isotopic differentiation.
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Fig ure 2. Plot of Na+K ver sus Si (in cat ion units) show ing trends
among the Rain bow Range, Itcha Range, and Nazko cone vol ca -
nic cen tres of the Anahim vol ca nic belt. Data from Bevier (1978),
Charland and Fran cis (1993), Charland et al. (1995) and Souther et 
al. (1987). The al ka line-subalkaline line is from Charland and Fran -
cis (1993).

Fig ure 3. Plot of Ti ver sus Si, show ing Itcha Range and Nazko
cone lavas hav ing >8 wt. % MgO (an hy drous).



A de creas ing al kali con cen tra tion with an in creas ing
de gree of sil ica sat u ra tion is a geo chem i cal char ac ter is tic
that per sists from the ba salt ar ray to the most prim i tive
lavas of the Anahim vol ca nic belt, and sug gests that a sim i -
lar pro cess gov erns their geo chem is try (Fig ure 5). As with
the Chil cotin sub set, this greater trend can not be ex plained
by any rea son able frac tion ation as sem blage, or by par tial
melt ing of an an hy drous peridotite source. In com pat i ble
mi nor and trace el e ments also dis play colinearity, the fur -
ther sug ges tion of a com mon pro cess (Fig ure 6). With this
in mind, the or i gins of the most Si-undersaturated mem bers
of the spec trum may shed light on the nature of the process
responsible for this geochemical trend.

GENERATION OF HIGHLY
UNDERSATURATED MAFIC ALKALINE
MAGMA

Strongly Si-undersaturated mag mas such as ol iv ine
nephe lin ite and basanite have been at trib uted to a va ri ety of
pro cesses, in clud ing low-de gree melts of peridotite, melt -
ing of Si-poor gar net pyroxenite and melt ing of am phi bole
in metasomatized man tle (e.g., Fran cis and Ludden, 1995;
Kogiso et al., 2003; Pilet et al., 2008).

Ex per i men tal work has dem on strated that low-de gree
par tial melts of an hy drous peridotite can pro duce strongly
Si-undersaturated liq uids at el e vated pres sures (Hirose and
Kushiro, 1993). Par tial melt ing trends for an hy drous
peridotite com po si tions, how ever, can nei ther rep li cate the
Ca/Al ra tios of highly undersaturated magma, nor the pos i -
tive slope of Ca/Al in the ol iv ine nephe lin ite-al kali ol iv ine
ba salt ar ray (Fran cis and Ludden, 1995). In ad di tion, such
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Fig ure 5. Plot of Na+K ver sus Si show ing Itcha Range, Nazko cone 
and Chil cotin Group lavas with >8 wt. % MgO.
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Fig ure 6. a) Plot of P ver sus Ti, show ing Anahim vol ca nic belt
lavas and Chil cotin Group bas alts. Dataset as in Fig ure 5. b) Plot of 
Nb ver sus Zr. Dataset shows only Chil cotin and Itcha data be cause 
pub lished Nazko data lacks trace el e ments.

Fig ure 4. Plot of K ver sus Mg, show ing Chil cotin Group bas alts
hav ing >8 wt. % MgO (an hy drous). The lo ca tions of com mon an hy -
drous min er als are also shown. Ab bre vi a tions: Fe-Ti, mag ne tite-il -
men ite; Ol, ol iv ine; Pl, plagioclase; Px, pyroxene; Sp, spinel. Data
from Bevier (1983).



source com po si tions can not re pro duce the el e vated Ti con -
tent of al ka line magma in gen eral (Pilet et al., 2008). Sil ica-
de fi cient gar net pyroxenite has been sug gested as the
source of undersaturated magma, in part be cause of their el -
e vated Ti con tents. Be low pres sures of at least 50 kbar
(~150 km depth), how ever, par tial melts of such com po si -
tions do not re pro duce the el e vated K con cen tra tions of al -
ka line magma (Pilet et al., 2008). Ex per i men tal in ves ti ga -
tions of the melt ing be hav iour of am phi bole at up per
man tle con di tions re veal that it melts in con gru ently to form
clinopyroxene+spinel±ol iv ine+liq uid at pres sures be low
15 kbar, and to form clinopyroxene+gar net+liq uid at pres -
sures above 15–20 kbar (Olafsson and Eggler, 1983). Ex -
per i men tal liq uids are highly undersaturated, with
nephelinitic com po si tions (Pilet et al., 2008). Fran cis and
Ludden (1995) of fer com pel ling ev i dence that the ol iv ine
nephe lin ite–basanite tran si tion in the north ern Cor dil lera
cor re sponds to the ex haus tion of am phi bole in the source
re gion. Ex per i men tal work by Pilet et al. (2008) shows that
this model also ex plains the trace-el e ment pat terns of
basanitic lava. As such, the melting of amphibole appears
to best explain the major- and trace-element systematics of
highly undersaturated mafic alkaline lava.

PETROGENESIS

While there is com pel ling ev i dence for the role of am -
phi bole in the gen er a tion of nephelinitic to basanitic
magma,  i t  r e  mains  to  be  seen  how such  h igh ly
undersaturated com po si tions are re lated to the al kali ol iv -
ine bas alts of the Anahim vol ca nic belt and the Chil cotin
Group. It has been sug gested that the basanite-al kali ol iv ine 
ba salt spec trum rep re sents the two-step melt ing of a het er o -
ge neous am phi bole-bear ing man tle as sem blage, whereby
ini tial am phi bole-de rived melts are pro gres sively di luted
with peridotite-de rived ba salt (Wilkinson, 1991; Fran cis
and Ludden, 1995). More re cently, it has been pro posed
that the spec trum largely re flects equil i bra tion be tween am -
phi bole-de rived melts and subsolidus peridotite (Pilet et
al., 2008). The sil ica con tent of pri mary melts is largely in -
sen si tive to the de gree of par tial melt ing and source com po -
si tion, and in stead is con trolled by the pres sure at which
melt ing oc curs (Hirose and Kushiro, 1993). Nephelinitic
liq uids pro duced by the melt ing of am phi bole are out of
equi lib rium with sur round ing peridotite at pres sures be low
those at which nephelinitic melts would be gen er ated from
an hy drous peridotite (>50 kbar; ex trap o lated from data of
Hirose and Kushiro, 1993). At pres sures within the spinel
sta bil ity field, nephelinitic liq uids will es sen tially leach sil -
ica from orthopyroxene by trans form ing it into ol iv ine and
thereby in creas ing the Si con tent of the liq uid to bring it
into equi lib rium with the sur round ing man tle (Lundstrom
et al., 2000). Ex per i ments show that this re ac tion oc curs on
ex per i men tal timescales (Olafsson and Eggler, 1983; Pilet
et al., 2008). An im por tant as pect of this re ac tion is that,
given that the max i mum pres sure at which am phi bole is sta -
ble in the man tle is ~30 kbar (Wallace and Green, 1991),
strongly Si-undersaturated melts derived from amphibole
must avoid equilibration with the surrounding mantle
peridotite if they are to reach the surface unmodified.

If the compositional spec trum re flects the sim ple ad di -
tion of sil ica to an orig i nally nephelinitic melt, as re quired
by the re ac tion with orthopyroxene to pro duce ol iv ine, then 
it is to be ex pected that el e ment ra tios, such as K/Na and
Mg#, should re main un changed as the Si con tent in creases.

For K/Na at least, this is not the case (Fig ure 7). The K/Na
be hav iour of the basanite–al kali ol iv ine ba salt (AOB) ar ray 
in di cates a pro gres sive di lu tion of K by Na, most likely
caused by the melt ing of clinopyroxene, sug gest ing that
some de gree of peridotite (or pyroxenite) par tial melt ing
has taken place. Like wise, the Na+K–Si and Ti-Si sys tem -
at ics of the basanite–AOB ar ray can not be ex plained by the
ad di tion of sil ica to nephe lin ite or basanite, but rather ap -
pear to re flect the di lu tion of nephe lin ite or basanite with
rel a tively low-pres sure (10–15 kbar) peridotite melts (Fig -
ure 8). The most suit able ba saltic end mem bers are near-
solidus melts produced under hydrous conditions.

The ba salt di lu tion model, how ever, has a ma jor flaw:
no ‘stan dard’ peridotite com po si tion is ca pa ble of pro duc -
ing an end-mem ber melt with the ob served Fe con tents
(Fig ure 8c). The Mg# does not change sig nif i cantly from
nephe lin ite to Si-sat u rated ba salt; in the di lu tion model,
there ought to be a grad ual in crease in Mg# with in creas ing
Si (Fig ure 8d). Per haps co in ci den tally, the al ka line ar ray
clus ters along a tie join ing nephe lin ite with pure sil ica.
Fran cis (1995) has shown that prim i tive intraplate lavas
world wide ap pear to re quire a source that is richer in Fe
than the man tle source of mid-ocean ridge and subduction-
re lated ba salt. There fore, ei ther the man tle that is fur nish -
ing the Si-sat u rated end mem ber is sig nif i cantly richer in Fe 
than is in di cated by Cordilleran peridotite xe no liths (e.g.,
Nicholls et al., 1982), or there is a de coup ling of com pat i ble 
and in com pat i ble el e ments such that in com pat i ble el e -
ments re flect di lu tion of the am phi bole-de rived melt with
hy drous peridotite melts, while compatible elements reflect 
the reaction of nephelinitic melts with orthopyroxene.

This view pro vides an al ter na tive ex pla na tion for why
the Chil cotin Group bas alts can not be re lated by frac tion -
ation pro cesses: their com po si tions may be un mod i fied by
any crys tal frac tion ation pro cesses, and may in stead be
con trolled ei ther by di lu tion, by the ad di tion of sil ica or
both. The ques tion nat u rally arises as to why there are no
highly undersaturated com po si tions re ported from the
Chil cotin Group. This sug gests that ei ther the Chil cotin
Group ba salt source re gion had a low am phi bole:peridotite
melt ra tio, or that am phi bole-de rived melts equil i brated
with the sur round ing peridotite at shal low depths. Con -
versely, the highly undersaturated AVB lavas must come
from a source rich in am phi bole, and must have trav elled to
the sur face rap idly enough to avoid equil i bra tion to higher
sil ica con cen tra tions.

TECTONIC IMPLICATIONS

Neo gene to Qua ter nary vol ca nism along the length of
the Cor dil lera ap pears to be con trolled by plate bound ary
in ter ac tions be tween the North Amer i can Plate and its out -
board oce anic coun ter parts (Thorkelson and Tay lor, 1989;
Ed wards and Rus sell, 2000). Paleosubduction mod els sug -
gest that a spread ing ridge flanked by the Kula and Farallon
plates be gan to subduct be neath the North Amer i can Plate
dur ing the Late Cre ta ceous, since which time a slab win -
dow has de vel oped be neath vir tu ally the en tire north ern
Ca na dian Cor dil lera (Fig ure 9; Thorkelson and Tay lor,
1989). The Kula Plate has been com pletely subducted,
while the Juan de Fuca and Ex plorer plates are all that is left
of the Farallon Plate. A south ern slab win dow formed dur -
ing the Mio cene, when the Farallon-Pa cific Ridge
subducted, and un der lies much of the Ba sin-and-Range
Prov ince of the south west ern United States (Thorkelson
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and Tay lor, 1989). For the past 5 Ma, vol ca nism in the Ba -
sin-and-Range Prov ince has been dom i nantly Si-
undersaturated (Fitton et al., 1991). The spa tial and tem po -
ral co in ci dence of alkaline magmatism and slab windows is
therefore highly suggestive.

Be cause of its lin ear ex pres sion, the Anahim vol ca nic
belt has been vari ably in ter preted as the prod uct of a man tle
plume, a prop a gat ing rift and a slab win dow-re lated edge-
ef fect (e.g., Bevier et al., 1979). Its spa tial co in ci dence with 
the south ern edge of the Cordilleran slab win dow makes the 
lat ter in ter pre ta tion at trac tive (Fig ure 9). The trend of the
Anahim vol ca nic belt does, how ever, par al lel the pro jected
trend of the Yel low stone plume track (Johnston and
Thorkelson, 2000), im ply ing that the Anahim trend is con -
sis tent with the North Amer i can Plate’s mo tion over a
steady-state hotspot. The Chil cotin Group has been in ter -
preted as an ensialic backarc ba sin, form ing be hind the
Pem ber ton and Gar i baldi vol ca nic belts as a re sult of
subduction of the Juan de Fuca Plate be neath North Amer -
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Fig ure 8. a) Plot of Na+K ver sus Si. b) Plot of Ti ver sus Si. c) Plot of Fe ver sus Si. d) Plot of Mg# ver sus Si (Mg# =
100*Mg/(Mg+FeT)), with solid ar rows show ing trends ex pected from the di lu tion of nephe lin ite with peridotite melts, and by
the ad di tion of sil ica to nephe lin ite. Dataset as in Fig ure 5, with ol iv ine nephe lin ite from Fran cis and Ludden (1995). Par tial
melts of spinel lherzolite at 10 kb also shown: solid green square, HK-66 (Hirose and Kushiro, 1993); open blue square with
cross, KLB-1 (Hirose and Kushiro, 1993); open red square with x, KLB-1 hy drous (Hirose and Kawamoto, 1995). Dashed
tie lines link ol iv ine nephe lin ite and basanite with pure sil ica (100Si), in di cat ing a Si-ad di tion trend.

Si cations
Fig ure 7. Plot of K/Na ver sus Si. Dataset as in Fig ure 5.



ica (Souther, 1977; Bevier, 1983). Thorkelson and Tay lor
(1989) sug gest that, like the Anahim vol ca nic belt, the Chil -
cotin Group is also re lated to slab win dow edge-ef fects, al -
though it is dif fi cult to ex plain why the bas alts should ex -
tend so far south of the projected slab window.

Be cause of the slope of the am phi bole-out curve in P-T
space, am phi bole melt ing can not be in duced di rectly by de -
com pres sion, and re quires a ther mal per tur ba tion to drive
the am bi ent man tle tem per a ture out of the am phi bole sta bil -
ity field (Fig ure 10). This can be ac com plished by the
upwelling of ‘nor mal’ asthenospheric man tle, with out
need ing to in fer the ex is tence of an an oma lously hot plume. 
In the Anahim vol ca nic belt, this upwelling is most likely
gen er ated by per tur ba tion in the asthenosphere due to the
foun der ing of the Farallon plate edge. The sys tem atic age
pro gres sion along the belt would then re flect the mi gra tion
of this per tur ba tion with con tin ued subduction. If the in ter -
pre ta tion of the Chil cotin Group as hav ing formed in a
backarc set ting is cor rect, then fric tional drag of the man tle
wedge by the subducting Juan de Fuca Plate may cre ate a
mi nor con vec tion cell in which the Chil cotin Group melt
was pro duced above the upwelling arm. In ei ther case, hot
upwelling asthenospheric man tle co mes into con tact with
am phi bole-bear ing lithospheric man tle, and in the course
of ther mal re-equil i bra tion, the am phi bole melts,
generating nephelinitic to basanitic liquids and hydrous
fluids (Figure 10).

CONCLUSIONS

Neo gene al ka line vol ca nism in the cen tral in te rior of
BC re quires a het er o ge neous man tle source. The be hav iour
of in com pat i ble el e ments such as K and Ti are best ex -
plained by vary ing con cen tra tions of am phi bole in the
source re gions of al ka line lava. Highly undersaturated al -
ka line com po si tions, such as nephe lin ite and basanite, ap -
pear to rep re sent the spec trum of in con gru ent melts of am -
phi bole (Fran cis and Ludden, 1995; Pilet et al., 2008). The
co her ent geo chem i cal be hav iour of prim i tive lavas rang ing 
in com po si tion from basanite to quartz-nor ma tive ba salt in
the Anahim vol ca nic belt and the Chil cotin Group sug gests
that a com mon pro cess con trols this compositional ar ray.
In com pat i ble el e ment be hav iour seems to re quire the di lu -
tion of am phi bole-de rived nephe lin ite and basanite with
hy drous peridotite melts. Com pat i ble el e ments, by con -
trast, sug gest the re ac tion of nephe lin ite and basanite with
orthopyroxene in or der to at tain equi lib rium with man tle
peridotite. The rea son for the dis con nec tion between
compatible and incompatible element behaviour is unclear; 
an avenue for future work.

The break down of am phi bole in the lithospheric man -
tle re quires a ther mal push. In the case of the Chil cotin
Group bas alts, this is most likely ac com plished by ex ten -
sion and asthenospheric upwelling due to subduction-in -
duced con vec tion in the man tle wedge. In the case of the
Anahim vol ca nic belt, this may be a re sult of astheno -
spheric upwelling caused by the sink ing of the Farallon
Plate edge, as sug gested by Thorkelson and Taylor (1989).
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Fig ure 10. Pres sure-tem per a ture phase di a gram for the crust and
up per man tle be neath cen tral BC. Crustal geotherm, crust-man tle
bound ary and litho sphere-asthenosphere bound ary from Harder
and Rus sell (2006). Dry and wa ter-sat u rated peridotite solidi and
am phi bole sta bil ity field adapted from Fran cis and Ludden (1995).
Adiabat gra di ent as sumed to be 1.2°C/kbar. The red ar row shows
the ther mal ef fect of upwelling asthenospheric man tle im ping ing
on cooler am phi bole-bear ing lithospheric man tle. Ab bre vi a tions:
Moho, Mohorovicic dis con ti nu ity; L/A, litho sphere-asthenosphere
bound ary.
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Fig ure 9. West ern North Amer ica, show ing the ap prox i mate lo ca -
tions of slab win dows at 20 Ma and at pres ent, with re spect to Neo -
gene al ka line prov inces men tioned in the text. Pro jected slab win -
dows are from Ed wards and Rus sell (2000) and Thorkelson and
Tay lor (1989).



manu script, al though we ab solve him of any as so ci a tion
with the views of al ka line magmatism expressed herein.
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Quaternary Geology and Till Geochemistry of the Redstone and Loomis
Lake Map Areas, Central British Columbia (NTS 093B/04, 05)

by T. Ferbey, K.J. Vickers, T.J.O. Hietava1 and S.C. Nicholson2

KEYWORDS: geo chem is try, surficial ge ol ogy, Qua ter nary
ge ol ogy, drift ex plo ra tion, till geo chem i cal sur vey

INTRODUCTION

This pa per sum ma rizes Qua ter nary ge ol ogy map ping
and till geo chem is try stud ies con ducted as part of the re -
gional min eral po ten tial as sess ment of the Redstone and
Loomis Lake map ar eas (NTS 093B/04, 05; Fig ure 1). This
study was ini ti ated to com ple ment an on go ing re gional
bed rock map ping pro gram and min eral po ten tial as sess -
ment be ing con ducted in NTS 093C/01, 08 and 09 (Mihal -
ynuk et al., 2008a, b), and a pre vi ous surficial map ping and
till geo chem i cal sur vey in NTS 093C/01, 08, 09 and 16
(Giles and Kerr, 1993; Proudfoot, 1993; Lett et al., 2006).
His toric gold and sil ver pros pects (e.g., Chili pros pect,
MINFILE 093C 015; MINFILE, 2008; Clisbako pros pect,
MINFILE 093C 015), as well as newly dis cov ered cop per
(e.g., Punky, Orovain, Vam pire and Gumbo) and gold and
sil ver show ings (e.g., Pyro, Mihalynuk et al., 2008a, b), oc -
cur within Me so zoic to Eocene vol ca nic rocks ad join ing
the study area. These strata are thought to ex tend into the
study area but an ex ten sive cover of gla cial drift makes this
spec u la tive. As a re sult, and de spite its min eral po ten tial,
the study area has been over looked and con sid ered a fron -
tier area by the min eral ex plo ra tion com mu nity. There are
no known metallic mineral occurrences within the study
area and there is no staked ground.

The ob jec tives of this study are to
· char ac ter ize and de lin eate the Qua ter nary ma te ri als

that oc cur in NTS 093B/04 and 05 and es tab lish the re -
gional ice-flow history; and

· as sess the min eral po ten tial of cov ered bed rock
(subcrop) us ing a till geo chem is try survey.

The goal of this study is to pro vide the min eral ex plo ra -
tion com mu nity with new, high-qual ity, re gional-scale,
geo chem i cal data, which will help guide ex plo ra tion ef forts 
in this drift-cov ered area. In te grat ing in ter pre ta tions of
these data with other his toric geo log i cal and geo chem i cal
data col lected by the Brit ish Co lum bia Geo log i cal Sur vey
(BCGS), Geo log i cal Sur vey of Can ada (GSC) and
Geoscience BC pro vides a new ex plo ra tion tool. The study
area falls within the moun tain pine bee tle in fes ta tion zone,

which has been a fo cus of pro vin cial and fed eral eco nomic
di ver si fi ca tion ini tia tives. It is hoped that data from this
study will con trib ute to long-term economic diversification 
from increased mineral exploration.

LOCATION AND PHYSIOGRAPHY

Dur ing the 2008 field sea son, de tailed sedimen -
tological, gla cial his tory and till geo chem i cal stud ies were
con ducted in Redstone and Loomis Lake (NTS 093B/04,
05; Fig ure 1). The area is lo cated ap prox i mately 150 km
west of Wil liams Lake, Brit ish Co lum bia, within the Fra ser
Pla teau, a sub di vi sion of the In te rior Pla teau phys io graphic
re gion (Hol land, 1976). The area can be de scribed as flat to
gently roll ing with a rel a tively undissected up land (Fig -
ure 2). An ex cep tion to this are the broad val leys of the
Chil cotin River and its larger trib u tar ies (e.g., Chilanko and 
Chilko rivers), which are in cised be low the pla teau sur face
(Tip per, 1971). The sub dued pla teau to pog ra phy is largely
at trib uted to the subhorizontal, Late Oligocene to Pleis to -
cene Chil cotin Group ba salt flows thought to un der lie it.
Mantling these basalt flows is a sequence of glacial drift.

Val ley set tings have thick se quences of Qua ter nary,
and lo cally pre–L ate Wisconsinan, sed i ments while the up -
land or pla teau sur face is dom i nated by till. At 1377 m asl,
Mount Alexis is the high est, named el e va tion in the area.
North of Temapho Lake, the pla teau sur face rises to over
1500 m asl in a se ries of un named peaks and ridges (Fig -
ure 2). For the most part, bed rock out crop is lim ited to
higher el e va tions, melt wa ter chan nel flanks, and re cent
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scarps that de fine the larger Chilanko, Chil cotin and Chilko 
river valleys.

Home steads and cat tle ranches char ac ter ize the study
area. Redstone (pop u la tion 500), lo cated south of Punti
Lake on the north bank of Chilanko River, is the larg est es -
tab lished com mu nity. The south ern por tion of the study
area is tra versed by High way 20 and the re main der is ac ces -
si ble us ing an ex ten sive net work of Forest Service roads.

BEDROCK GEOLOGY

The bed rock ge ol ogy was first de scribed by Tip per
(1959). This work was com piled by Massey et al. (2005)
and re cently stud ied in greater de tail lo cally by Ferri and
Rid dell (2006) and Rid dell and Ferri (2008) as part of an as -
sess ment of oil and gas po ten tial of the Nechako Ba sin. Ad -
ja cent to the study area, an on go ing re gional bed rock map -
ping and min eral po ten tial as sess ment in NTS 093C/01, 08
and 09 has yielded new oc cur rences of me tal lic min er al iza -
tion (Mihalynuk et al., 2008a, 2009).

The main geo log i cal sub di vi sions found in the study
area, as sum ma rized from Tip per (1959), Diakow et al.
(1997) and Massey et al. (2005), are as fol lows. The study is 
sit u ated within the Stikine terrane, close to its east ern con -
tact with the Cache Creek terrane (Mon ger et al., 1991).
The old est rocks are found in the wes tern most por tion of
NTS 093B/04 and be long to the Early to Mid dle Ju ras sic
Hazelton Group. Lo cally, they are com posed of an de site
and ba salt with re lated tuff, brec cia and volcaniclastic de -
pos its, which re sulted from subaerial and sub ma rine vol ca -
nism. Sub ma rine sed i men tary rocks, as so ci ated with ac tiv -
ity in an is land arc, are also lo cally pres ent. These are all
over lain by a sed i men tary suc ces sion of flu vial con glom er -
ate, sand stone and siltstone from the Early and Late Cre ta -
ceous Skeena Group. These rocks are lo cally ex posed in the 
Chilko River val ley, south and southwest of Sisters Hills,
and northwest of Temapho Lake.

Subduction-re lated arc vol ca nism re sumed within the
Stikine terrane in the Late Cre ta ceous, chang ing to a con ti -
nent mar gin set ting with subaerial vol ca nism in the
Paleogene. Paleogene as sem blages in clude the Ootsa Lake
and Endako groups. Eocene vol ca nic de pos its of the Ootsa
Lake Group are wide spread at Sis ters Hills, and un der lie

top o graph i cally higher ter rain in much of the north ern por -
tion of NTS 093B/05. They con sist of a di verse suc ces sion,
rang ing from rhy o lite to ba salt, and were mapped in de tail
to the west by Mihalynuk et al. (2008a, b). They in clude
ma roon-brown ba salt flows and brec cia, acicular
hornblende dacite flows, ma roon and grey flow-banded
rhy o lite, and vit re ous black dacite. In NTS 093C, con glom -
er ate is lo cally found ly ing at the base of the Ootsa Lake
Group, un con form ably overlying the older Jurassic
Hazelton Group.

Within the study area, Eocene to Oligocene vol ca nic
rocks of the Endako Group un con form ably over lie the
Ootsa Lake Group. They oc cupy higher ground in the
north ern por tion of NTS 093B/05 and to the north east of
Sis ters Hills. They con sist mainly of in clined, mas sive to
crudely strat i fied an de site to ba saltic an de site flows. Al -
though the flows can in clude ve sic u lar and amyg da loid al
va ri et ies, char ac ter is ti cally they are dense, black and
aphanitic.

The youn gest rock unit con sists of ba salt flows and as -
so ci ated volcaniclastic rocks that un con form ably over lie
older rock units and are cor re lated with the Late Oligocene
to Pleis to cene Chil cotin Group. These rocks con sists of dis -
tinctly lay ered, subhorizontal, rel a tively thin flows, com -
monly with col on nades as so ci ated with shield-like vol ca -
nic cen tres, in ter preted to oc cur north of the study area
(Mihalynuk et al., 2008a). When com pared to other ba salt
within the study area, they dif fer and are dark brown to
grey, highly vesiculated, and con tain un al tered pheno crysts 
of ol iv ine and feld spar. Fine-grained, less vesiculated va ri -
et ies have a felted grey-brown texture.

Geo log i cal maps by Tip per (1959) and Massey et al.
(2005) show that up wards of 70% of the study area is un -
der lain by ba salt of the Chil cotin Group. Al though the ar eal
ex tent of these rocks within the Nechako Pla teau is cer -
tainly sig nif i cant, re cent work by Mihalynuk et al. (2008a,
b, 2009) and An drews and Rus sell (2007) dem on strated
that this cover may not be as wide spread or thick as orig i -
nally thought. This is pos i tive for min eral ex plo ra tion and
drift pros pect ing, as these re cent stud ies re port sig nif i cant
thick ness vari a tions and even win dows through Chil cotin
Group flow se quences ex pos ing older more prospective
basement units.

Mas sive gran ite oc cu pies the south west cor ner of NTS
093B/04. It is in ter preted to be part of an in tru sive body
mapped by Tip per (1969) and Mihalynuk et al. (2009) to
the west. Mihalynuk et al. (2008a, b, 2009) re ported pos i -
tive cor re la tion be tween in tru sive bod ies and in tru sion-
hosted veins with cop per min er al iza tion. As this is the only
in tru sive body within the study area, a higher den sity of till
sam ples was col lected down-ice, to the north east, in or der
to in ves ti gate a po ten tial association with mineralization.

Mineral Occurrences

There are no known me tal lic min eral oc cur rences
within the study area. To the west, how ever, his toric gold
and sil ver pros pects are known within the east ern por tion of 
NTS 093C (e.g., Chili, MINFILE 093C 011; Chil cotin
River East and West, MINFILE 093C 013 and 093C 014;
Baez,  MINFILE 093C 015; Clisbako,  MINFILE
093C 016), as well as newly dis cov ered cop per (e.g., Pun -
ky, Orovain, Vam pire and Gumbo) and gold and sil ver
show ings (e.g., Pyro). Lett et al. (2006) and Mihalynuk et
al. (2008a) pro vided sum ma ries of these occurrences.
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Fig ure 2. View of study area look ing south to wards Mount Alexis
(cen tre of the back ground), cen tral Brit ish Co lum bia. Note the flat
to gently roll ing to pog ra phy in fore ground and higher peaks and
ridges in back ground.



QUATERNARY GEOLOGY

The Qua ter nary ge ol ogy of the study area was first de -
scribed by Tip per (1971) in a gla cial fea tures map at a
1:250 000 scale. The BC Min is try of En vi ron ment, Lands
and Parks (1976a, b) pro duced 1:50 000 scale soils and
land forms maps for NTS 093B/04 and 05. Other Qua ter -
nary geo log i cal stud ies have been con ducted in the re gion
in ar eas ad ja cent to NTS 093B (Fig ure 1; e.g., Giles and
Kerr, 1993; Proudfoot, 1993; Levson and Giles, 1997;
Mate and Levson, 1999; Mate and Levson, 2000; Plouffe
and Levson, 2001). The fol low ing is a sum mary of data col -
lected during the 2008 field season.

Surficial Geology

De tailed sedimentological and strati graphic de scrip -
tions were con ducted at 266 sta tions within the study area
(Fig ure 3). These sta tions were se lected with the ob jec tive
of gain ing a better un der stand ing of Qua ter nary pro cesses
dur ing the Late Wisconsinan and of the area’s gla cial his -
tory. Most Qua ter nary ex po sures were the re sult of
logging-re lated ac tiv ity (e.g., roadcuts and bor row and
gravel pits) but also in cluded nat u ral ex po sures (e.g., sides
of val leys and melt wa ter chan nels, tree throws) and hand-
dug soil pits. Ex po sures ranged from a few to sev eral tens of 
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Fig ure 3. Lo ca tion of field sta tions and till sam ples within the study area, cen tral Brit ish Co lum bia.



metres in height. In the case of hand-dug soil pits, depth
only occasionally exceeded 1 m below surface.

PRE-LATE WISCONSINAN

Ex posed in a 12 m ver ti cal sec tion are the old est sed i -
ments to oc cur in the study area (Fig ure 3). Pre lim i nary data 
in di cate that this is a 6.8 m thick se quence of pre–Late
Wisconsinan strat i fied sand, gravel and tephra (Fig ure 4).
These pre–Late Wisconsinan sed i ments are unconformably 
over lain by 2.2 m of basal till and 3.0 m of glaciofluvial
gravel de pos ited dur ing full gla cial and retreat-phase con -
di tions, re spec tively, of the Late Wisconsinan Fra ser gla ci -
ation. The thick crossbedded sand and gravel suc ces sion
that oc curs in the lower por tion of the sec tion is
lithologically dis tinct from the gravel that over lies the Late
Wisconsinan basal till as the suc ces sion ap pears to be de -
void of in tru sive clasts. A 30 to 50 cm thick, grey ho ri zon of
silt-sized ma te rial of pos si ble vol ca nic or i gin sep a rates the
lower sand and gravel from a 2.5 m thick unit of
interbedded buff to white tuff and ox i dized and indurated
silt. The tuff is rhyolitic, with bi o tite and feld spar crys tals
up to 1.0 mm across. The 40 to 60 cm thick indurated and
ox i dized silt ho ri zons that sep a rate tuff lay ers could be
weakly de vel oped paleosols. This ex po sure, and an other
ex po sure lo cated 5 km to the east on High way 20, is be -
lieved to be the first ob ser va tion of pre–L ate Wisconsinan
sed i ments in the area. More detailed work is required to
confirm these interpretations.

LATE WISCONSINAN GLACIAL SEDIMENTS

The dom i nant surficial ma te rial found in the study area 
is diamict. Based on phys i cal char ac ter is tics such as ma trix
tex ture and pro por tion, modal clast size and clast shape,
and sur face ex pres sion, the sed i ments are di vided into two
ge net i cally sep a rate units. The first, and likely dom i nant in
terms of ar eal ex tent, is a grey, sand-rich, grav elly diamict.
In this diamict, char ac ter is tics such as ver ti cal joint ing,
subhorizontal fissility and com pac tion or over-con sol i da -
tion are lack ing. Clast shape is com monly subangular to
subrounded and modal clast size is small peb ble but ranges
from gran ule to large peb ble. The unit is clast rich com -
pared to the sec ond diamict de scribed be low and the pro -
por tion of ma trix is typ i cally 55 to 75%. Near sur face (in
the up per 1 to 2 m), this ma trix can be ox i dized and clasts, in 
par tic u lar in tru sive rock types, can be weath ered. The

lower con tact of this diamict, ob served in only a few lo cal i -
ties, is gradational down ward into a grey, silt-rich,
overconsolidated diamict (de scribed be low). Min i mum
thickness is ~1 m and ranges up to several metres in some
areas.

The sur face ex pres sion of this sand-rich, grav elly
diamict, as ob served in ae rial pho to graphs and in the field,
is dis tinc tive. The up per sur face is typ i cally un du lat ing to
hummocky and com monly has peb ble to boul der-sized
clasts sit ting at sur face (Fig ure 5). The phys i cal and
geomorphological char ac ter is tics are con sis tent with till of
en gla cial or supraglacial or i gin. The trans port his tory of
this till fa cies can be com plex and this un cer tainty pre -
cluded sam pling for till geo chem is try. Win dows through
this fa cies to an un der ly ing silt-rich, overconsolidated
diamict are oc ca sion ally found. This un der ly ing ma te rial is
an ideal sam ple me dium for a till geochemical survey and is
described below.

The un der ly ing silt-rich, overconsolidated diamict is
grey and is the other com monly oc cur ring diamict within
the study area. This diamict is mas sive; ver ti cal joint ing and 
subhorizontal fissility are lo cally well de vel oped (Fig -
ure 6). Ma trix pro por tion ranges from 65 to 85%. Modal
clast size is small peb ble and ranges from gran ule to large
peb ble. Clast shape is typ i cally subangular to subrounded
but lo cally, down-ice from larger river val leys, there can be
a con cen tra tion of rounded, subdiscoidal to spher i cal clasts
and a more sandy tex tured ma trix. These clasts are in ter -
preted to have been in cor po rated by the Cordilleran Ice
Sheet as it moved across existing valley fills.

This diamict can oc cur at sur face or un der lie the en gla -
cial or supraglacial till unit de scribed above. Its sur face ex -
pres sion is also dis tinc tive. The mor phol ogy of the up per
sur face is vari able and can be roll ing or ridged (e.g., in the
case of fluted, drumlinized or crag-and-tail ter rain) or a
more sub tle vari a tion of the bed rock sur face it blan kets. At
some sites, this basal till di rectly over lies grooved and stri -
ated Chil cotin Group ba salt flows. The tex ture, pri mary
struc tures and de gree of con sol i da tion of this unit are con -
sis tent with those of subglacially de rived diamict
(Dreimanis, 1989) and this unit is interpreted as basal till.
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Fig ure 4. Pre-Late Wisconsinan se quence of sand, gravel and
tephra, near Redstone, Brit ish Co lum bia. The over ly ing Late Wis -
consinan Fra ser gla ci ation basal till is shown with an as ter isk (*).

Fig ure 5. Hummocky, en gla cial or supraglacial till, cen tral Brit ish
Co lum bia.



LATE WISCONSINAN RETREAT-PHASE
SEDIMENTS

Late-gla  c ia l  ice-mar ginal  and  re  t reat -phase
glaciofluvial sand and gravel com monly oc cur, within and
ad ja cent to melt wa ter chan nels, as ter race and outwash de -
pos its in the larger Chilanko, Chil cotin and Chilko river
val leys. Melt wa ter chan nels can be iso lated fea tures a few
metres across and tens of metres long, or can be com plex
kilo metre-scale melt wa ter chan nel sys tems com posed of
mul ti ple trib u tary chan nels. The most prom i nent is lo cated
in the east ern por tion of NTS 093B/05 and hosts the Alexis
and Nazko lakes sys tem. Surficial ma te ri als in these sys -
tems range from mod er ately well-sorted, silty sand to cob -
ble gravel. Tip per (1971) pro posed that this melt wa ter
chan nel sys tem was the out let for a Late Wisconsinan gla -
cial lake that oc cu pied the Chil cotin River val ley, a prod uct
of damm ing of the Chil cotin River at its con flu ence with the 
Fra ser River by a late-gla cial re advance of ice from the
Cariboo Moun tains to the west across the Fra ser Pla teau.
Based on the el e va tion of the drain age di vide that sep a rates
the mod ern-day Nazko River wa ter shed from that of Chil -
cotin River, a minimum upper elevation for this glacial lake
is 1047 m asl.

Glaciolacustrine sed i ment as so ci ated with this ice-
dammed lake dom i nates the larger river val leys such as
Chilanko, Chil cotin and Chilko, and many of their trib u tar -
ies (Fig ure 7). The sed i ment is typ i cally par al lel-lam i nated
and bed ded silt and fine sand. Near lake mar gins, the silt
and fine sand are interbedded with coarse sand, and rip ples
and cross-strat i fi ca tion are com mon. They are com monly
deeply gullied and can be as so ci ated with val ley-side,
mass-wast ing de pos its. The jux ta po si tion of large-scale
esker sys tems in the bot tom of Chil cotin River val ley, up -
stream of the con flu ence of Chil cotin and Chilanko rivers,
and in the bot tom of Chilko River val ley, up stream of the
con flu ence with Chil cotin River, against these glacio -
lacustrine sed i ments is both im pres sive and a cu ri os ity as
they dem on strate a con trast in depositional en vi ron ments.
These esker sys tems are com posed of sand and pebble- to
cob ble-sized gravel ridges up to 50 m high and 2 km long.
They are free of any fine-grained glaciolac us trine sed i -
ments. Their oc cur rence sug gests that large stag nant ice

masses were sit ting at least lo cally in the Chilcotin River
and upper Chilko valleys while they were flooded.

HOLOCENE DEPOSITS

Gla cial units are typ i cally capped on steeper val ley
slopes by col lu vial de pos its. The par ent ma te rial of these
de pos its can be pre-ex ist ing gla cial sed i ment or Chil cotin
Group ba salt flows that have moved downslope from bed -
rock scarps that rim larger val leys (e.g., Chilanko, Chil -
cotin, Chilko val leys). His toric mass-wast ing de pos its can
be clearly seen in ae rial pho to graphs while on go ing trans -
lational dis place ment of Chil cotin Group ba salt blocks can
be ob served on the ground. Ho lo cene or ganic de pos its in
the study area are typ i cally found bor der ing small lakes or
floor ing some of the larger glaciofluvial meltwater
channels and channel systems.

Ice-Flow History

The study area was cov ered by the Cordilleran Ice
Sheet dur ing the Late Wisconsinan Fra ser gla ci ation (Tip -
per, 1971). The oc cur rence of crag-and-tail fea tures on
higher ground within the north  and south east parts of NTS
093B/04 (>1330 m asl) and 093B/05 (>1400 m asl), and the
north east-ta per ing drift tail of an un named peak in the
south west part of 093B/04 (Fig ure 8), pro vide a min i mum
el e va tion for this ice of ap prox i mately 1500 m asl. The con -
sis tent ori en ta tion of these landform-scale fea tures with
striations, grooves and other drum lins and flut ings at lower
el e va tion shows that ice move ment through the study area
was rel a tively un af fected by to pog ra phy dur ing the gla cial
max i mum (Fig ure 9). A mi nor de flec tion can be ob served
when com par ing ice-flow in di ca tors oc cur ring in the south -
west to those in the north west and north, a re sult of the in -
ter ac tion of north east-flow ing ice from the Coast Moun -
tains with west ward-flow ing ice from the Cariboo
Moun tains. The con flu ence and turn ing of these two ice
flows oc curred dur ing the Late Wisconsinan gla cial max i -
mum to the east of this map area, near the Fraser River
valley (Tipper, 1971).

Both bidirectional (e.g., flute) and uni di rec tional (e.g.,
drum lin, crag-and-tail) landform-scale, ice-flow in di ca -
tors, in var i ous top o graphic set tings, can be ob served in ae -
rial pho to graphs and on the ground. In both cases, the fea -
tures (Fig ure 9) trend 035° (in the north west and north) to
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Fig ure 7. View of glaciolacustrine se quence in Chil cotin River val -
ley, cen tral Brit ish Co lum bia.

Fig ure 6. Silt-rich, overconsolidated diamict (in ter preted to be
basal till), cen tral Brit ish Co lum bia. Note well-de vel oped joint ing
and subhorizontal fissility. The ma roon hue is at trib uted to the col -
our of its source rock, Ootsa Lake Group vol ca nic rocks that oc cur
up-ice of this ex po sure.



055° (in the south west). The pres er va tion and def i ni tion of
these fea tures can vary; ex cel lent ex am ples can be ob -
served where top o graphic fea tures are ori ented per pen dic -
u lar to re gional ice flow. For ex am ple, on the east side of the 
up per Chil cotin River val ley (up stream of its con flu ence
with Chilanko River), clear, well-de fined drum lins and
crag-and-tail fea tures up to 60 m across can be ob served in
the val ley bot tom for 850 m up the val ley side onto the pla -
teau sur face. Ex cel lent ex am ples of crag-and-tail fea tures
oc cur on much of the higher ground in the vi cin ity of Sis ters 
Hills. Smaller, out crop-scale fea tures such as striations and
grooves are rare. These, and out crop-scale roches
moutonnées, con sis tently trend 048 to 052° (Fig ure 9). The
ori en ta tions of ice-flow in di ca tors ob served as part of this
study are in gen eral agree ment with ar eas to the west in
NTS 093C (Giles and Kerr, 1993; Proudfoot, 1993; Lett et
al., 2006; Mihalynuk et al., 2008a, b) and with data and in -
ter pre ta tions pre sented by Tip per (1971).

The prox im ity of the study area to ac cu mu la tion cen -
tres such as the Coast and Cariboo moun tains re sulted in a
com plex late-gla cial and deglacial his tory. To the west, a
late-gla cial re advance was iden ti fied by Tip per (1971),
Giles and Kerr (1993) and Proudfoot (1993) and named the
Ahahim Lake ad vance. Piedmont lobes, fed by val ley gla -
ciers orig i nat ing in the Coast Moun tains to the west, flowed 
onto the Fra ser Pla teau and fanned out to the north, east and
south east. Based on dif fer en tial ice-flow di rec tions and the
oc cur rence of pit ted and kettled ter rain, a limit of this ad -
vance has been placed within the east ern por tions of NTS
093C (Tip per, 1971; Giles and Kerr, 1993; Proudfoot,
1993). A sim i lar re advance is thought to have oc curred east
of the study area. There, ice ad vanced west out of the
Cariboo Moun tains and fanned out onto the Fra ser Pla teau.
Lat eral over flow chan nels and in ter sec tions of drum lin oid
forms as so ci ated with this re advance, and those as so ci ated
with the north east erly flow of the Cordilleran Ice Sheet dur -
ing the Late Wisconsinan gla cial max i mum, in di cate that
this re advance crossed and ex tended up to 30 km west of the 
Fra ser River val ley (Tip per, 1971). It has also been pro -
posed that a late-gla cial ad vance, named the Kleena
Kleene, oc curred down Kleena Kleene, Tatlayoko, Tatla
and Chilko val leys. Along the Tatla Lake val ley, an el e va -
tion limit of approximately 1200 m asl has been suggested
for this advance (Tipper, 1971).

Deglaciation was dom i nated by thin ning and
downwasting of ice masses (cf. Fulton, 1991). This re sulted 
in higher ground be ing ex posed first, leav ing val leys
choked with stag nant ice. Hummocky till, glaciofluvial de -
pos its and eskers (in val ley set tings and on the pla teau sur -
face) are ev i dence in sup port of this in ter pre ta tion. In the
north ern part of the study area, these deglacial fea tures are
likely re lated to the Cordilleran Ice Sheet dur ing the wan ing 
stages of the Fra ser gla ci ation. In the south ern por tions of
the study area, how ever, it is un clear whether they are re -
lated to re treat of the Cordilleran Ice Sheet or to the later
Kleena Kleene re advance. The oc cur rence of lat eral melt -
wa ter chan nels and a rare re ces sional mo raine (Fig ure 10)
sug gest that there was some mi nor com po nent of marginal
retreat during deglaciation.

TILL GEOCHEMICAL SURVEYS

Till geo chem i cal sur veys have not been con ducted
within the study area. Till sam ples were col lected, how ever, 
within NTS 093C/01, 08, 09 and 16 to as sess the min eral

po ten tial of these ar eas (Giles and Kerr, 1993; Proudfoot,
1993; Lett et al., 2006). Plouffe and Ballantyne (1994),
Plouffe (1997) and Plouffe et al. (2001) con ducted till geo -
chem is try sur veys to the north and south of the study area.
To the north of the study area, in the Fawnie Creek map area 
(093F/03), Cook et al. (1995) con ducted a com par a tive
study on the abil ity of re gional lake sed i ment and till geo -
chem is try sur veys to iden tify known min eral oc cur rences.
In this study, till iden ti fied all seven known pros pects in the
study area with >95th per cen tile el e ment con cen tra tions.
Nine of eleven po ten tial new geo chem i cal pros pects pre -
sented in the study were also iden ti fied with till sam ples,
which had >95th percentile concentrations of multiple
elements.

Sample Media

Basal till, a first de riv a tive of bed rock (Shilts, 1993), is
trans ported in a rel a tively lin ear fash ion par al lel to ice-flow 
di rec tion, down-ice from its bed rock source. The con trast
be tween el e vated and back ground geo chem i cal val ues is
clear and the area rep re sented by till sam ples with el e vated
val ues can be areally more ex ten sive than that of their bed -
rock source. The geo chem i cal pat terns found in basal till
pro duce a re gional sig na ture that is in con trast to re sid ual
soils and bed rock-de rived col lu vium, which typ i cally re -
flect more lo cal geo chem i cal vari a tions in bed rock
(Levson, 2001). The rel a tively sim ple trans port his tory of
basal till makes it an ef fec tive tool for trac ing el e vated geo -
chem i cal val ues back to their bed rock source. In the Ca na -
dian Cor dil lera, the ef fi ciency of con duct ing a till geo -
chem is try sur vey, and the qual ity of geo chem i cal
in ter pre ta tions, are largely de pend ent on ap pro pri ate sam -
ple ma te rial, access and the detail to which the region’s
Quaternary and ice-flow history can be determined.

While con duct ing a till geo chem is try pro gram, it is im -
per a tive that the sam ple me dium is cor rectly iden ti fied.
This en sures con sis tency be tween sam ple sites and un der -
stand ing of the or i gin and mode of sed i ment trans port and
de po si tion (Levson, 2001). To this end, sedimentological
data, such as tex ture, col our, thick ness, pri mary and sec -
ond ary struc tures, den sity, ma trix per cent age, clast mode,
shape and pres ence of striae, were col lected at each site in
or der to en sure the proper dis crim i na tion of basal till from
other sed i ment types such as col lu vium, de bris flows and
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Fig ure 8. View of an un named peak in the south west of NTS
093B/04 (look ing north-north west), cen tral Brit ish Co lum bia. Note
the drift tail of this crag-and-tail that ta pers to wards the north east.



glaciolacustrine diamict. As well, at each sam ple site, notes
were made of type of ex po sure sam pled, ter rain map unit,
sam ple site geo mor phol ogy (e.g., top o graphic po si tion, as -
pect, slope, drain age), stra tig ra phy, and type and thick ness
of soil ho ri zons pres ent. This in for ma tion can be crit i cal
when in ter pret ing re sul tant geo chem i cal data. Clasts in till
were ex am ined in de tail at most sites; data such as li thol ogy, 
an gu lar ity, size, pres ence of striae, and oc cur rence of min -
er al iza tion were re corded. From these data, inferences on
clast provenance were made and allow insight into local,
covered bedrock units.

For this study, ma jor, mi nor and trace-el e ment geo -
chem i cal anal y ses of till will be con ducted on the silt- plus
clay-sized (<0.063 mm) and the clay-sized (<0.002 mm)
frac tions. Tra di tion ally, the silt- plus clay-sized (<0.063 mm) 
frac tion is most com monly used as it can be sep a rated
quickly and cost ef fec tively (Levson, 2001). For this study,
the clay-sized (<0.002 mm) frac tion in basal till will also be
an a lyzed as the con trast be tween el e vated and back ground
el e ment con cen tra tions can be higher. This con trast is due
to the ten dency of some base met als (more spe cif i cally,
chalcophile el e ments such as cop per, zinc and lead) to con -
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Fig ure 9. Sum mary of ice-flow in di ca tors ob served as part of this study, cen tral Brit ish Co lum bia. Ar eas
of hummocky till (en gla cial or supraglacial or i gin) are shown in yel low (adapted from Tip per, 1971).



cen trate in this frac tion due to the high cat ion ex change ca -
pac ity of clay-sized par ti cles (Nikkarinen et al.,1984;
Shilts, 1984, 1995; DiLabio, 1995).

Heavy min eral sep a ra tions are planned for the
medium- to very coarse-grained sand (0.25–2.0 mm) frac -
tion, while gold grain counts will be con ducted on the very
coarse-grained sand frac tion and smaller (<2.0 mm). Gold
grains in till, based on their mor phol ogy and abun dance,
can pro vide in sight into trans port his tory and gen e sis.
These data can also pro vide in sight into the gen e sis of
source rocks through iden ti fi ca tion and anal y sis of heavy
min eral as sem blages (Averill, 2001).

Sample Types

As part of this study, 117 basal till sam ples (2–3 kg)
were col lected for ma jor, mi nor and trace-el e ment geo -
chem i cal anal y ses, while 38 basal till sam ples (10–15 kg)
were col lected for anal y sis of heavy min eral con cen trates
and for gold grain counts. Sam ple sites were se lected to op -
ti mize spa tial cov er age, tak ing into ac count ice-flow di rec -
tion and avail abil ity of ap pro pri ate sam ple ma te rial. The
av er age till sam ple den sity for the sur vey is one sam ple per
15 km2. This is lower than other re gional-scale till geo -
chem is try sur veys con ducted in cen tral Brit ish Co lum bia,
which had sam ple den si ties of ap prox i mately one sam ple
per 5 to 10 km2. The lower den sity is mainly due to the ab -
sence of ap pro pri ate sam ple me dia in the study area and to
lim ited ac cess (e.g., de ac ti vated For est Ser vice roads, pri -
vate land or lack of roads). Till sam ples were col lected
mainly from roadcuts but also from soil pits and gul lies.
Av er age sampling depth was 100 cm below surface but
ranged from 45 to 510 cm.

Laboratory Methods

Till sam ples col lected for ma jor, mi nor and trace-
element anal y ses are be ing sieved, 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 the Geo log i cal Sur vey of Can ada’s
Sedimentology Lab o ra tory (Ot tawa, ON), fol low ing pro -
ce dures out lined by Gi rard et al. (2004). 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 grav ity tabling and heavy
liquid separation techniques.

For 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-sized (<0.063 mm) and clay-sized (<0.002 mm)
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 (<0.063 mm) 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 by Acme Analytical Laboratories
Limited (Van cou ver).

Also as part of this pro ject, a split of the silt- plus clay-
sized (<0.063 mm) frac tion 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 Ac ti va tion Lab o ra to ries Lim ited (Ancaster, ON). 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 mi cros -
copy (SEM) anal y ses on dif fi cult-to-iden tify heavy min -
eral grains, and peb ble counts may be con ducted at a later
date on these con cen trates. Mi nor and trace-el e ment con -
cen tra tions, as well as the abun dance of heavy min er als and
gold grains, will be used to assess whether the additional
analyses are warranted.

In each block of 20 sam ples sub mit ted for ma jor, mi nor 
and trace-el e ment anal y ses, 16 are rou tine field sam ples.
The re main ing four sam ples are qual ity con trol mea sures,
uti lized in both the sam ple col lec tion and sam ple anal y sis
com po nents of the study, to dif fer en ti ate true geo chem i cal
trends from those that re flect ran dom and sys tem atic sam -
pling or an a lyt i cal er rors. Qual ity con trol mea sures in clude
the use of field du pli cates, analytical duplicates and control
standards.

IMPLICATIONS FOR MINERAL
EXPLORATION

The sin gle big gest chal lenge in as sess ing the area’s
min eral po ten tial is the cover of englacially or supra -
glacially de rived till, which is not a fa vour able sam ple me -
dium for a till geo chem i cal sur vey. The qual ity of geo chem -
i cal de ter mi na tions, and the in ter pre ta tions that fol low, are
en tirely de pend ent on the qual ity of field sam ple se lec tion.
Al though chal leng ing, till geo chem i cal sur veys can be suc -
cess fully com pleted in ar eas with the phys io graphic and
geo log i cal char ac ter is tics en coun tered in NTS 093B/04
and 05. An ini tial re view of ex ist ing surficial ge ol ogy map
data and ae rial pho to graphs can help iden tify most likely
till oc cur rences, such as where roll ing or ridged till oc curs
(e.g., fluted, drumlinized or crag-and-tail ter rain), or where
thin till con forms to an un der ly ing bed rock sur face. Melt -
wa ter chan nels, even those sur rounded by glaciofluvial
sed i ments or hummocky till, should be in ves ti gated as they
can ex pose un der ly ing basal till units on their flanks. Ar eas
with hummocky till can of fer win dows through this ma te -
rial into an underlying basal till. Investigating these areas,
however, remains a secondary priority.

In ter pre ta tion of gla cial his tory can be a chal lenge in
ar eas with sim i lar phys io graphic and geo log i cal char ac ter -
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Fig ure 10. North west-trending re ces sional mo raine, a gla cial fea -
ture not com monly ob served on the Nechako Pla teau, cen tral Brit -
ish Co lum bia. View is to wards the south east.



is tics. For this study, the stream lined landform re cord is rel -
a tively well pre served and pro vides a re li able in di ca tion of
ice-flow di rec tion dur ing the Fra ser gla ci ation max i mum.
Smaller-scale fea tures, such as grooves, striations or rat
tails which pro vide in sight into lo cal vari a tion of ice flow,
how ever, are rare. Al though not part of this study, till fab ric
anal y ses can pro vide in sight into ice-flow his tory when
other data are lack ing. Be cause till fab ric anal y sis is time
con sum ing and may not be con clu sive, how ever, these
analyses should be conducted as a lower priority.

It is worth con sid er ing a mul ti me dia ap proach to geo -
chem i cal sam pling in ar eas where basal till is not ex ten sive. 
Raw geo chem i cal data from dif fer ent sam ple me dia (e.g.,
till, col lu vium or bed rock) can not be com bined for in ter -
pre ta tion. In te gra tion of in ter pre ta tions of dif fer ent sam ple
me dia, how ever, is rec om mended. Lo cal, bed rock-de rived
col lu vium could be sam pled, as could lo cally de rived col lu -
vium whose par ent ma te rial can be con fi dently iden ti fied as 
basal till. Stream sediment sampling could also be
considered.

SUMMARY AND FUTURE WORK

Dur ing the Late Wisconsinan gla cial max i mum, the
Cordilleran Ice Sheet moved north east across the study
area, de pos it ing a silt-rich, overconsolidated, basal till.
Fluted, drumlinized and crag-and-tail ter rain is com mon
where top o graphic fea tures such as val ley sides and peaks
or ridges are ori ented per pen dic u lar to the re gional ice-flow 
di rec tion. There is good agree ment be tween ice-flow in di -
ca tors in val ley set tings, on the pla teau sur face, and in the
higher ground in the south and east ern por tions of the study
area, in di cat ing that ice flowed gen er ally unaffected by
topography.

The late-gla cial his tory ap pears to be com plex and re -
advan ces from the Coast Moun tains, and fur ther to the east
out of the Cariboo Moun tains, have left their mark. The
dom i nant ma te rial type is an en gla cial or supraglacial till. It
is un clear whether this grav elly and hummocky till is de -
rived from the stag na tion and downwasting of Late
Wisconsinan Cordilleran Ice Sheet or at least in part re lated
to the east and north east ward late-gla cial re advance of gla -
ciers from the Coast Moun tains. Hummocky glaciofluvial
de pos its and eskers (lo cated in val leys and on the pla teau)
pro vide ev i dence for ice-stag na tion. In con trast to this, a
rare re ces sional mo raine in the north west por tion of the
study area sug gests that ice-mar ginal re treat oc curred at
least lo cally. A thick se quence of silt com monly oc curs in
the Chilanko, Chil cotin and Chilko river val leys. These
were de pos ited in an ice-dammed lake fol low ing a late-
glacial re advance of ice from the Cariboo Moun tains west
across the Fra ser Pla teau, which dammed Chilcotin River at 
its confluence with Fraser River.

The dom i nance of a grav elly, en gla cial or supraglacial
till pres ents a chal lenge to till geo chem is try as sess ment and
the eval u a tion of bed rock min eral po ten tial. This till fa cies
is not ap pro pri ate for a till geo chem i cal sur vey, and as a re -
sult the to tal num ber of till sam ples col lected and re sul tant
sam ple den sity are less than ideal. A silt-rich, over-
consolidated, jointed and fis sile basal till (the sam ple me -
dium of choice) oc curs at sur face within the study area and
in win dows through the grav elly till unit. Sam ples of this
fa cies were col lected for ma jor, mi nor and trace-element
anal y ses and for heavy min eral sep a ra tions and gold grain
counts. At the time of writ ing, geo chem i cal de ter mi na tions

and heavy min eral sep a ra tions were in prog ress. These
data, and ac com pa ny ing gla cial fea tures and surficial
geology maps, are planned for release as soon as available
in 2009.
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Geology and Mineral Occurrences of the Quesnel River Map Area,
central British Columbia (NTS 093B/16)

by J.M. Logan and D.P. Moynihan1

KEYWORDS: Quesnel River, Quesnel terrane, Cache
Creek terrane, Me so zoic cop per-gold metallogeny, Nicola
Group stra tig ra phy, Dragon Lake lime stone, alkalic Cu-Au
por phyry min er al iza tion, cop per, gold

INTRODUCTION

Re gional map ping in the Quesnel area was ini ti ated by
the Brit ish Co lum bia Geo log i cal Sur vey in 2006 and con -
tin ued in 2008 as part of a multiyear pro gram de signed to
study and pro mote ex plo ra tion of BC por phyry de pos its in
Quesnellia. The 2007–2008 field work was a con tin u a tion
of re gional map ping and min eral de pos its stud ies ini ti ated
in the area around Mount Polley (Lo gan and Mihalynuk,
2005; Lo gan et al., 2007a, b), and ex tended cov er age north-
west ward to the area north and east of Quesnel. The 2008
pro ject area cov ers the 1:50 000 scale Quesnel River map
area (NTS 093B/16; Fig ure 1) and ties in with 1:50 000
scale map ping car ried out last year in the Cot ton wood
River map area (Logan, 2008) to the north.

The pro ject ob jec tives are to
· de ter mine the arc his tory and tec ton ics of the Quesnel

terrane to un der stand the evo lu tion of magmatism and
por phyry min er al iza tion over the life of the arc (ca.
230–185 Ma); and

· up date the min eral po ten tial knowl edge base of the
area.

The Quesnel River map area is bounded on the west by
the Fra ser fault sys tem and bi sected di ag o nally from north -
west to south east by the Pinchi fault sys tem, which marks
the bound ary be tween the Cache Creek and Quesnel ter -
ranes. West of the Quesnel River, Ju ras sic sed i men tary
rocks, de rived in part from the Quesnel terrane and cor re la -
tive with the Ashcroft For ma tion (Travers, 1978) in south -
ern BC, over lie Cache Creek rocks and mask the terrane
bound ary with Quesnellia. Tri as sic to Ju ras sic vol ca nic and 
plutonic arc rocks and as so ci ated sed i men tary rocks that
form the Quesnel terrane crop out east of the Quesnel River. 
Base ment to the Quesnel terrane in south ern BC is the
Harper Ranch Group (De vo nian–Perm ian arc). Base ment
to the Quesnel terrane in cen tral BC is un known, but late
Early Cam brian lime stone is re ported from a sin gle lo ca -
tion along its west ern mar gin (Struik, 1984). This small iso -
lated ex po sure of recrystallized lime stone, re ported to con -

tain archaeocyathids (52.936°N, 122.355°W), was vis ited
and sam pled, along with Mesozoic limestone occurrences,
during current fieldwork.

REGIONAL GEOLOGY

The study area lies along the east ern mar gin of the
Intermontane Belt close to its bound ary with the Omineca
Belt, in south-cen tral Brit ish Co lum bia (Fig ure 1).

The Quesnel terrane rep re sents an ex ten sive
(>2000 km), west-fac ing, calcalkaline to al ka line, Late Tri -
as sic to Mid dle Ju ras sic arc that de vel oped mar ginal to the
west ern mar gin of North Amer ica (Mortimer, 1987;
Mihalynuk et al., 1994). It is char ac ter ized by Me so zoic arc
vol ca nic and sed i men tary rocks of the Nicola, Takla and
Stuhini groups, and co eval plutonic rocks that in trude and
inflate the sequence.

At the lat i tude of the study area, the Intermontane Belt
is un der lain mainly by Late Pa leo zoic to Early Me so zoic
arc vol ca nic, plutonic and sed i men tary rocks of the Ques -
nel terrane and co eval rocks of the oce anic Cache Creek
terrane. The south ern Quesnel terrane con sists of a
geochemically and iso to pi cally prim i tive, Late Tri as sic to
Early Ju ras sic mag matic-arc com plex that formed above an
east-dip ping subduction zone (Mortimer, 1987). The
Cache Creek terrane, with its Late Tri as sic (Patterson and
Harakal, 1974; Ghent et al., 1996) blueschist-fa cies rocks,
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Fig ure 1. Lo ca tion of the Quesnel River (NTS 093B/16) map area,
marked with a red box. The Quesnel terrane is shown in green, and
the Cache Creek terrane in grey. The lo ca tions of Cu-Au-Ag±PGE
al ka line por phyry de pos its are also shown.
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rep re sents the rem nants of this subduction-accretionary
com plex (Travers, 1978; Mihalynuk et al., 2004).

The chem i cal and fa cies ar chi tec ture of the Nicola
Group rocks re cords an east ward shift in magmatism from
calcalkaline in the fore-arc volcaniclastic-dom i nated suc -
ces sions to alkalic across the arc into back-arc Mid dle to
Late Tri as sic, fine-grained clastic rocks (the black phyllite
unit of Rees, 1987). The east ern bound ary of the Quesnel
terrane is marked by the Eu reka thrust (Struik, 1988), an
east erly-verg ing fault zone in ter preted to have formed dur -
ing ac cre tion of Quesnellia to North Amer ica. The vari ably
sheared mafic and ultra mafic rocks of the Crooked am phi -
bo lite that oc cupy this bound ary are as signed to the Slide
Moun tain terrane, a Late Pa leo zoic mar ginal-ba sin as sem -
blage (Schiarizza, 1989; Roback et al., 1994) of oce anic ba -
salt and chert that sep a rated Quesnellia from North Amer -
ica un til its clo sure, be gin ning in the Late Pa leo zoic
(Klepacki and Wheeler, 1985), and fi nal col lapse in the
Early Ju ras sic (Nixon et al., 1993). The footwall to the Eu -
reka thrust com prises the Pro tero zoic to Pa leo zoic Snow -
shoe Group rocks of the Barkerville subterrane (Struik,
1986), a north ern ex ten sion of the Kootenay terrane (Mon -
ger and Berg, 1984), which are pericratonic and likely rep -
re sent dis tal sed i men ta tion of an ces tral North Amer ica
(Colpron and Price, 1995). By Mid dle Ju ras sic time,
Stikinia had col lided with Quesnellia, re sult ing in de mise
of the Cache Creek subduction zone (173 Ma) and stitch ing
of the bound ary in the north ern Cor dil lera by ca. 172 Ma
plutons (Mihalynuk et al., 2004). At the same time, the
Quesnel terrane, Slide Moun tain terrane, and Barkerville
and Cariboo subterranes were imbricated and thrust
eastward onto the North American craton (Nixon et al.,
1993).

The tec tonic bound ary be tween the Kootenay and
Quesnel ter ranes is in truded by the Cre ta ceous Naver
pluton north of the study area (Struik et al., 1992: Moy ni -
han and Lo gan, 2009). Ter tiary vol ca nic rocks and feeder
dikes of the Eocene Endako Group, Oligocene to Mio cene
sed i men tary rocks and Mio cene flood ba salt of the Chil -
cotin Group are the youn gest rocks in the re gion (Rouse and 
Mathews, 1979; Mathews, 1989).

Quesnel arc magmatism and as so ci ated por phyry min -
er al iza tion mi grated east ward with time, be gin ning in the
west ca. 215–210 Ma with em place ment of plutons and de -
vel op ment of calcalkaline Cu-Mo±Au de pos its at High land 
Val ley and Gi bral tar. New data sug gest that min er al iza tion
at High land Val ley post dates in tru sion of the Guichon
batholith by up to 4 Ma (Ash et al., 2007). To the east, at
Mount Polley in the cen tral axis of the arc, al ka line
magmatism and Cu-Au min er al iza tion took place ca.
205 Ma. A chain of sim i lar de pos its ex tends the length of
the Intermontane Belt (Barr et al., 1976; Fig ure 1). In the
south, they are as so ci ated with the Iron Mask batholith
(Afton, Ajax and Cres cent) and Cop per Moun tain in tru -
sions (Cop per Moun tain, Ingerbelle) and, to the north, with
the Hogem batholith (Kwanika). Up lift and ero sion of the
fore arc pro duced sub-Ju ras sic un con formi ties as
magmatism shifted east and cul mi nated with in tru sion of
calcalkaline com pos ite plutons, con sist ing of quartz
monzodiorite (ca. 202 Ma) and granodiorite (195–193 Ma)
phases (Schiarizza and Macauley, 2007) in the south
(Takomkane, Thuya, Wild Horse and Pennask), and de po -
si tion of volcaniclastic and sed i men tary rocks across the
terrane. Cop per-mo lyb de num min er al iza tion is as so ci ated
with the Takomkane (Woodjam) and Pennask batholiths

(Brenda). A tem po rally un re lated, ca. 183 Ma, synaccre -
t ionary pulse of al ka l ine magmatism and Cu-Au
min er al iza tion is rec og nized at Mount Milligan, 275 km
north west of Mount Polley. Postaccretion plutons in the
cen tral Quesnel belt in clude the Mid dle Ju ras sic (ca.
163 Ma) Quesnel River leucogranite, with its as so ci ated
Cu-Au-Mo min er al iza tion, and the mid-Cre ta ceous (ca.
104 Ma) Bayonne suite of plutons, with associated Mo
mineralization at the Boss Mountain deposit and the
Anticlimax showing.

STRATIGRAPHY

The Quesnel River map area is un der lain by the
Quesnel and Cache Creek ter ranes, two ma jor el e ments of
the Intermontane Belt of the Ca na dian Cor dil lera. The con -
tact is cov ered but in ferred to transect the map area from
north west to south east, fol low ing the ap prox i mate trend of
the Quesnel River. This is based upon pro ject ing Cache
Creek rocks ex posed north of the map area along the Fra ser
River at the con flu ence with the Cot ton wood River (Struik
et al., 1990) to out crops on Beedy Creek, a trib u tary of Bea -
ver Creek (Tip per, 1959, 1978) lo cated south of the area.
Cache Creek base ment has been in ter sected in drill ing east
of Kersley in the south west cor ner of the map area (Sproule
and As so ci ates, 1953). The terrane bound ary is as sumed to
be a steeply dipping linear feature.

The Quesnel terrane com prises two main rock pack -
ages: a Mid dle to Late Tri as sic East ern Sed i men tary suc -
ces sion, con sist ing of the Black pelite and Cot ton wood
River suc ces sions; and the Late Tri as sic West ern Volcani -
clastic suc ces sion, it self con sist ing of the Ma roon
Volcaniclastic and Green Volcaniclastic suc ces sions
(Figures 2, 3).

The Cache Creek terrane is over lain by three main rock 
pack ages: an Early to Mid dle (?) Ju ras sic Dragon Moun tain 
suc ces sion, an Eocene vol ca nic suc ces sion, and Oligocene
to Mio cene sed i men tary rocks (Figure 3).

Un con sol i dated Re cent and gla cial de pos its are thick
and cover the ma jor ity of the map area (Fig ure 2).

Nicola Group

EASTERN SEDIMENTARY SUCCESSION

BLACK PELITE SUC CES SION

Out crops are scarce and var ied north of the Swift River 
in the north east cor ner of the map area. They in clude mas -
sive to well-bed ded pyroxene-phyric volcaniclastic units;
rusty weath er ing, very fine grained, cherty, green and black 
ar gil la ceous rocks; thin, interlayered, si li ceous, mus co vite-
bear ing siltstone and phyllite; and thinly banded cal car e ous 
volcaniclastic rocks. De tri tal quartz and mus co vite in
quartz ite beds im ply a con ti nen tal mar gin rather than a fore-
arc vol ca nic set ting. The north west ern con tin u a tion of the
black, fine-grained, si li ceous and cal car e ous clastic rocks
struc tur ally over lies sheared ser pen tin ite of the Crooked
am phi bo lite in the Cot ton wood map area (Lo gan, 2008).
These fine-grained black clastic rocks are cor re lated with
the Mid dle and Late Tri as sic Black phyllite unit of Rees
(1987). The Black pelite suc ces sion is con sid ered to be
broadly co eval with the east ern volcaniclastic Nicola
Group and may be an east ern back-arc fa cies onto which
arc vol ca nic and volcaniclastic rocks were deposited
(Bloodgood, 1987; Rees, 1987; Panteleyev et al., 1996).
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Fig ure 2. Gen er al ized ge ol ogy of the Quesnel River map area, based on 2008 field work and in ter pre ta tion of air borne geo phys i cal data
(Car son et al., 2006). The map shows the lo ca tion of geo chron ol ogi cal, microfossil and macrofossil sam ples.



Mid dle Tri as sic cono donts have been iden ti fied by M.
Or chard (pers comm, 2008) from lime stone interbedded
with fine-grained volcaniclastic rocks and siltstone of the
East ern Sed i men tary suc ces sion ex posed in the Swift River 
(Figure 3).

COT TON WOOD RIVER SUC CES SION

The Cot ton wood River suc ces sion is dom i nated by
fine-grained, vol ca nic-de rived clastic sed i men tary rocks
that are best ex posed along the length of the Cot ton wood
River in NTS 093G/01 (Lo gan, 2008). It forms a con tin u -
ous belt ex tend ing south from the Naver pluton, through
and be yond the cur rent map area, and has sim i lar i ties with
the Gavin Lake suc ces sion in the Mount Polley area (Logan 
and Bath, 2006).

In the Quesnel River map area, the Cot ton wood River
suc ces sion is dom i nated by thin, wavy-lam i nated, cryp tic-
bed ded, grey, green, buff and black cherty argillite, vol ca -
nic siltstone, slate and grey or buff lime stone that form a
belt of rocks ap prox i mately 9 km wide be tween the 500
Road and the Swift River (Fig ures 2, 3). The suc ces sion
con sists mainly of dark, rusty-weath er ing cherty argillite
and fine-grained, par al lel-lam i nated vol ca nic siltstone.
Bed ding is dif fi cult to rec og nize in out crop, spe cif i cally in
the mas sive, conchoidally frac tured si li ceous argillite.
Well-bed ded in ter vals of green- or or ange-weath er ing, nor -

mally graded crys tal and lithic sand stone and rare
con glom er atic beds are found through out the belt. An other
dis tinc tive unit rec og nized along the length of the belt is
thickly bed ded to mas sive, green vol ca nic sand stone char -
ac ter ized by centi metre-scale, an gu lar rip-up clasts of grey
cherty argillite. In ad di tion, centi metre-thick grey lime -
stone beds oc cur interlayered with the cherty argillite se -
quence or rarely as thicker, buff-col oured silty lime stone
interbedded with the phyllite. Rel a tively mi nor amounts of
dark green, coarse, pyroxene-phyric volcaniclastic units
oc cur interbedded with other sedimentary rocks along the
eastern margin of the belt.

In a se ries of out crops close to the east ern bound ary of
the Cot ton River suc ces sion, an intraclastic mélange-type
fab ric is vis i ble on highly weath ered sur faces. Clasts of rel -
a tively in tact rock are wrapped by a ma trix fab ric that is de -
fined by compositional lay er ing and con tains nu mer ous
tight-iso cli nal folds. As these fab rics have highly vari able
ori en ta tions and cleav age is not vis i ble in the out crops, this
de for ma tion prob a bly oc curred be fore full lithification of
the rock. These tex tures are only vis i ble on highly weath -
ered sur faces; else where, the rock ap pears mas sive. Bed -
ding was not iden ti fied in this area, and the full ex tent and
significance of this disrupted zone is not known.

The up per con tact with the West ern Volcaniclastic suc -
ces sion is not well es tab lished but in ferred from the ver ti -
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Fig ure 3. Sche matic strati graphic sec tions for Nicola Group vol ca nic and sed i men tary suc ces sions, the Dragon Moun tain sed i men tary
suc ces sion, and Ter tiary Endako vol ca nic and youn ger sed i men tary rocks in the Swift River, Cantin Creek-Quesnel River, Dragon Moun -
tain and Fra ser River por tions of the Quesnel River map area. Ab bre vi a tions: GVS, Green Volcaniclastic suc ces sion; MVS, Ma roon
Volcaniclastic suc ces sion.



cal-gra di ent aero mag net ic map. Sam ples of lime stone and
cal car e ous black siltstone from the Cot ton wood River suc -
ces sion have been sub mit ted to the Geo log i cal Sur vey of
Can ada micropaleontology laboratory in Vancouver.

WESTERN VOLCANICLASTIC SUCCESSION

The West ern Volcaniclastic suc ces sion of the Nicola
Group forms a north west-trending, 10–12 km wide belt of
sub aque ous and sub or di nate subaerial vol ca nic rocks that
de fines the west ern part of the Quesnel terrane in the Cot -
ton wood River and Quesnel River map ar eas. It ex tends
south east ward into the Mount Polley area, where it oc cu -
pies a me dial po si tion be tween the Black phyllite and
Gavin Lake sed i men tary suc ces sions (Lo gan and Bath,
2006). The pyroxene crys tal–rich sand stone, volcaniclastic 
brec cia and con glom er ate ho ri zons con tain abun dant de tri -
tal mag ne tite and a rel a tively high mag netic sus cep ti bil ity,
which is ev i dent on the air borne mag netic maps. The stra -
tig ra phy of the West ern Volcaniclastic suc ces sion (Bailey,
1989; Lu, 1989) is sim i lar to that de scribed in the Hy drau lic 
map area (Bailey, 1988, Panteleyev et al., 1996; Lo gan and
Mihalynuk, 2005). It com prises pyroxene-phyric ba salt
brec cia, lime stone, heterolithic vol ca nic con glom er ate,
crys tal-lithic sand stone and fine-grained heterolithic
volcaniclastic rocks of Late Tri as sic age (Or chard, 2007b),
and rare quartz-bear ing tuff and tuffaceous sedimentary
rocks of Early Jurassic age (Figures 2, 3).

In the Quesnel  River  map area,  the West  ern
Volcaniclastic suc ces sion is di vis i ble into two age-equiv a -
lent units: the Ma roon Volcaniclastic suc ces sion (MVS) in
the east and the Green Volcaniclastic suc ces sion (GVS) in
the west. Con tact re la tion ships be tween these two and with
the fine clastic rocks of the Cot ton wood River suc ces sion
are not well con strained. Along most of its length, the west -
ern bound ary of the West ern Volcaniclastic suc ces sion is
marked by the Quesnel River fault (Figures 2, 3).

The ma jor ity of out crops in the Ma roon Volcaniclastic
unit con sist of mas sive, green and/or ma roon, pyroxene-
phyric and aphyric ba salt; monomictic ba salt brec cia flows; 
hyaloclastite; and as so ci ated volcaniclastic rocks. Ba salt
flows are ap prox i mately 5 m thick and char ac ter ized by
brecciated mar gins. Flows vary from coarse, crowded
pyroxene por phyry to sparse and aphyric, com monly
highly ve sic u lar va ri et ies. Over ly ing and interbedded with
fine ma roon volcaniclastic ma te rial are fine-grained grey,
green and ma roon argillite and siltstone with dis con tin u ous
decimetre-thick beds of dolomitic lime stone. Late Tri as sic
(Norian) cono donts have been iden ti fied by M. Or chard
(pers comm, 2008) from equiv a lent lime stone ex posed in
the Cot ton wood River, north of Ten Mile Lake (093G/01).
Green and ma roon polymictic vol ca nic and plutonic-dom i -
nated volcaniclastic and con glom er atic units form the up -
per most strata in the belt. They are cha otic to well-sorted,
boul der- to gran ule-size clastic units dom i nated by coarse
pyroxene-phyric ba salt and plagioclase-phyric ba saltic an -
de site. Mi nor amounts of pink-weath er ing por phy ritic
monzonite are also pres ent. Clasts are sup ported by a ma -
trix of coarse lithic and crys tal sand; bed ding is rarely ob -
served (Fig ure 4). Rocks are vari ably green and/or ma roon
and hematitic, sug gest ing marine and subaerial deposition,
and diagenetic and/or metamorphic alteration.

The Green Volcaniclastic suc ces sion is best ex posed in 
the area be tween Dragon Lake and the Quesnel River,
where it ex tends south to the Quesnel River pluton as a 5 km 
wide belt of pyroxene-phyric brec cia; ma roon and green,

pyroxene- and plagioclase-phyric volcaniclastic and mas -
sive polylithic con glom er ate; green tuffaceous rocks; and
lime stone (Fig ures 2, 3). The re la tion ship be tween rock
types is com pli cated by faults and the in tru sion of nu mer -
ous small, Early Ju ras sic, high-level stocks and dikes, in -
clud ing acicular hornblende diorite, plagioclase por phyry
and Mid dle Ju ras sic equigranular gran ite. Nar row dis crete
my lon ite zones cut the in tru sive rocks. Struik (1984) es tab -
lished a stra tig ra phy for the Tri as sic Dragon Lake rocks
that in cluded, from old est to youn gest, con glom er ate,
volcaniclastic greywacke, shale, tuff, lime stone, cal car e -
ous shale and pyroxene-phyric flows. He also dis tin -
guished a Ju ras sic se quence con sist ing of aphyric ba salt,
sand stone, micritic nonfossiliferous lime stone, an de site
and shale. Our re gional-scale map ping did not dis tin guish a 
sep a rate Ju ras sic vol ca nic and sed i men tary se quence. It is
from this area that an iso lated out crop of Early Cam brian
limestone (archaeocyathid-bearing) was reported (Tipper,
1978; Struik, 1984).

Re-ex am i na tion of this lime stone was un der taken af ter 
sam ples col lected in 2005 re turned a sin gle Late Tri as sic
(Early Norian) cono dont iden ti fi ca tion (Or chard, 2007a).
Con tact re la tion ships with the coun try rock are not ex posed 
(Struik, 1984; this study). The lime stone is flanked on the
west and east by pur ple- and pale green–mot tled, phyllitic
volcaniclastic rocks con sist ing of plagioclase and pyroxene 
brec cia, crys tal-rich lapillistone, sand stone and thin-lam i -
nated siltstone beds lo cally char ac ter ized by 0.5–1 mm
black cal cite crys tals. The south ern bound ary is masked by
me dium-grained, weakly trachytic, acicular hornblende
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Fig ure 4. Coarse, pyroxene-phyric, ba salt-dom i nated, cha otic,
ma trix-sup ported boul der and gran ule con glom er ate beds of the
Late Tri as sic West ern Volcaniclastic suc ces sion. Out crop lo cated
mid way be tween Nyland and Benson lakes.



por phyry diorite. The lime stone unit con sists of white-,
grey- and buff-weath er ing, fine phyllitic micrite and yel -
low-weath er ing, me dium- to coarse-grained, cri noid
ossicle–rich grainstone (B. Pratt, pers comm, 2007). The
lat ter con tains nu mer ous spher i cal and el lip ti cal cri noid
stems, a few of which pos sess a cen tral void core or cir cu lar
outer wall with radial partitions. No archaeocyathids are
present.

The up per most stra tig ra phy of the Green Volcani clas -
tic suc ces sion is ex posed around the Hy drau lic Road, east
of Dragon Lake, where it gen er ally fines up ward from
coarse, polymictic vol ca nic con glom er ate and clastic rocks
through lime stone with or with out pyroxene-phyric flows
to dark banded phyllite. The same tri par tite strati graphic re -
la tion ship—pyroxene-phyric volcaniclastic rocks, lime -
stone and dark banded phyllite—that oc curs east of Dragon
Lake is also pres ent at the south ern bound ary of the map
area south of the Quesnel River pluton. Here how ever, the
pyroxene-phyric volcaniclastic rocks are more ex ten sively
recrystallized (Fig ures 5, 6) and the lime stone has been
converted to a marble.

Interbedded with the volcaniclastic rocks along the
Quesnel River are well-sorted, pla nar-lam i nated argillite
and siltstone units and metre-thick cha otic slump de pos its
of sed i men tary- and vol ca nic-de rived ma te rial. These

coarse-grained in ter vals con sist of an gu lar boul der- to
gran ule-size vol ca nic clasts and centi metre-size rip-up
clasts of cherty argillite sup ported within a ma trix of
pyroxene- and plagioclase-rich sand. The grain-flow de -
pos its are dom i nated by clasts of pyroxene-phyric basalt.

At Hallis Lake, the Nicola Group is fossiliferous
(Struik, 1984) and Norian in age; how ever, along strike and
upsection (Hy drau lic and French roads) are sim i lar, fine-
grained black siltstone and phyllite that con tain Sinemurian 
fos sils (Tip per, 1978; Petersen et al., 2004). The up ward
fin ing of volcaniclastic rocks and the pres ence of black,
fine-grained cal car e ous rocks at the top of the Tri as sic GVS 
are sim i lar to lower parts of the Sinemurian phyllite and
siltstone interbedded with vol ca nic con glom er ate of the
Dragon Mountain succession.

Dragon Mountain Succession

A thick (>500 m) pack age of al ter nat ing coarse- and
fine-grained, arc-de rived sed i men tary rocks de fines a
north-ta per ing wedge-shaped area ex tend ing 45 km north
from the Gi bral tar mine to Dragon Lake. The re sis tant,
mas sive, coarse con glom er ate that dom i nates this se quence 
un der lies Dragon Moun tain and the south-trending high -
lands that sep a rate the south ward-flow ing Fra ser River and
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Fig ure 5. Fo li ated and meta mor phosed pyroxene-phyric ba -
salt and lime stone-dom i nated volcaniclastic rocks of the
Green Volcaniclastic suc ces sion, ex posed in the Quesnel
River at the south ern bound ary of the map area.

Fig ure 6. A) Pho to mi cro graph of meta mor phosed mafic
volcaniclastic rocks con tain ing am phi bole,  epidote and
plagioclase; the am phi bole nee dles de fine a min eral lineation
(3 mm field of view). B) This rock forms part of a dis tinc tive, banded 
volcaniclastic unit in the Green Volcaniclastic suc ces sion of the
Nicola Group. Out crop lo cated 7.5 km south west of Nyland Lake.



the north ward-flow ing Quesnel River. Interlayered with
the mas sive to thickly bed ded con glom er ate and form ing
ap prox i mately 40% of the se quence are finer grained silicic 
and cal car e ous sed i men tary rocks. Early work ers in cluded
these sed i men tary rocks in the up per part of the Quesnel
River Group and, from fos sil col lec tions iden ti fied by
H .  F r e b o l d ,  a s  c r i b e d  t h e m  a n  E a r l y  J u  r a s  s i c
(Pliensbachian) age (Tip per, 1978). The Brit ish Co lum bia
dig i tal ge ol ogy map (Massey et al. 2005) cor re lates the
Dragon Moun tain sed i men tary suc ces sion with the
Ashcroft For ma tion of south ern BC. In the type area, the
Ashcroft For ma tion is mainly dark car bo na ceous shale
with mi nor lenses of fine sand stone and thin siltstone, and
con tains fos sils that range in age from Early to Mid dle Ju -
ras sic (Frebold and Tip per, 1969; Travers, 1978). A basal
con glom er ate, sev eral metres thick and con tain ing gra nitic
rocks in a cal car e ous sandy matrix, marks the base of the
unit that nonconformably overlies the Guichon Creek
batholith.

The Dragon Moun tain suc ces sion within the Quesnel
River map area con sists of a two-fold sub di vi sion: a lower
pack age of interlayered black and dark grey phyllite and
light grey siltstone; and an up per pack age of interbedded
polylithic cob ble con glom er ate, sand stone, quartz grit,
siltstone and lime stone. The lower unit is char ac ter ized by
al ter nat ing dark and light, mainly 0.2–1 cm thick lay ers of
phyllite and siltstone that give it a dark banded ap pear ance
in out crop and the field name of ‘Dark banded phyllite’. Si -
li ceous, py ritic and car bo na ceous, and cal car e ous va ri et ies
of siltstone and phyllite lay ers are 0.5–2.0 cm thick and
make up 30% of the out crop. phyllite of ten shows good
crenulations, whereas the siltstone does not.

The up per unit con sists of mas sive con glom er ate, rich
in green and grey polylithic vol ca nic and plutonic clasts,
interbedded with a di verse pack age of finer grained sed i -
men tary rocks that in clude pale grey-cream, par al lel-bed -
ded siltstone and shale; pale green, fine-grained sand stone
and siltstone-shale; white to grey quartz grit; and grey,
green and white lime stone to limy gran ule con glom er ate.
The unit also con tains rare pyroxene-phyric ba salt flows.
The con glom er ate is mas sive to thickly bed ded with mainly 
boul der- to cob ble-size clasts of Nicola Group vol ca nic and 
sed i men tary rocks and as so ci ated in tru sions. Clast types in -
clude coarse pyroxene-phyric ba salt; plagioclase-phyric
and aphyric, epidote-al tered in ter me di ate vol ca nic rocks;
lime stone; hornblende±bi o tite gran ite; quartz-phyric
intrusive rocks; and rare conglomerate (Figure 7).

The con tact re la tion ship be tween the up per and lower
pack ages is be lieved to be depositional be cause sim i lar
strati graphic re la tion ships oc cur in ex plo ra tion di a mond-
drill ing north of the Gi bral tar mine (Bysouth et al., 1995).
There, a flat-ly ing, py ritic black argillite and greywacke se -
quence, at least 130 m thick, forms the basal mem ber of Ju -
ras sic sed i men tary and vol ca nic rocks that un con form ably
(?) over lie penetratively de formed chert and meta vol can ic
rocks of the Cache Creek Group and Late Tri as sic tonalite-
trondhjemite of the Gran ite Moun tain pluton (Bysouth,
1987). This same re la tion ship is pos tu lated for the Quesnel
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Fig ure 7. Rocks of the up per Dragon Moun tain suc ces sion in clude
A) par al lel-lay ered and flaser-bed ded, grey siltstone and buff sand -
stone; B) nor mal-graded, ma trix-sup ported polymictic con glom er -
ate with gran ite, epidote al ter ation, lime stone and vol ca nic clasts in 
a coarse gran ule to sand ma trix; C) de tail of re cy cled vol ca nic con -
glom er ate clast.



River map area, but here the lower con tact is depositional
with Nicola Group volcaniclastic and sedimentary rocks.

Dark banded phyllite (DBP) of the Dragon Moun tain
suc ces sion is faulted against the Mid dle Ju ras sic Quesnel
River pluton and metavolcaniclastic rocks of the Nicola
Group around Gravelle Ferry. The west ern con tact with the
Oligocene to Mio cene sed i men tary rocks is as sumed to be
faulted along a north-trending struc ture (Rouse and
Mathews, 1979) that par al lels the Fraser River.

In prox im ity to the Quesnel River fault, the DBP is cut
by pale green to or ange, Fe-car bon ate–al tered, fine- to me -
dium-grained, pyroxene-por phy ritic monzodiorite dikes.
Dikes vary from centi metres to metres thick. They are al -
tered and de formed to gether with the banded phyllite. Al -
ter ation var ies from weak chlorite-bi o tite to per va sive and
tex tur ally de struc tive Fe-car bon ate–seri cite–quartz. Min -
eral as sem blages in clude chlorite, bi o tite, mus co vite, car -
bon ate, Cr-mica, ser pen tine and py rite. Pyroxene pheno -
crysts (5 mm) are vari ably al tered to hornblende-bi o tite or
en tirely re placed by mus co vite, pro duc ing a dis tinc tive
coarse, muscovite-rich, Fe-carbonate rock.

Petersen et al. (2004) as signed an up per Pliensbachian
(Kunae Zone) age to the dark-banded phyllite unit crop ping 
out along the French Creek Road. Fos sils from the top of
Dragon Moun tain, col lected and re ported on by Struik
(1984), are Late Tri as sic, and a U-Pb zir con age from a clast 
of plagioclase-por phy ritic dacite, col lected from the same
lo ca tion, yielded a Late Tri as sic (214 ±4 Ma) age (Petersen, 
2001; Breit sprecher and Mortensen, 2004). Thin-ban ded
black gra phitic and cal car e ous phyllite and siltstone are ex -
posed in the Quesnel River on the Gillis Ranch, south of
Gravelle Ferry. A col lec tion of aulacoc erids (bel em nites)
from an out crop un der ly ing the dog leg me an der in the river
have been ten ta tively iden ti fied by T. Poulton (pers comm,
2008) as late Tri as sic to Early Ju ras sic in age. Lime stone
sam ples col lected from this same sec tion have been sub mit -
ted to the Geo log i cal Sur vey of Can ada micropaleontology
lab o ra tory in Van cou ver. In ad di tion, poorly pre served
ammonites col lected from the north end of the DBP unit ex -
posed in Schiste Creek have been ten ta tively iden ti fied as
Mid dle Ju ras sic (T.  Poulton,  pers comm, 2008).
Interbedded with black and grey siltstone, argillite and
lime stone are white-weath er ing quartz grit and quartz
wacke. A 20 kg sam ple of the quartz-bear ing grit was col -
lected and sub mit ted to the Pa cific Cen tre for Iso to pic and
Geo chem i cal Re search (PCIGR) lab o ra tory at the Uni ver -
sity of Brit ish Co lum bia (UBC) for de tri tal zir con anal y sis
to de ter mine a max i mum age.

EOCENE ENDAKO GROUP

An Eocene as sem blage of pyroclastic rocks, lava flows 
and lim ited sed i men tary rocks forms the steep bluffs west
of the Fra ser River at Kersley, in the south west ern cor ner of
the map area. At this spot, 300–400 m of vol ca nic stra tig ra -
phy is in cised and well ex posed by Narcosli Creek. Most of
the Eocene lavas in the map area are an de site with lesser ba -
salt (Rouse and Mathews, 1979) and in clude autobreccias,
monomictic and diamictic de bris de pos its that pre dom i nate 
over co her ent flows, tuffs and sed i men tary rocks (Fig -
ure 8). The ma jor ity of the ex po sures in the Narcosli Creek
area con sist of grey-, green- and red-weath er ing,
plagioclase-phyric an de site brec cias; cream-col oured co -
her ent dacite flows; and crys tal tuffs interbedded with
decimetre-thick coarse block to lapilli brec cias of black and 
grey scoriaceous andesitic ba salt. The units trend north -

west erly or south erly with mod er ate east dips. Po lyg o nal
and closely spaced (milli metre-scale) or thogo nal cool ing
frac tures char ac ter ize fine-grained hornblende-bi o tite
dacite units, and hematitic flow brec cias are de vel oped at
the base of metre-thick co her ent grey an de site flows. Pink-
to mauve-weath er ing, grey, plagioclase-phyric an de site
con sists of plagioclase, hornblende and rare bi o tite pheno -
crysts in an aphyric glassy ma trix. Pheno crysts lo cally de -
fine a trachytic flow fab ric. Pheno crysts in clude euhedral
bi modal plagioclase (2 and 10 mm, 15%) and hornblende
(5–7 mm, 10%) in a fine matrix of feldspar and quartz
microlites.

Two ex po sures of well-bed ded, pale-green– to yel low-
weath er ing sand stone, siltstone and con glom er ate dom i -
nated by fel sic vol ca nic clasts un der lie the west ern side of
the map area, 8 km south of Quesnel. The sed i men tary
rocks are poorly con sol i dated and in clude thick-bed ded,
nor mal-graded, me dium-grained sand stone con tain ing
kaolinite-al tered feld spar, quartz, plagioclase and bi o tite
crys tals; fine siltstone and shale; or ganic-rich lig nite ho ri -
zons; and chan nel-cut coarse boul der con glom er ate con -
tain ing shale rip-up clasts and coarse plant ma te rial. It is un -
cer tain whether these two ex po sures rep re sent intraflow
Eocene sed i men tary rocks or are part of the Oligocene Aus -
tra lian Creek Formation or Miocene Fraser Bend
Formation.

East of the Fra ser River, scat tered out crops of flat-ly -
ing ba salt or ba saltic-an de site flows cap the high lands east
of the 500 Road. The lavas com prise mas sive grey, brown
or black co her ent flows interlayered with clastic units of
var ie gated or ange, pink-ma roon, brown and ochre, block to 
lapilli brec cia. They are lo cally co lum nar jointed. The ba -
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Fig ure 8. Coarse, monomictic, hornblende-plagioclase–por -
phy ritic an de site block brec cia forms cliffs west of the Fra ser
River, south of Narcosli Creek. Photo is 1 m across.



salt is aphyric to por phy ritic with plagioclase and pyroxene
pheno crysts; aligned plagioclase pheno crysts lo cally de -
fine a trachytic tex ture. The ba salt is al most al ways ve sic u -
lar and com monly filled with white, grey or chalcedonic
silica or calcite.

These vol ca nic rocks have been dated by K-Ar tech -
niques at 50–44 Ma (49–42 Ma ages of Rouse and Mathews 
[1979] recalibrated us ing new de cay con stants of Dal rym -
ple [1979]). The rocks are age cor re la tive with the
Kamloops Group of south-cen tral BC and the Endako
Group to the northwest.

TERTIARY SEDIMENTARY ROCKS

Early in ves ti ga tions of the Ter tiary rocks in Quesnel
in clude work by Selwyn (1872) and Dawson (1877). Lay
(1939, 1940, 1941) de scribed the stra tig ra phy; Rouse and
Mathews (1979) re fined its no men cla ture and pro vided
palynology and K-Ar age constraints.

In the map area, the Ter tiary sed i men tary rocks oc cupy
a 15 km wide by 50 km long belt along the Fra ser River and
trib u tar ies in the area north and south of Quesnel (Fig ure 2). 
Here, three mid-Ter tiary for ma tions, the Aus tra lian Creek,
Fra ser Bend and Crownite, ap pear to be con fined to a broad
val ley cut in the pre-Ter tiary rocks (Lay, 1940; Rouse and
Mathews, 1979), which par al lels the pres ent Fra ser River.
The Early Oligocene Aus tra lian Creek For ma tion in cludes
lig nite, clay, silt, sand and gravel. The suc ces sion is de -
formed and sep a rated from the Lower to Mid dle Mio cene
Fra ser Bend For ma tion and youn ger units by an an gu lar un -
con formity (Fig ure 3). The Fra ser Bend con sists of flat-ly -
ing, well-sorted gravel and al ter nat ing finer and less well
sorted gravel and silt, clay and seams of lig nite. The over ly -
ing Crownite For ma tion is almost pure diatomite with some 
clay (Figure 3; Hora, 2008).

CHILCOTIN GROUP

Early Mio cene to Pleis to cene ba salt flows and as so ci -
ated pyroclastic and sed i men tary rocks of the Chil cotin
Group cover an area of ap prox i mately 25 000 km2, ex tend -
ing from the Okanagan High land to the Nechako Pla teau
(Mathews, 1989). In the field area, ba salt mapped as Chil -
cotin oc curs as a sin gle, small, iso lated, flat-ly ing ex po sure
cap ping a hill in the north east ern cor ner of the map. The
lava com prises sin gle or mul ti ple co lum nar-jointed flow
units sep a rated by a thin brec cia. Lavas are pri mar ily ol iv -
ine phyric in a fine-grained grey groundmass.

Di at o mite un der lies the ba salt in a con tin u ous belt west 
of the Fra ser River (Rouse and Mathews, 1979; Hora,
2008).

Quaternary Cover

Un con sol i dated Pleis to cene and Re cent sed i ments,
com pris ing deglaciation outwash, lake and drift de pos its,
cover much of the area. These de pos its are lo cally very
thick and bed rock is lim ited to deeply in cised creeks and
rivers, and hill tops. A ma jor north-trending Pleis to cene
val ley, now infilled with youn ger sed i ments, has been doc -
u mented to the east of the pres ent Fra ser River (Fig ure 2;
Rouse and Mathews, 1979).

Gravel and sand eskers and/or drum lins trend north -
west erly, and the di rec tion of gla cial-ice move ment is gen -
er ally in ter preted to have been from south east to north west. 
Over bur den thick ness var ies from 20 to 75 m in the cen tre
of the map to sub stan tially thicker ac cu mu la tions of gla cial

lac us trine de pos its. West of the Fra ser River, the pla teau is
cov ered by a basal till with ir reg u lar patches of gravel.
Drum lins, eskers and striae in di cate gla cial ice movement
was from south to north.

Intrusive Rocks

In tru sive rocks within the Quesnel River map area in -
clude a Late Tri as sic suite (R. Fried man, pers comm, 2006)
of alkalic quartz-undersaturated rocks; an Early Ju ras sic
suite of calcalkalic quartz-sat u rated rocks that forms the
con struc tive pe riod of Quesnel arc magmatism; a Mid dle
Ju ras sic synkinematic suite of calcalkalic magmatism (T.
Ullrich, pers comm, 2006; Lo gan et al., 2007) that co in -
cides with amal gam ation of Quesnellia to North Amer ica;
and an Eocene suite of alkalic mag matic rocks rep re sented
by mafic dikes. A postaccretion suite of Cre ta ceous plutons
in trudes the Quesnel arc north of the cur rent study area
(Struik et al., 1992; T. Ullrich, pers comm, 2006; Lo gan et
al., 2007a) but has not been rec og nized in the Quesnel
River area.

LATE TRIASSIC TO EARLY JURASSIC

The Late Tri as sic to Early Ju ras sic in tru sions are pre -
dom i nantly small, com plex plutonic bod ies dis trib uted in
lin ear trends that closely fol low the re gional struc tural
grain and gross lithological pack ages. Bailey (1989, 1990)
sub di vided the Late Tri as sic and Early Ju ras sic suites on the 
ba sis of com po si tion and tex ture into two groups (7A and
B). Our work and stud ies in the Cot ton wood River map area 
has rec og nized a third suite, described be low (Lo gan,
2008).

Sub unit 7A con sists of pyroxene diorite, monzonite
and syenite with lesser clinopyroxenite, peridotite and gab -
bro, and cor re sponds to Alas kan-type mafic to ultra mafic
plutonic com plexes. Through out BC, these are spa tially
and ge net i cally as so ci ated with Late Tri as sic to Early Ju ras -
sic vol ca nic arc rocks of the Nicola-Takla-Stuhini groups in 
the Quesnel and Stikine ter ranes (Irvine, 1974, Mortimer,
1987; Nixon et al., 1997). Lo cally, these plutonic com -
plexes in trude the West ern Volcaniclastic suc ces sion of the
Nicola Group, have el e vated con cen tra tions of mag ne tite
and cor re spond to mag netic highs on re sid ual to tal mag -
netic field plots. Sim i lar mafic com plexes are pres ent in the
Cot ton wood River map area to the north (Lo gan, 2008) and
far ther south in the Canim Lake area (Schiarizza and
Macauley, 2007). These mafic-ultra mafic com plexes have
ra dio met ric crys tal li za tion and cool ing ages that span the
Early Ju ras sic (Sinemurian to Pliensbachian) from 192 to
183 Ma (Schiarizza and Macauley, 2007; T. Ullrich, pers
comm, 2008).

Cantin Creek Mafic-Ultra mafic Com plex

The Cantin Creek mafic in tru sive com plex is a north -
west-trending com pos ite body that strad dles the up per
reaches of Cantin Creek, north east of the cen tre of the map.
It does not crop out but is de fined by ex plo ra tion per cus -
sion- and di a mond-drill ing (Fox, 1985, 1990; Mac Don ald,
1991). The com plex is con cen tri cally zoned, with a
melanocratic mar gin of com min gling pyroxenite, gab bro
and diorite, and a more fel sic in te rior of monzonite to
syenite. Whether fault ing has dis mem bered a sin gle pluton
or been lo cal ized along the mar gins of two sep a rate bod ies
is un cer tain, but sheared gab bro/pyroxenite and wide fault
zones in ter sected in drill ing in di cate that the com plex has
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un der gone sub stan tial de for ma tion. The fol low ing
lithological de scrip tions are sum ma rized from di a mond-
drill logs sum ma rized in assessment reports (Fox, 1985,
1990; MacDonald, 1991).

Pyroxene gab bro is a me dium- to coarse-grained,
equigranular, melanocratic rock con sist ing of 80%
chloritic mafic min er als dom i nated by ei ther clinopyroxene 
or hornblende, with bi o tite, 20% stubby grey plagioclase
and 2–3% mag ne tite. The pyroxene-bi o tite diorite is a me -
dium-grained, equigranular rock con sist ing of 50% blocky
to lath-shaped white plagioclase, 30% green ish pyroxene
and 10% books and ir reg u lar flakes of bi o tite and mag ne -
tite. Leucocratic, fel sic in tru sive rocks spa tially as so ci ated
with the mafic phases in clude white, stubby, plagio -
clase±bi o tite por phyry and K-feld spar±hornblende
porphyry syenite.

Po tas sium-Feld spar Megacrystic In tru sions

Sub unit 7B of Bailey (1989, 1990) is pri mar ily syenite
in com po si tion and is char ac ter ized by megacrysts of
orthoclase. In the Cot ton wood (NTS 093G/01) and
Quesnel River map ar eas, megacrystic orthoclase syenite
in trudes the sed i men tary Cot ton wood River suc ces sion of
the Nicola Group, has low con cen tra tions of mag ne tite and
is in dis tinct on re sid ual to tal mag netic field plots. A close
spa tial and tem po ral as so ci a tion be tween orthoclase-
megacrystic syenite and Cu-Au min er al iza tion has been
sug gested for the North east zone at Mount Polley (Lo gan et 
al., 2007a), but there the syenite dikes are in trud ing the
main mag matic axis of the arc, which is com posed
primarily of volcanic and volcaniclastic rocks.

In this map area, bril liant white-weath er ing, or ange,
pink and grey syenite in trudes and al ters fine clastic sed i -
men tary rocks of the Cot ton wood River suc ces sion east of
the 500 Road. The in tru sions con sist of north west-elon -
gated bod ies, rang ing from <1 km to 3.2 km in size, of dis -
tinc tive, crowded, megacrystic, orthoclase por phy ritic
syenite that crop out in an area ex tend ing for ap prox i mately 
5 km south east of the 500 Road. The in tru sions are com -
plex, com pris ing equigranular, hornblende quartz syenite
con tain ing sparse (2–3%) megacrysts of orthoclase;
crowded, coarse-grained, orthoclase-megacrystic syenite
con tain ing aligned orthoclase crys tals up to 5 cm in length
that form 80% of the rock; and fine-grained pink syenite.
Apophyses and mar gins to the plugs have chilled tex tures
char ac ter ized by fine-grained green syenite con tain ing rare
bro ken orthoclase megacrysts and par tially di gested xe no -
liths of argillite. Cut ting all phases of the syenite and the
hornfelsed coun try rock are sheeted and stockwork quartz
veins (Fig ure 9). The syenite has low mag netic sus cep ti bil -
ity and there fore no dis tinc tive geo phys i cal sig na ture to
dis tin guish it from the sedimentary rocks on the regional
aeromagnetic maps.

The syenite com prises euhedral, lath-shaped ortho -
clase megacrysts (1.5–3 cm, 50–80%) in a fine to me dium
equigranular groundmass of orthoclase (0.1–1 mm, 10–
25%), plagioclase (1–7 mm, 10%), hornblende (0.2–1 mm,
1–10%), and trace amounts of bi o tite, sphene, ap a tite and
py rite.

Early ex plo ra tion drill ing of the North east zone at
Mount Polley re vealed a close as so ci a tion be tween ore-
grade min er al iza tion and the ap pear ance of K-feld spar–
megacrystic syenite clasts in the brec cias (P. McAndless,
pers comm, 2005). Iso to pic dat ing has sub stan ti ated a close
tem po ral re la tion ship be tween the crys tal li za tion age of the

K-feld spar por phy ritic syenite dikes (U-Pb zir con, 205.1
±0.3 Ma) and the min er al iza tion and al ter ation sys tem
(Ar/Ar bi o tite, 205.2 ±1.2 Ma) at Mount Polley. Sam ples of
the crowded orthoclase-megacrystic por phy ritic syenite
have been col lected and sub mit ted to the PCIGR-UBC lab -
o ra tory for crush ing and heavy min eral sep a ra tion to es tab -
lish if there are suf fi cient zircon or titanite grains to proceed 
with U-Pb dating.

Subvolcanic Plagioclase Por phyry

Grey to white, bi o tite-hornblende-plagioclase por phy -
ritic an de site (?) or subvolcanic quartz monzodiorite por -
phyry crop out in the area east of Dragon Lake (Fig ure 2).
The rocks are coarsely por phy ritic with tab u lar, white
plagioclase pheno crysts <1 cm in di am e ter and no tice ably
finer, acicular hornblende and bi o tite crys tals in a green
apha ni tic ma trix. Quartz com monly forms pheno crysts 1–
4 mm in size that con sti tute up to 5% of the rock.

Brecciated lithic frag ments, crys tal shards and
eutaxitic tex tures in cor re la tive rocks of the Cot ton wood
map area (Jonnes and Lo gan, 2007) in di cate ex tru sive as
well as in tru sive char ac ter is tics for this unit. Hornblende
from the plagioclase crys tal tuff at Mouse Moun tain re -
turned an Early Ju ras sic cool ing age of 192 ±1.3 Ma
(Logan, 2008).
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Fig ure 9. Crowded, orthoclase-megacrystic hornblende syenite
cut by sheeted quartz vein sets; lo cally con tains sparse ga lena and 
po tas sium-al ter ation en ve lopes.



MIDDLE JURASSIC

Quesnel River Pluton

The Quesnel River pluton is ex posed on the north east
side of the Quesnel River and dom i nates the cen tral and
south west ern parts of the map area. It is a 23 km long by
7 km wide, north west-trending com plex granitoid. The
north ern mar gin of the pluton is not ex posed; the north -
west ern con tact, which fol lows the Quesnel River, is
faulted against Late Tri as sic to Early Ju ras sic DBP; and its
south ern con tact in trudes metavolcaniclastic rocks of the
GVS.

The pluton con sists dom i nantly of me dium- to coarse-
grained, equigranular or K-feld spar–megacrystic
hornblende-bi o tite monzogranite. This monzogranite
forms the main core of the pluton. It has gen er ally low mag -
netic sus cep ti bil ity and is man i fested as a large mag netic
low on re gional air borne mag netic maps. Mar ginal phases
to the main monzogranite body are ex posed around the
south ern mar gin of the pluton and in clude gab bro,
pyroxenite, bi o tite diorite, quartz-eye por phy ritic gran ite
and late-stage peg ma tite and aplite dikes. These units are
min er al og i cally and tex tur ally dis tinc tive but not re gion -
ally ex ten sive, and are therefore not shown on the map.

The monzogranite is mainly a leucocratic, pink,
equigranular or sparsely K-feld spar–megacrystic rock.
Grain size ranges from 3 to 7 mm, with 1–5 cm, euhedral,
tab u lar microcline pheno crysts pres ent lo cally. Thin sec -
tions show 30–40% plagioclase, 30–35% microcline
(<10% perthitic microcline megacrysts), 25–30% rounded
quartz, 5–7% bi o tite and 3–5% hornblende. Ac ces sory
min er als in clude sphene, zir con and magnetite.

A 15 kg sam ple of pink hornblende-bi o tite gran ite was
col lected from the south ern end of the Quesnel River pluton 
and dated us ing ther mal ion iza tion mass spec trom e try
(TIMS) and in duc tively cou pled plasma–mass spec trom e -
try (ICP-MS) U-Pb tech niques at the PCIGR-UBC lab o ra -
tory. Zir cons ex tracted from the sam ple yielded a Mid dle
Ju ras sic crys tal li za tion age of 165.6 ±0.3 Ma for the
orthoclase megacrystic phase of the gran ite. A sec ond sam -
ple was col lected from close to the cen tre of the pluton,
where a south east-trending my lon ite zone cuts the
monzogranite. Zir cons from this lo ca tion yielded an age of
158.2 ±0.3 Ma (R. Fried man, pers comm., 2007), thus pro -
vid ing a maximum age for deformation of the pluton.

To fur ther con strain the cool ing his tory of the unit,
hornblende and bi o tite were sep a rated from the gran ite and
an a lyzed us ing Ar/Ar in cre men tal-step heat ing tech niques
at the PCIGR-UBC lab o ra tory. The hornblende data are
com plex and in con clu sive. The hornblende spec trum in di -
cated ex cess ar gon and did not yield an in ter pret able pla -
teau age. An in verse isochron anal y sis on five points gave
an isochron age of 118.6 ±8.8 Ma, with an ini tial 40Ar/36Ar
in ter cept of 802 ±17 Ma. Reanalyses of the hornblende
sam ple pro duced a dif fer ent isochron age (77.62 ±0.5 Ma)
and an ini tial 40Ar/36Ar in ter cept (1599 ±430 Ma) that was
much higher than the first run (T. Ullrich, pers comm,
2007). How ever, the sec ond age does match the bi o tite
isochron age (be low). Bi o tite sep a rated from this same
sam ple gave a well-de fined Ar/Ar pla teau age of 77.62
±0.5 Ma, uti liz ing 74.5% of the 39Ar, and an in verse
isochron age of 77.4 ±0.79 Ma with an ini tial Ar intercept
of 299 ±10 Ma (T. Ullrich, pers comm, 2007).

The mar ginal phases of the pluton are typ i cally more
mafic; they also have higher mag ne tite con tents than the

monzogranite and, as a re sult, con trib ute to the an nu lar
mag netic anom aly that sur rounds the pluton. In ad di tion,
banded mag ne tite-rich rocks form parts of the metavol -
caniclastic se quence ad ja cent to the south ern mar gin of the
Quesnel River pluton. These likely rep re sent meta mor -
phosed,  th in ly  bed ded,  f ine-gra ined cal  car  e  ous
volcaniclastic ho ri zons and must also con trib ute to the
mag netic anom aly sur round ing the main body of the
pluton. Rounded mafic in clu sions of fo li ated pyroxenite,
am phi bo lite, hornblende-bi o tite diorite and par tially di -
gested meta vol can ic rocks are also con cen trated in mar -
ginal zones of the pluton. In these rocks, clinopyroxene is
typically partially or fully replaced by hornblende.

The bi o tite quartz monzodiorite is a me dium- to
coarse-grained mesocratic rock that, in places, con tains
coarse (up to 20 mm) tab u lar pheno crysts of bi o tite. Some
of the large pheno crysts con sist of ag gre gates of bi o tite,
sug gest ing late-stage re place ment of hornblende. The
coarse pheno crysts of bi o tite are ran domly ori ented but
por tray a graphic tex tural inter growth with feld spars and
quartz. Mi nor amounts of 1–2 mm, tab u lar pyroxene crys -
tals oc cur in ter sti tial to the biotite phenocrysts (Figure 10).

One of the youn gest phases of the Mid dle Ju ras sic
mag matic suite is a fine-grained, leucocratic, quartz-eye
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Fig ure 10. Con tact zone be tween coarse, platy bi o tite quartz
monzodiorite (mar ginal phase) and me dium-grained,
equigranular bi o tite monzogranite (main phase) of the
Quesnel River pluton.



por phy ritic gran ite. It oc curs as metre- to decimetre-wide
dikes and stocks cut ting the Quesnel River pluton and
pyroxene volcaniclastic and sed i men tary rocks ex posed
along the Quesnel River at the Kate show ing. The gran ite is
char ac ter is ti cally rusty weath er ing due to finely dis sem i -
nated py rite and vari able quartz–Fe-car bon ate al ter ation;
as a re sult, it has low mag netic sus cep ti bil ity. A di ag nos tic
fea ture is the pres ence of up to 10%, 1–3 mm euhedral
quartz pheno crysts scat tered in di vid u ally or as crys tal ag -
gre gates through out a fine-grained feld spar-plagioclase-
quartz ma trix. Mafic min er als, in clud ing bi o tite (up to sev -
eral per cent) and rare hornblende, are commonly replaced
by sericite, carbonate and pyrite.

A 15 kg sam ple of quartz-por phy ritic gran ite was col -
lected from an out crop ex posed in the Quesnel River at the
Kate show ing, lo cated ap prox i mately 9 km east of Quesnel. 
Zir cons were ex tracted and four sin gle zir con grains an a -
lyzed us ing ther mal ion iza tion mass spec trom e try (TIMS)
U-Pb geo chron ol ogi cal tech niques. The re sult ing
206Pb/238U ages were Late Tri as sic (233.0 and 201.4 Ma),
Early Ju ras sic (182.1 Ma) and Mid dle Ju ras sic (162.4 Ma).
The zir con with the Mid dle Ju ras sic age (162 Ma) was in -
ter preted to be xenocryst free and re flect the crys tal li za tion
age of the gran ite (R. Fried man, pers comm, 2007).
Xenocryst-rich zir cons with 162 Ma rims and pri mar ily
Late Tri as sic cores have been ex tracted from Mid dle Ju ras -
sic quartz-eye porphyry at Gavin Lake (Logan et al.,
2007a).

Fine- to me dium-grained leucocratic bi o tite gran ite
apophyses em a nate from the south ern mar gin of the
Quesnel  River pluton and cross  cut  the  epidote-
amphibolite–facies meta vol can ic coun try rocks at a high
an gle to schistosity. A sam ple of one of these dikes was col -
lected for U-Pb zir con dat ing to con strain the age of pen e -
tra tive fo li a tion. Results are pending.

EOCENE

East-trending bi o tite lam pro phyre dikes cross cut the
metavolcaniclastic rocks and quartz-feld spar-bi o tite por -
phyry in tru sions in the can yon sec tion of the Quesnel River, 
9.5 km east of Quesnel. They are also found in the dark
banded phyllite of the Dragon Moun tain suc ces sion. The
mafic dikes con sist of two va ri et ies, dis tin guished on the
ba sis of bi o tite phenocryst size: a fine-grained va ri ety with
bi o tite crys tals rang ing from <1 to 1 mm and a va ri ety with
coarse euhedral bi o tite books up to 6 mm in length in an
apha ni tic dark groundmass. The dikes are mod er ately to
strongly mag netic and display fine-grained chilled
margins.

Ar gon/ar gon step-heat ing of bi o tite sep a rates from one 
of these dikes re turned a good pla teau age of 51.89
±0.32 Ma, uti liz ing 83.3% of the 39Ar re leased in steps 7
through 11. The in verse isochron so lu tion gave an age of
51.82 ±0.38 Ma, with an ini tial Ar in ter cept of 309 ±48 Ma
(T. Ullrich, pers comm, 2007).

STRUCTURE

Most rocks in the area are penetratively de formed.
Fine-grained clastic rocks have a slaty or phyllitic cleav age
de fined by aligned phyllosilicate min er als and elon gated
quartz grains. Volcaniclastic rocks are also penetratively
de formed, but a coarser grained ma trix leads to a more
spaced, scaly cleav age re sult ing from pres sure so lu tion and 
align ment of meta mor phic min er als. Fab rics in the

volcaniclastic rocks are also de fined by stretched clasts,
lapilli and min eral ag gre gates. How ever, duc tile de for ma -
tion fab rics are not ev i dent in part of the north east ern half of 
the map area. For de scrip tive pur poses, the area has been
di vided into five south east-trending structural domains
(Figure 11).

Domain I

This do main in cludes the polylithic con glom er ate,
fine-grained volcaniclastic rocks, banded lime stone and
grit beds of the Dragon Moun tain suc ces sion. The fo li a tion
(S1) dips quite uni formly to the north east, with a mean ori -
en ta tion of 281°/66°. Mea sured bed ding (S0) ori en ta tions
have mostly shal low dips and are spread along a gir dle
whose axis trends al most hor i zon tally south east, ap prox i -
mately par al lel to the long axes of stretched clasts. The
main cleav age (S1) is lo cally over printed by spaced cleav -
ages with widely varying orientations.

Domain II

This do main con sists ex clu sively of the dark banded
phyllite and siltstone be long ing to the lower part of the
Dragon Moun tain suc ces sion. The main cleav age (S1) is
par al lel to bed ding ex cept in the hinge zones of tight to iso -
cli nal F1 folds, which are rarely ex posed (Fig ure 12). The
par al lel S0/S1 fab ric is folded around gently plung ing
strike-par al lel axes. This is man i fested in crenulations of
micaceous lay ers, centi metre-scale buck les of quartz
veins/lay ers and larger scale folds be tween out crops. These 
folds are gen tle-close and typ i cally have a spaced S2 fab ric
par al lel to their ax ial planes. Ax ial planes are vari able and
dip from north east to south west. Fault dis con ti nu ities are
com mon in the dark banded phyllite unit at a variety of
scales (Figure 13).

Domain III

The Quesnel River pluton and the sur round ing mafic
volcaniclastic rocks are in cluded in do main III. A pen e tra -
tive fab ric is de vel oped in volcaniclastic con glom er ate and
as so ci ated finer grained sed i men tary rocks. A fab ric is also
well de vel oped in mafic phases around the mar gins of the
Quesnel River pluton. Large parts of the cen tral, fel sic part
of the Quesnel Lake pluton are unfoliated to weakly fo li -
ated. How ever, this area also in cludes nu mer ous dis crete
mylonitic shear zones (Fig ure 14). These shear zones dip
ap prox i mately 60º to the south west, with stretch ing
lineations typ i cally plung ing around 40º to the south east.
Cur va ture of the fo li a tion into these zones and asym met ric
delta porphyroclasts sug gest oblique-dextral move ment. A
sec ond, spaced tec tonic fab ric is ev i dent in some of the
volcaniclastic units of do main III. These spaced cleav ages
have highly vari able ori en ta tions. Bed ding fea tures are
scarce in much of this area, but most recorded values dip
southwest.

Domain IV

Rocks of the Ma roon Volcaniclastic suc ces sion and the 
Cot ton wood River suc ces sion are not penetratively de -
formed. They are af fected by brit tle de for ma tion and lo -
cally spaced fab rics are de vel oped; how ever, un like other
Me so zoic rocks in the area, they do not re cord any sig nif i -
cant ductile strain.
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Domain V

This do main ap prox i mately co in cides with the Black
pelite suc ces sion. There is gen er ally a cleav age par al lel to
compositional lay er ing in phyllite that is lo cally folded
around shal low-plung ing axes. There is no pen e tra tive fab -
ric in coarse volcaniclastic rocks. Mea sured cleav age and
bed ding dip mostly to the north east in this do main but, as
else where, data are limited.

Major Faults

The dom i nant map-scale struc tural fea tures of the area
are north west-trending faults. The Quesnel River fault is a
steep, north west-trending struc ture that fol lows the
Quesnel River. It has been in ter preted to rep re sent one of
the strands of the Pinchi fault zone that sep a rates Cache
Creek from Quesnel (Bailey, 1990). It jux ta poses fo li ated
Mid dle Ju ras sic gran ite and Late Tri as sic meta vol can ic
rocks with Late Tri as sic (?) to Early Ju ras sic black banded
phyllite along most of its length.

Bailey (1990) showed the map area to be reg u larly dis -
sected by north east erly-trending, high-an gle extensional
faults. Al though they are rarely ob served in out crop, he in -
ter preted them from aero mag net ic pat terns. No sub stan tive
ev i dence for sig nif i cant faults with this ori en ta tion was
found dur ing the current study.

The Chiaz fault (Bailey, 1988) is a north-trending ar cu -
ate fault that fol lows the east ern bound ary of the map area
for ap prox i mately 40 km north wards from the Quesnel
River fault. The fault has a well-de fined aero mag net ic sig -
na ture that cross cuts the north west-trending re gional aero -
mag net ic grain. Bailey (1990) es ti mated a min i mum of
4 km of dextral dis place ment along this struc ture and at
least 5 km of ver ti cal dis place ment (west side up) from off -
set of gran ite ex posed at its south ern end in the Quesnel
River and the dis tri bu tion of ba salt across the fault. Ad di -
tional ev i dence to sup port right lat eral dis place ment along
this struc ture is the north west-trending con tact of the Cot -
ton wood River suc ces sion of sed i men tary rocks and the
West ern Volcaniclastic suc ces sion (lo cated 5 km south east
of Rob ert son Lake), which dis plays at least 10 km of
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Fig ure 11. Equal-area lower-hemi sphere stereonet pro jec tions of struc tural data from the Quesnel River map area. The map area has been
di vided into five struc tural do mains (I to V) east of the Fra ser River, and the data are col our coded to these ar eas.



dextral displacement before it reappears east of Nyland
Lake.

The Oligocene rocks of the Aus tra lian Creek For ma -
tion trend north erly and dip gen er ally shal lowly, with the
ex cep tion of a well-de vel oped anticline ex posed along the
east bank of the Fra ser River, 6 km south of Quesnel (Fig -
ure 15; Rouse and Mathews, 1979).

METAMORPHISM

Phyllite in the north east ern part of the area (Black
pelite suc ces sion) and close to the Quesnel River (dark
banded phyllite) has chlorite+mus co vite+quartz+plagio -
clase as sem blages, with bi o tite lo cally pres ent. Mafic vol -
ca nic and volcaniclastic rocks in the north ern part of the
Green Volcaniclastic suc ces sion (GVS) and the Dragon
Moun tain suc ces sion con tain am phi bole, plagioclase,
epidote, car bon ate and chlorite. Pyroxene crys tals are fully
or partly con verted to am phi bole or chlorite, quartz-epidote 
veins and re place ment pods are wide spread, and the rocks
have an over all green ap pear ance. In the south ern part of
the Green Volcaniclastic suc ces sion, chlorite is ab sent and
mafic meta vol can ic rocks have the as sem blage am phi -
bole+epidote+plagioclase. Meta mor phic am phi bole is
aligned par al lel to fo li a tion and lo cally dis plays a lineation.
Al though trans formed min er al og i cally, many rocks re tain
their volcaniclastic or vol ca nic tex ture—pheno crysts and
de tri tal crys tals are dis cern ible in al most all rocks that are
suf fi ciently coarse grained. Meta mor phic min eral as sem -
blages in the area in di cate greenschist-fa cies meta mor -
phism, possibly reaching epidote-amphibolite facies in the
southern GVS.
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Fig ure 12. Folds in the dark banded phyllite (struc tural
do main II): A) tight F1 fold with gently plung ing axis; S1
is ax ial pla nar; B) larger scale F1 fold ex posed in
stream can yon; the left limb of the fold has been faulted
off; C) F2 crenulations of S0/S1 sur face in dark phyllite;
D) F2 fold of banded phyllite with spaced S2; the fold
fac ing di rec tion is given by graded bed ding.

Fig ure 13. Small-scale faults in the dark banded phyllite (Dragon
Moun tain suc ces sion). Note the trun ca tion of the lay ers on which
the ham mer rests.

Fig ure 14. Pho to mi cro graph of my lon ite zone in Mid dle Ju ras sic
K-feld spar–megacrystic monzogranite of the Quesnel River pluton 
(3 mm field of view; crossed polars).



In con trast, mafic volcaniclastic rocks be long ing to
struc tural do main IV have not been sub stan tially af fected
by meta mor phic recrystallization. Many volcaniclastic and
vol ca nic rocks in the Ma roon Volcaniclastic suc ces sion re -
tain their ma roon-col oured ma trix and clasts rather than be -
ing green. They lack epidote veins and pods and, al though
plagioclase crys tals are al tered, de tri tal pyroxene crys tals
are com monly fresh. Rocks in this do main there fore dif fer
from those else where in two re spects: they were not
ductilely de formed and they are much less ex ten sively
hydrated and recrystallized.

Vol ca nic rocks of the Endako and Ootsa Lake groups
ex pe ri enced ze o lite fa cies meta mor phism, and the Ter tiary
sed i men tary rocks are unmetamorphosed.

Al ter ation zones have de vel oped in the volcaniclastic
and sed i men tary coun try rocks pe riph eral to ig ne ous bod -
ies in the map area. With the ex cep tion of the Quesnel River 
pluton, the al ter ation zones are gen er ally lim ited to nar row
zones of less than 100 m. At the south ern end of the Quesnel 
River pluton, gar net+actinolite+epidote±bi o tite over print
the meta vol can ic rocks im me di ately ad ja cent to the con tact
with the gran ite. As sum ing a ver ti cal con tact, the al ter ation
ex tends 2–400 m outwards from the granite.

Fine-grained black sed i men tary units of the Cot ton -
wood River suc ces sion are in truded by a clus ter of small,
north-trending, crowded megacrystic, orthoclase syenite
por phyry stocks. Ad ja cent to the syenite, the sed i men tary
rocks are vari ably al tered to a fine-grained, brown to dark
pur ple bi o tite-chlorite-py rite±pyrrhotite hornfels. Over -
print ing the hornfels are frac ture-con trolled, pale,
anastomosing bleached zones of Na- and/or K-en riched hy -
dro ther mal al ter ation. Late-stage (?) sheeted quartz veins
and stockworks ex tend be yond the pluton mar gins into the
hornfelsed coun try rocks. Mi nor sulphides of Fe, Cu and Pb 
oc cur lo cally. Small, com pos ite, mafic to ultra mafic stocks
and plugs of hornblendite, diorite, monzonite and syenite
in trude green volcaniclastic rocks of the West ern
Volcaniclastic suc ces sion along a me dial north west-
trending axis. Dark hornfels and potassic al ter ation over -
prints green vol ca nic rock, with skarn and calcsilicate al ter -
ation oc cur ring in cal car e ous volcaniclastic ho ri zons
(MINFILE 093B  027; MINFILE, 2008). No sulphide
introduction was recognized.

MINERALIZATION

With the ex cep tion of Ter tiary and youn ger placer, coal 
and di at o mite oc cur rences, min er al iza tion in the Quesnel
River area is re lated to Me so zoic subduction-gen er ated arc
magmatism and high-level em place ment of stocks and
plutons that oc cupy the north east ern half of the map area
(Figure 16, Table 1).

Two past-pro duc ing surficial placer Au de pos its are
lo cated along the Quesnel River, and sub-bi tu mi nous coal
and lig nite beds are known to oc cur within sec tions of the
late Early Oligocene Aus tra lian Creek For ma tion ex posed
in the Fra ser River val ley. East of the study area, di at o mite
over lies the coal-bear ing stra tig ra phy (Rouse and
Mathews, 1979; Hora, 2008).

North of the map area, lim ited pro duc tion is re corded
for the alkalic Cu-Au por phyry min er al iza tion at Mouse
Moun tain (Suther land Brown, 1957), and show ings of Mo
and W min er al iza tion oc cur near the west ern mar gin of the
Naver pluton. South of the map area, Cu±Mo por phyry
min er al iza tion as so ci ated with calcalkaline in tru sive com -
plexes at the Gi bral tar mine, and Cu±Au por phyry and
propylitic Au re place ment as so ci ated with al ka line in tru -
sive cen tres at the Mount Polley mine and the QR mine, re -
spec tively, rep re sent im por tant ex plo ra tion models for this
part of the Nicola Arc.

Proven and prob a ble re serves at Gi bral tar (0.2% Cu
cut-off) to tal 472.4 Mt of 0.315% Cu and 0.008% Mo, with
an ad di tional 958 Mt of mea sured and in di cated re sources
at 0.298% Cu and 0.008% Mo (Taseko Mines Lim ited,
2008). Proven and prob a ble re serves at Mount Polley in -
cor po rate the open pit min ing of the South east zone, C2
zone and the Springer zone, in ad di tion to the Wight and
Bell pits, and to tal 55.6 Mt at 0.36% Cu, 0.30 g/t Au and
0.66 g/t Ag (Im pe rial Met als Cor po ra tion, 2008), with an
ad di tional mea sured and in di cated re source of 104.8 Mt at
0.295% Cu, 0.304 g/t Au and 0.19 g/t Ag. Re serves for the
QR mine, es ti mated by Kinross Gold Cor po ra tion on Jan u -
ary 1, 1997, were 1.57 Mt grad ing 3.99 g/t Au, with the
main zone host ing an es ti mated 0.6 Mt at 4.4 g/t Au
(MINFILE 093A  121). De vel op ment and mill ing op er a -
tions at the mine have re com menced, with the first gold
pour re ported in November 2007 (Cross Lake Minerals
Ltd., 2007).

Min er al iza tion in the map area in cludes
· Au±Cu de vel oped in potassic, skarn and propylitic al -

ter ation as sem blages in cal car e ous volcaniclastic
rocks ad ja cent to the Cantin Creek mafic-ultra mafic
plutonic complex;

· Cu-Au-Mo as so ci ated with el e vated As-Sb-Bi±Pb-Zn
geo chem i cal sig na tures ad ja cent to the Mid dle Ju ras -
sic calcalkaline Quesnel River pluton, apophyses and
re lated stocks lo cated north east of Dragon Lake; and

· weak sili ci fi ca tion and py ritic al ter ation zones with el -
e vated base met als de vel oped pe riph eral to K-feld -
spar–megacrystic quartz syenite bod ies that in trude
the Cot ton wood suc ces sion (Table 1).

Thirty-two rock geo chem i cal sam ples were col lected
from al ter ation and min er al iza tion over the course of three
sum mers (2006, 2007 and 2008) map ping in the Quesnel
River map area (Ta ble 2). The ma jor ity of these sam ples
(30) were col lected north east of the Quesnel River fault and 
at test to the higher min eral po ten tial of the vol ca nic and
plutonic Nicola Group rocks that underlie this area.
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Fig ure 15. Up right an ti cli nal fold in Oligocene Aus tra lian Creek
For ma tion con glom er ate, sand stone and siltstone units, ex posed
be tween the rail road line and the Fra ser River, 6 km south of
Quesnel.



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

Fig ure 16. Ge ol ogy the Quesnel River map area, show ing the dis tri bu tion of MINFILE oc cur rences de scribed in Ta ble 1 and geo chem i -
cal/as say sam ple lo ca tions listed in Ta ble 2. The num bers ac com pa ny ing the MINFILE oc cur rences and geo chem i cal/as say sam ple lo -
ca tions cor re spond to the last part of the ‘MINFILE No.’ in Ta ble 1 and ‘Sta tion No.’ in Ta ble 2, re spec tively.
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Table 1. MINFILE occurrences within the Quesnel River map area (NTS 093B/16).
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Table 2. Assays of rock samples collected during 2006, 2007 and 2008 fieldwork, Quesnel River map area (NTS 093B/16); anomalous values are highlighted in yellow.
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Table 2 (continued)



Late Triassic (?) to Jurassic Zn-Pb-±Mo-Au
Mineralization

Quartz-sul phide vein min er al iza tion at the AB-XL
show ing (MINFILE 093B  027; Ta ble 1) is as so ci ated with
small stocks of orthoclase-megacrystic syenite and a
monzonite, which in trude sed i men tary rocks of the Cot ton -
wood River succession.

Miarolitic, orthoclase-megacrystic syenite in tru sions
un der lie the 10 km2 area that ex tends from the head wa ters
of Dea con Creek south east across the 500 Road. They are
com pos ite bod ies con sist ing of 1) coarse-grained, equi -
granular, orthoclase- and hornblende-phenocrystic syenite, 
in truded by 2) crowded, orthoclase-megacrystic por phyry
syenite and 3) fine-grained dikes of orthoclase. Sheeted and 
stockwork quartz veins cross cut all three phases of the in -
tru sion and the fine-grained black and green argillite and
phyllite coun try rocks. The veins are late-stage, brit tle
quartz±orthoclase veins that oc ca sion ally dis play
orthoclase al ter ation en ve lopes. The vein quartz is mas sive
and white, with crys tals ori ented per pen dic u lar to vein
walls or zones of bull ish white quartz fill ing brit tle frac -
tures and heal ing brec cia zones. In ad di tion, the quartz oc -
cu pies miarolitic cav i ties and comb quartz lay ers, and
rarely is min er al ized with py rite and sparse ga lena. The
mean prin ci pal ori en ta tion for quartz veins cut ting the
syenite is 347°/72°, but these sheeted vein sets are com -
monly cut by a youn ger or thogo nal set of veins trending
250°/80°.

Sam ples of the orthoclase-megacrystic syenite
(07GLE40-204, -206, 08JLO14-140A, 08JLO15-147), the 
sheeted quartz veins and stockwork that cut the in tru sion
(06JLO15-139), and hornfelsed, quartz-veined ar gil la -
ceous coun try rock (06JLO15-135) that host the in tru sions
were col lected and an a lyzed to as sess the po ten tial of this
suite of alkalic in tru sions to host Cu-Au min er al iza tion.
The re sults in Ta ble 2 in di cate that the high est anom a lies
oc cur in the al tered and quartz-veined coun try rocks ad ja -
cent to the syenite. Argillite sam ple 06JLO15-135 is
hornfelsed and si lici fied by dis crete vit re ous quartz
veinlets with wide al ter ation en ve lopes, typ i cally 2–3 times 
the width of the veinlet, and re turned el e vated Zn, Pb, Cd,
±Cu ±Mo val ues (Fig ure 17). The quartz veins sam pled that 
cut the in tru sions con tained only back ground val ues. How -
ever, cross cut ting vein sam ples yet to be an a lyzed con tain
dis sem i nated ga lena. Two of the four syenite sam ples con -
tained slightly el e vated Au values but no coincident
anomalous values for other elements.

A north west-trending ridge of rusty-weath er ing black
argillite and lesser green siltstone is lo cated north of
Benson and Rob ert son lakes. The rocks are mas sive, with
faint, cryp tic, fine lami na tions sug ges tive of bed ding. They
pos sess a splin tery or conchoidal frac ture pat tern re sult ing
from sil ica or hornfels al ter ation. Bailey (1989) showed an
in tru sive body of grey por phy ritic syenite (his unit 7B)
north east of this lo ca tion that could ac count for the ob -
served hornfels al ter ation. Pale green ish al ter ation en vel -
ops and bleaches the argillite ad ja cent to centi metre-scale,
sul phide-rich quartz veins. Where vein den sity is high, dis -
sem i nated py rite oc curs through out the argillite. Grab sam -
ples from this lo ca tion (07GLE38-194) re turned anom a -
lous val ues for Zn, Cd and Mo, with slightly el e vated Cu
and Au (Ta ble 2). This el e ment as so ci a tion is sim i lar to that
of min er al iza tion as so ci ated with sed i ment-hosted, K-feld -

spar–megacrystic syenite that intrudes sedimentary rocks
of the Cottonwood succession.

Early Jurassic Au±Cu Mineralization

CANTIN CREEK

The Cantin Creek show ing (MINFILE 093B  064) is
lo cated west and east of the 500 Road, ap prox i mately
10 km north of its junc tion with the Nyland Lake Road in
the up per reaches of Cantin Creek. It was ex plored first in
1964 (Ba con, 1964) and again in the late 1980s and early
1990s, with sub stan tial geo phys i cal, geo chem i cal and di a -
mond-drill ing (~4000 m) pro grams look ing for an other
QR-type de posit (Fox, 1975, 1985, 1990; Goodall and Fox,
1989). Out crop is scarce and his tor i cal drill ing in ter sected
be tween 40 and 90 m of over bur den con sist ing of gravel
and wa ter-soaked clay (Fox, 1985). Re cent ex plo ra tion has
in cluded ad di tional di a mond-drill ing de signed to test in -
duced-po lar iza tion (IP) and geo chem i cal tar gets pe riph eral 
to, and dis tal from, the Cantin Creek stock (Miller-Tait,
2004). The stock is a mafic-ultra mafic com plex com posed
of pyroxenite, diorite and gab bro. Early ex plo ra tion drill -
ing fo cused on de fin ing the ex tent and metal con tent of this
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Fig ure 17. Hornfelsed and veined argillite of the Cot ton wood
River suc ces sion, lo cated pe riph eral to crowded orthoclase-
megacrystic syenite. Py rite±pyrrhotite vein stockworks are
char ac ter ized by pale anastomosing bleached al ter ation en -
ve lopes of Na and/or K- al ter ation.



body. As say re sults from more than 150 one-metre sam ple
in ter vals of the pyroxenite, gab bro and diorite re turned low
Au val ues of <50 ppb (Fox, 1985) to 5 ppb (Goodall and
Fox, 1989), while fel sic in tru sions av er aged 15 ppb and lo -
cally up to 130 ppb (Goodall and Fox, 1989). How ever, the
best as say re sults were in ter sected in mar ble±calcsilicate
skarn and propylitic alteration zones peripheral to the main
Cantin Creek stock.

Interbedded hornfels, di op side and gar net calcsilicate
and mar ble in truded by nar row fel sic dikes in drillhole G-
10 re turned a high value of 3690 ppb Au and seven one-
metre sam ples with val ues greater than 1000 ppb Au
(Goodall and Fox, 1989). Propylitically al tered ba salt cut
by 2–5 m wide fel sic dikes in ter sected in drillhole 20 re -
turned 16 one-metre sam ples with greater than 100 ppb Au
and one of 1779 ppb Au (Fox, 1990). Au rif er ous cal cite-
flu o rite vein ing in pyroxene-plagioclase–phyric brec cia,
in ter sected be tween 131 and 139 m in drillhole 21, re turned
1.8 g/t Au over 8 m. Drillhole 25 was drilled to test the IP
anom aly lo cated north east of the stock and re turned some
of the more con tin u ous min er al iza tion (Fox, 1990). Anom -
a lous Zn and Cu val ues (1 m sam ples as high as 1.9% Zn
and 0.2% Cu) with low Au val ues were in ter sected in py -
ritic epidote hornfels be tween 63 and 73 m; propylitized
cal car e ous volcaniclastic rocks be tween 112 and 120 m re -
turned 212 ppb Au over 8 m; a 6 m in ter val of propylitic ba -
salt be tween 136 and 142 m re turned 1.7 g/t Au and low Zn
and Cu val ues; and a fel sic dike in ter sected at 151 m re -
turned 391 ppb Au over 3 m. Fox (1990) con cluded that the
min er al ized ma te rial and lo cal strati graphic section at
Cantin Creek were typical of the QR Au deposit.

LYNDA

The Lynda show ing (MINFILE 093B  025) is lo cated
3 km south of the Cantin Creek show ings in out crops ex -
posed along the 500 Road. It is char ac ter ized by sed i men -
tary/vol ca nic-hosted Cu min er al iza tion con sist ing of finely 
dis sem i nated tetrahedrite and chalcocite re place ments of
lime stone, and stratabound na tive Cu re place ments of
amygdules, ves i cles and frac tures in ba salt flows and
volcaniclastic rocks. Mal a chite and az ur ite are com mon on
weath ered sur faces. A 1 m chip sam ple of min er al ized
dolomitic lime stone re turned 2445 ppm Cu, 69 ppm Pb,
321 ppm Zn, 3600 ppb Hg, 3.4 ppm Ag and 15 ppb Au
(Turner, 1983). Geo chem i cal anal y ses of al tered and min -
er al ized ma roon vol ca nic rocks (06JLO10-96 and 19-165)
that un der lie the lime stone and an alkalic dike (JLO19-
164b) are listed in Ta ble 2. The vol ca nic rocks show
anomalous Cu values but low Au, Ag and base-metal con -
tents.

Middle Jurassic Cu-Au-Mo Mineralization

KATE

The Kate show ing (MINFILE 093B  053) is lo cated in
the Quesnel River can yon, ap prox i mately 9 km up stream
from Quesnel. Pyroxene-phyric flows and volcaniclastic
and fine-grained sed i men tary rocks of the Late Tri as sic
Nicola Group are in truded by a suite of quartz-sat u rated Ju -
ras sic stocks and Eocene mafic dikes. Con tacts are sharp,
cross cut ting and chilled for sub se quent phases. Tex tures
sug gest an early fine-grained equigranular monzodiorite,
fol lowed by a feld spar-quartz-bi o tite–por phy ritic
monzonite, and a late phase of quartz-por phy ritic gran ite.

All units ex cept the ce mented Ter tiary gravel are cut by
metre-wide, east-trending, biotite lamprophyre dikes.

Sul phide min er al iza tion com prises py rite, chal co py -
rite and mi nor tetrahedrite in frac tures, and quartz-car bon -
ate veins and dis sem i na tions in the meta vol can ic coun try
rock pe riph eral to the quartz por phyry gran ite. Car bon ate
and seri cite al ter ation ac com pa nies min er al iza tion. In
zones of high-den sity frac tur ing, Fe-car bon ate re place -
ment is per va sive, tex tur ally de struc tive and pro duces
pink- to buff-col oured rock. An as sem blage of do lo mite,
py rite, cal cite, quartz and seri cite dom i nates this al ter ation.
Sec ond ary min er als in clude mal a chite, az ur ite and he ma -
tite. Two geo chem i cal sam ples of sul phide min er al iza tion
(05JLO8-73 and 08JLO21-191) were col lected from the
Quesnel River can yon at the Kate show ing (Fig ure 18). Re -
sults show a multi-el e ment suite of elevated to anomalous
values for Au, Ag, As, Bi, Cu, Mo, Sb, Pb and Zn (Table 2).

At Mouse Moun tain, these Mid dle Ju ras sic Fe-car bon -
ate al ter ation zones (trending north and east) over print the
Late Tri as sic alkalic al ter ation as sem blage and can di lute
Cu-Ag grades of the monzonite-re lated min er al iza tion.
Zones of Fe-car bon ate al ter ation are char ac ter ized by el e -
vated As, Sb and Mo val ues (Jonnes and Logan, 2007).

MANDY

The Mandy show ing (MINFILE 093B  046) is lo cated
1.3 km south of the south ern mar gin of the Quesnel River
pluton in hornfelsed metavolcaniclastic rocks of the Nicola
Group. Min er al iza t ion is hosted in Fe-car bon ate
(ankeritic)–quartz veins de vel oped in sheared meta vol can -
ic rocks and in cludes spo radic Cu, Zn, Ag and Au val ues
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Fig ure 18. Mas sive, fine-grained py rite vein with Fe-car bon -
ate and sil ica al ter ation en ve lope, hosted in meta vol can ic
rocks ad ja cent to a quartz por phyry in tru sion at the Kate oc -
cur rence (MINFILE 093B  053).



over widths of 1.5 m. The veins strike east erly, dip steeply
north and oc cupy an en échelon north east erly-step ping dis -
tri bu tion. They are sheeted, milky white mas sive quartz
banded with dis con tin u ous blebs and lay ers of sulphides
that in clude py rite, chalcopyrite and tetrahedrite.

A grab sam ple of tetrahedrite-min er al ized vein ma te -
rial from pit 1, which is ex plored by a 6 m de cline, re turned
13.54% Cu, 1530 g/t Ag, 2.36 g/t Au and 7.49% Sb
(Larabie, 1985). A ran dom chip sam ple across 1.5 m of the
same quartz-an ker ite vein, hosted in sheared metabasalt,
yielded 3.3% Cu, 0.02% Pb, 0.45% Zn, 435 g/t Ag, 0.65 g/t
Au and 0.29% As (Durfeld, 1986). El e vated As and Sb val -
ues sug gest the pres ence of ten nan tite (Cu12As4S13) in ad di -
tion to tetrahedrite (Cu12Sb4S13) within the veins. A weakly
pyritized north-trending Fe-car bon ate al ter ation zone
cross cuts quartz-epidote±py rite–re placed volcaniclastic
rocks in an ex plo ra tion pit ad ja cent to the log ging road ac -
cess. A grab sam ple from this al ter ation zone is barren
(Table 2, station 08JLO7-76,).

TARN

The Tarn show ing (MINFILE 093B  057) is lo cated
1.5 km north east of the Quesnel River in epidote-am phi bo -
lite–fa cies meta vol can ic rocks of the Green Volcaniclastic
suc ces sion. The show ing is spa tially as so ci ated with an
aero mag net ic high co in ci dent with the south west ern con -
tact au re ole of the Quesnel River pluton. Sparse Cu, Mo,
Au and Ag min er al iza tion has de vel oped along frac tures
and as lo cal dis sem i na tions in the meta vol can ic rocks ad ja -
cent to hornblende-bi o tite monzogranite, coarse bi o tite
quartz monzodiorite and felsite units that char ac ter ize the
south ern mar gin of the pluton. Trench ing and sam pling
around the orig i nal dis cov ery site re turned val ues that av er -
aged 0.67% Cu, 0.029% Mo, 7.3 g/t Ag and 0.4 g/t Au
(Camp bell et al., 1981). Fol low-up rock sam pling of skarn-
, chlorite- and sil ica-al tered meta vol can ic, felsite, diorite
and feld spar por phyry units could du pli cate but not ex pand
these anom a lies be yond the orig i nal show ings. Soil geo -
chem is try rec og nized anom a lous Cu, Mo, Ag and Au val -
ues, but their er ratic dis tri bu tion led Campbell et al. (1981)
to conclude there was not an economic target present on the
property.

The min er al ized show ings were not sam pled dur ing
the cur rent map ping pro ject.

NYLAND LAKE

The Nyland Lake show ing (MINFILE 093B  053) is
clas si fied in cor rectly as a Mo show ing lo cated in the cen tre
of Nyland Lake. As sess ment re ports cov er ing the area in di -
cate anom a lous Au val ues in heavy-min eral pan con cen -
trates and con cluded a lode Au po ten tial for the area (Troup
and Freeze, 1985). The area, ap prox i mately 1.5 km west of
Nyland Lake, con tains the east-trending al tered con tact be -
tween Nicola Group meta vol can ic rocks and gran ite of the
Quesnel River pluton. Calcsilicate and sul phide as sem -
blages over print the meta vol can ic rocks ad ja cent to the
south ern con tact zone of the pluton, which is char ac ter ized
by abun dant nar row gran ite apophyses and aplite and peg -
ma tite dikes. A sin gle grab sam ple of epidote-gar net-
chlorite-quartz–al tered meta vol can ic rock, taken ad ja cent
to the con tact with granite, returned a Au-only anomaly of
40 ppb (Table 2).

MISCELLANEOUS MINERALIZATION

Geo chem i cal grab sam ple 07GLE34-162 con sists of
strongly al tered (bleached, si lici fied and pyritized), grey to
green, fine-grained volcaniclastic rock cut by sul phide-
bear ing centi metre-thick quartz veins. Bleach ing and sur -
face ox i da tion have pro duced an out crop of brown-, or -
ange- and green-weath ered rock that re turned anom a lous
val ues in As, Nb and W (Ta ble 2). The sam ple site is lo cated 
close to the con tact be tween the Cot ton wood River suc ces -
sion and the West ern Volcaniclastic succession.

Mo lyb de num min er al iza tion is as so ci ated with aplite
dikes cut ting diorite at the Daphne show ing (MINFILE
093A  123), lo cated im me di ately ad ja cent to the south east
cor ner of NTS area 093B/16. Mo lyb de nite oc curs with
quartz in string ers, as specks in the aplite and as frac ture
coat ings in the diorite (Petersen, 1976).

CONCLUSIONS

The Quesnel River map area in cludes Mid dle Tri as sic
to Early Ju ras sic sed i men tary, vol ca nic and plutonic rocks
of the Quesnel terrane and youn ger units that over lie the
Cache Creek terrane in the south west ern part of the map
area.

These youn ger rocks in clude Ju ras sic Dragon Moun -
tain sed i men tary rocks; Eocene dacite and ba salt;
Oligocene to Mio cene sed i men tary rocks; and thick ac cu -
mu la tions of un con sol i dated Qua ter nary de pos its. The
thick est ac cu mu la tion of Qua ter nary de pos its is pre served
in a 4 km wide, north-trending Pleis to cene val ley that fol -
lows the east side of the Fraser River.

The Nicola Group has been di vided into two main units 
in the Quesnel River map area: an East ern Sed i men tary suc -
ces sion (ESS) and West ern Volcaniclastic suc ces sion
(WVS). These can be traced northwestward along strike
into cor re la tive Nicola units of the Cot ton wood map area
(Lo gan et al., 2008) and south east into the Mount Polley
area (Lo gan et al., 2007b). The ESS com prises a pack age of
dis rupted, green and grey cherty argillite, siltstone, lime -
stone and tuffaceous sand stone that cor re lates with the Cot -
ton wood River suc ces sion (Lo gan, 2008), and a mixed
pack age of pyroxene volcaniclastic rocks and Mid dle Tri -
as sic dark phyllite, siltite and slate that cor re late with the
East ern Volcaniclastic and Black pelite suc ces sions to the
north in the Cot ton wood map area (Lo gan et al., 2008). The
WVS is a pyroxene-rich volcaniclastic suc ces sion, char ac -
ter ized by green and ma roon, polylithic vol ca nic con glom -
er ate interbedded with lime stone, ma roon and/or green
pyroxene ba salt, and fine-grained, bed ded volcaniclastic
rocks, that cor re lates with rocks of the same name in the
Cot ton wood map area (Lo gan, et al., 2008). The Cot ton -
wood River suc ces sion and con form ably over ly ing West -
ern Volcaniclastic suc ces sion are Late Tri as sic or older be -
cause the up per part of the suc ces sion is cut by monzonite
of the Late Triassic (207 Ma) Mouse Mountain stock.

The iso lated lime stone lo cated north of Hallis Lake has 
been re in ter preted as a cri noid ossicle–rich, Late Tri as sic
grainstone rather than a Cam brian archaeocyathid-bear ing
rock (Tip per, 1978).

The area south east of the Quesnel River is un der lain by 
a coars en ing-up ward se quence of sed i men tary rocks of Tri -
as sic (?)/Early Ju ras sic to Mid dle (?) Ju ras sic age that com -
prises a lower pack age of black, thin-banded phyllite and
py ritic and cal car e ous argillite and siltstone, and an up per
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se quence of thick-bed ded or mas sive, vol ca nic- and
plutonic-clast con glom er ate, quartz grit, lime stone and
greywacke. The Ashcroft For ma tion of south ern BC
formed in a fore-arc ba sin from ma te rial shed from the up -
lifted Nicola vol ca nic-plutonic arc and Cache Creek
accretionary wedge (Travers, 1978). A sim i lar in ter pre ta -
tion is pos tu lated for the Dragon Moun tain suc ces sion in
the Quesnel River map area. Cache Creek rocks form the
base ment to the south west ern part of the map area, where
they are over lain mainly by the Dragon Moun tain suc ces -
sion. A gradational strati graphic con tact be tween the Late
Tri as sic Green Volcaniclastic suc ces sion (Nicola Group)
and Early Ju ras sic Dragon Moun tain suc ces sion is ap par ent 
east of Dragon Lake, sug gest ing that de po si tion was con -
tin u ous from Late Tri as sic through early Ju ras sic. This im -
plies that the Dragon Moun tain suc ces sion is an over lap as -
sem blage link ing the Cache Creek base ment rocks in the
map area to the Nicola Group fore-arc (Quesnel terrane)
prior to the end of the Late Tri as sic. This in ter pre ta tion is
fur ther sup ported by re la tion ships at the Gi bral tar mine,
30 km to the south. Here 212 Ma subduction-gen er ated arc
plutons in trude Cache Creek rocks that prob a bly oc cu pied
a fore-arc setting to the nascent Nicola arc prior to the
culmination, in the Late Triassic, of Nicola Group arc
magmatism.

In tru sive rocks in the map area in clude the Early Ju ras -
sic (ca. 193 Ma) Po laris suite of mafic-ultra mafic com -
plexes, synkinematic Mid dle Ju ras sic (165, 160, 158 Ma)
suite of gran ite, and Ter tiary (ca. 50 Ma) suite of alkalic
mafic dikes. Dis crete brit tle shear zones with oblique-
dextral sense of shear cut across the Mid dle Ju ras sic
Quesnel River pluton.

Min er al iza tion in the Quesnel River map area is as so -
ci ated with em place ment of high-level in tru sions and com -
prises a Late Tri as sic (?) to Early Ju ras sic ep i sode char ac -
ter ized by Zn-Pb±Mo-Au, an Early Ju ras sic ep i sode of
Au±Cu and a Mid dle Ju ras sic ep i sode of Cu-Au-Mo
deposition.

An early Mio cene tec tonic event pro duced anticlines
in Oligocene sed i men tary rocks.
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Geological Relationships on the Western Margin of the Naver Pluton,
Central British Columbia (NTS 093G/08)

by D.P. Moynihan1 and J.M. Logan
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Group, Nicola Group, Naver pluton, de for ma tion,
meta mor phism, con tact au re ole

INTRODUCTION

The Naver pluton oc cu pies ap prox i mately
700 km2 south east of Prince George in east-cen tral
Brit ish Co lum bia (Fig ures 1, 2). It com prises mostly
gran ite and granodiorite. The pluton in trudes rocks
of the Nicola Group, the Crooked am phi bo lite and
the Snow shoe Group, and cross cuts tec toni cally sig -
nif i cant bound aries be tween these units. The pluton
was stud ied by Struik et al. (1992), who ob tained U-
Pb zir con and monazite crys tal li za tion ages of ca.
113 Ma and de scr ibed the pluton as  be ing
nonfoliated ex cept directly adjacent to faults.

Here we re port on ob ser va tions made dur ing
pre lim i nary map ping of the south west ern part of
NTS map area 093G/08 (1:50 000), in cor po rat ing
the west ern part of the Naver pluton and ad ja cent
metasedimentary and meta vol can ic rocks. A pri -
mary find ing is that rather than be ing a ho mo ge -
neous post-tec tonic in tru sion, the Naver pluton is a
com pos ite body in clud ing a de formed west ern part.
The post-tec tonic 113 Ma part of the com pos ite body 
was in truded at shal low lev els into low-grade meta -
mor phic rocks, re sult ing in a Buchan-type con tact au re ole.
This con trasts with the older part, which was penetratively
de formed with midcrustal am phi bo lite-fa cies rocks and
lacks a contact aureole.

REGIONAL GEOLOGY

The Naver pluton in trudes across the bound aries sep a -
rat ing the Quesnel, Slide Moun tain and Kootenay ter ranes,
three ma jor tec tonic com po nents of the Ca na dian Cor dil -
lera (Figure 1).

The Quesnel terrane rep re sents an ex ten sive
(>2000 km) west-fac ing calcalkaline-al ka line Late Tri as -
sic–Early Ju ras sic arc that de vel oped out board or prox i mal
to the west ern mar gin of North Amer ica. It is char ac ter ized
by Me so zoic arc vol ca nic and sed i men tary rocks of the

Nicola, Takla and Stuhini groups and co eval plutonic rocks. 
At this lat i tude, the west ern part of the Nicola Group is
dom i nated by forearc volcaniclastic-dom i nated suc ces -
sions that grade east ward across the arc into backarc Mid -
dle–Late Tri as sic fine-grained clastic rocks (the black
phyllite unit of Rees, 1987). Rocks of the Nicola Group re -
cord an east ward shift in the lo cus of magmatism through
time and a change from early calcalkaline to alkaline
magmatism.

The east ern mar gin of the Quesnel terrane is marked by 
a dis con tin u ous belt of vari ably sheared mafic and ultra -
mafic rocks of the Crooked am phi bo lite. These rocks are
as signed to the Slide Moun tain terrane, a Late Pa leo zoic
mar ginal ba sin as sem blage (Schiarizza, 1989; Roback et
al., 1994) of oce anic ba salt and chert that sep a rated
Quesnellia from North Amer ica. The Eu reka thrust, an
east-verg ing thrust fault, marks the east ern bound ary of the
Slide Moun tain terrane (Struik, 1986). The footwall to the
Eu reka thrust com pro mises Pro tero zoic–Pa leo zoic Snow -
shoe Group rocks of the Barkerville subterrane, a north ern
ex ten sion of the Kootenay terrane (Mon ger and Berg,
1984), which are pericratonic and likely rep re sent dis tal
sed i men ta tion of an ces tral North Amer ica (Colpron and
Price, 1995). In this re gion, a con glom er ate close to the
base of the Nicola Group con tains fo li ated clasts de rived
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Fig ure 1. Lo ca tion of the NTS 093G/08 map sheet, marked with a red box.
The Quesnel terrane is shown in green and the Cache Creek terrane in dark 
grey. The lo ca tions of Cu-Au-Ag±PGE al ka line por phyry de pos its are also
shown.
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from the Snow shoe Group and the Crooked am phi bo lite
(McMullin et al., 1990). This sug gests that the west ern
bound ary of the Slide Moun tain terrane, and where ab sent,
the con tact be tween the Quesnel terrane and the Kootenay
terrane, is or was ini tially an un con formity.

West of the Quesnel terrane is Late Pa leo zoic–Ju ras sic
oce anic rocks of the Cache Creek terrane, with Late Tri as -
sic blueschist-fa cies rocks (Patterson and Harakal, 1974;
Ghent et al., 1996) rep re sent ing the rem nants of a sub -
duction-accretionary com plex (Travers, 1977; Mihal ynuk
et al., 2004) that gen er ated the Quesnel Arc.

Youn ger rocks in the area in clude Early–Mid dle Ju ras -
sic and mid-Cre ta ceous gra nitic plutons, Eocene sed i men -
tary and vol ca nic se quences and Mio cene flood ba salt. The
Ste Ma rie pluton, a hornblende-bear ing gran ite-monzonite
ex posed north of the Naver pluton, was in truded at 167 Ma
(Struik et al., 1992). Fur ther de tails on the re gional set ting
of the cen tral Quesnel belt can be found in Lo gan et al.
(2007) and Lo gan and Moynihan (2009).

ROCK UNITS

Snowshoe Group (Proterozoic–
Paleozoic)

Rock types con tained within the Snow -
shoe Group on the west ern mar gin of the
Naver pluton in clude micaceous quartz ite,
metapelitic schist, calcsilicate, mar ble and
feldspathic grit. All of these rocks are
penetratively de formed. No in ter nal sub di vi -
sions within the Snow shoe Group were
mapped, but the rec og ni tion of out crop-scale
re folded folds sug gests its struc ture is
complex.

Crooked Amphibolite
(Carboniferous–Permian)

Ultra mafic rocks of the Crooked am phi -
bo lite oc cur as dis con tin u ous sliv ers along
the bound ary be tween the Snow shoe and
Nicola groups. The rocks form dis tinc tive
knob bly dun-col oured out crops. A tec tonic
fo li a tion with a mod er ate dip to the south west 
is cross cut by a web-like net work of sec ond -
ary ser pen tine, talc and tremolite that have re -
placed ol iv ine. In this area the Crooked am -
phi bo lite is, where present, <300 m thick.

Nicola Group (Triassic)

The Nicola Group in cludes a volcani -
clastic-dom i nated unit (TNV) in the west ern
part of the area and a mostly sed i men tary unit
(TNBP) close to the Naver pluton.

Rocks in the TNBP have been penetrat -
ively de formed, as have rocks of the TNV be -
tween the two bands of TNBP in the south west
cor ner of the area (Fig ure 2). How ever, far -
ther west, rocks be long ing to this unit are
gen er ally mas sive; lo cally, a spaced frac ture
cleav age is de vel oped, and in rare cases, a
pen e tra tive fabric.

BLACK PHYLLITE UNIT (TNBP)

This unit com prises dark par al lel-lam i nated or ho mo -
ge neous metapelitic phyllite, banded metasiltstone and
dark cal car e ous phyllite with abun dant py rite porphyro -
blasts. Metapelite is con verted to a spot ted hornfels in the
con tact au re ole of the Naver pluton.

These rocks crop out in two belts, sep a rated by an in -
ter val of volcaniclastic rocks. Fine-grained sed i men tary
rocks of the west ern belt over lie, and are interbedded with,
volcaniclastic rocks (TNV); the east ern belt of phyllite is
older and un der lies volcaniclastic rocks.

The fine-grained clastic rocks of the east ern belt are
cor re lated with the black phyllite unit of Rees (1987),
which has been dated as Mid dle and Late Tri as sic from
cono dont-bear ing cal car e ous ho ri zons at Quesnel Lake
(Struik and Or chard, 1985). Mid dle Tri as sic cono donts
have also been iden ti fied by M. Or chard (pers comm, 2007) 
from lime stone interbedded with fine-grained siltstone and
volcaniclastic rocks ex posed along the Swift River, in NTS
map area 093B/16.
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Fig ure 2. Map of the west ern mar gin of the Naver pluton, mod i fied af ter Massey et
al. (2005) and based on 2008 field work. The in set shows the full ex tent of the Naver
pluton and its re la tion ship to the bound aries sep a rat ing the Nicola Group, the
Crooked am phi bo lite and the Snow shoe Group.



VOLCANICLASTIC UNIT (TNV)

The volcaniclastic unit is dom i nated by green- or or -
ange-weath er ing con glom er ate with boul der- to gran ule-
size vol ca nic and subvolcanic clasts. Con glom er ate is
interbedded with finer-grained re worked de pos its of lithic
and crys tal sand stone and siltstone, and lesser fine cherty
sed i men tary rocks. The sand stone and siltstone are well
sorted and com monly dis play nor mal grad ing. These
epiclastic units are interlayered with coarse pyroxene-
phyric±pyroxene-plagioclase–phyric ba saltic brec cia
flows and hyaloclastite deposits.

This unit is cor re la tive with sim i lar rocks to the south -
east that have yielded Mid dle–Late Tri as sic cono donts (M.
Or chard, pers comm, 2007). The mag netic sus cep ti bil ity
val ues in this area are low, while cor re la tive pyroxene-
phyric volcaniclastic rocks lo cated south east of the study
area (NTS 093G/01 and 093B/16) have mod er ate–high
mag netic sus cep ti bil ity and a dis tinc tive geo phys i cal sig -
na ture on regional aeromagnetic maps.

Jurassic Mafic Intrusion

An elon gate, north west-trending mafic-ultra mafic
com pos ite in tru sion crops out within the Nicola Group in
the south west cor ner of the study area (Fig ure 2). The in tru -
sion con sists mainly of com min gling melanocratic and
leucocratic phases of gab bro, pyroxenite and hornblendite;
with lesser por phy ritic bi o tite quartz diorite and fel sic
segregations. The in tru sion is sheared, cut by nu mer ous
brit tle north west-trending faults and has been ex ten sively
al tered to chlorite, epidote and ser pen tine. Metasomatic al -
ter ation has pro duced decimetre-wide sec tions of rock con -
tain ing 75–85% coarse bi o tite and chlorite. The base- and
pre cious-metal con tent of the intrusion is low (Kowal -
chuck, 1988).

Sim i lar mafic com plexes are pres ent in the Cot ton -
wood map area (Lo gan, 2008) and far ther south in the
Canim Lake area (Schiarizza and Macauley, 2007). Ra dio -
met ric crys tal li za tion and cool ing ages from these com -
plexes span the Early Ju ras sic (Sinemurian–Pliensbachian) 
from 192 to 183 Ma (Schiarizza and Macauley, 2007; T.
Ullrich, pers comm, 2008).

Naver Pluton

The Naver pluton is a com pos ite body in clud ing an
undeformed east ern and south ern part and a de formed
west ern part. Ra dio met ric dat ing of the undeformed parts
of the pluton has yielded U-Pb crys tal li za tion ages of
113 Ma and K-Ar bi o tite cool ing ages of 107–98 Ma (Struik 
et al., 1992). A sam ple of the de formed west ern mar gin was
col lected and sub mit ted to the Pa cific Cen tre for Iso to pic
and Geo chem i cal Re search at The Uni ver sity of Brit ish Co -
lum bia for U-Pb and 40Ar/39Ar dating. Results are pending.

NAVER II PLUTON

Most of the Naver pluton is, as de scribed by Struik et
al. (1992), undeformed orthoclase-megacrystic bi o tite
gran ite–granodiorite with a vari able tex ture from equigran -
ular to megacrystic. Bi o tite is con tained through out, lo cally 
ac com pa nied by mus co vite or hornblende ad ja cent to con -
tacts, with lo cal al ter ation of hornblende, bi o tite and
plagioclase. This part of the body in cludes the east ern two-
thirds of the main subspherical north ern part, and the elon -

gate tail that cuts across terrane bound aries (Fig ure 2). We
re fer to this as the Naver II pluton.

NAVER I PLUTON

The Naver I pluton is an elon gate, fo li ated body oc cu -
py ing the north west part of the com pos ite Naver pluton. It
trends par al lel to strike and is trun cated by the Naver II
pluton at its south ern end. Its west ern mar gin is a
gradational zone tens of metres wide com pris ing coun try
rock mixed with sheets of gran ite and peg ma tite, which are
com monly ap prox i mately par al lel to fo li a tion (Fig ure 3a).
The per cent age of coun try rock de creases east ward across
the tran si tion zone, but elon gate strike-par al lel in clu sions
are com mon at a va ri ety of scales through out the body. The
fo li a tion in screens of coun try rock is con sis tently ori ented
par al lel to that out side the pluton. These fea tures sug gest
the Naver I pluton grew by the pro gres sive in tru sion of
dikes whose orientation was influenced by foliation planes.

Rocks of the Naver I pluton are de formed bi o tite
granodiorite that have un der gone recrystallization and
grain-size re duc tion. Large K-feld spar crys tals up to 1.5 cm 
are lo cally pre served, but porphyroclasts of K-feld spar and
plagioclase are typ i cally <5 mm in length. These porphyro -
clasts sit in a fine-grained, strained ma trix of quartz,
plagioclase, myrmekite, bi o tite and ac ces sory phases, with
sec ond ary chlorite and mus co vite. Lo cally, where the
pluton is well fo li ated and highly porphyroclastic, the rock
takes on the ap pear ance of augen gneiss. Bi o tite is the only
mafic sil i cate phase pres ent, and pri mary mus co vite is re -
stricted to rocks ad ja cent to in clu sions of the Snow shoe
Group. Here it is of ten con cen trated in thin gra nitic veins,
which some times also con tain gar net. Mus co vite and gar -
net are com mon in peg ma tite on the gradational west ern
mar gin of the pluton, where granitic sheets are intermixed
with country rock.

The bound ary be tween the Naver I and Naver II
plutons is con strained by field ob ser va tions, but the pre cise
lo ca tion shown in Fig ure 2 is in ferred from aero mag net ic
data. The ex tent to which aero mag net ic pat terns ac cu rately
de fine the bound ary will be tested dur ing the 2009 field sea -
son. The two-fold sub di vi sion adopted here is pre lim i nary;
fu ture work may show that it is an oversimplification.

STRUCTURAL GEOLOGY

Deformation of the Naver I Pluton

Gra nitic rocks be long ing to the Naver I phase are fo li -
ated and lineated (Fig ure 3b, c). The S-L fab ric is de fined
by aligned bi o tite crys tals, flat tened and elon gated quartz-
feld spar ag gre gates and quartz lenses. In most places the
fo li a tion (SNG) has a mod er ate dip to the south west and the
stretch ing lineation (LNG) pitches steeply, ap prox i mately
down the dip of the fo li a tion (Fig ure 4a). In a few lo ca tions
around the mar gins, steep foliations with anom a lous strikes 
were mea sured. Due to the lack of ex po sure, the re la tion -
ship be tween these fab rics and the dom i nant south east-
trending fab ric is un known, but in some of these lo ca tions
there are su per im posed lo cal ized fo li ated zones ori ented
close to av er age SNG.

There is a gen eral west ward in crease in the in ten sity of
de for ma tion within the Naver I body—de formed gran ite on 
the west ern mar gin forms slab by out crops par al lel to the
top o graphic slope (Fig ure 3b), whereas out crops far ther
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Fig ure 3. a) Out crop on the west ern mar gin of the Naver I pluton show ing rocks of the Snow shoe Group in truded by a gra -
nitic sheet, rock ham mer for scale. b) Fo li ated gran ite of the Naver I pluton forms slab by out crops, rock ham mer for scale.
c) Min eral lineation (LNG) de fined by aligned bi o tite and elon gate quartz-feld spar ag gre gates, viewed on the SNG sur face,
lens cap for scale. d) Two foliations dis play ing S-C re la tion ship on the west ern mar gin of the Naver I pluton. The shape
fab ric (SN) is cut by dis crete shear bands (SB); width of field of view is 20 cm e) Downdip min eral and in ter sec tion
lineations in the Snow shoe Group on the mar gin of the Naver I pluton, pen cil for scale. f) Fold of the dom i nant fab ric (SN)
in the Snow shoe Group on the mar gin of the Naver I pluton; its ax ial plane is par al lel to av er age SN. The gra nitic sheet
cuts SN, but is fo li ated par al lel to av er age SN, pen cil for scale. g) Gra nitic dike in truded into the Snow shoe Group on the
mar gin of the Naver I pluton. The dike cuts SN, but is it self fo li ated par al lel to SN, pen cil for scale. h) Gra nitic dike fo li ated
par al lel to SN in the Snow shoe Group host. This is cut by a thin gra nitic vein, which is folded. The ax ial planes of these
folds are par al lel to SN in the Snow shoe Group schist, pen cil for scale.



east are more mas sive and the fab ric is less well de vel oped.
On the west ern mar gin of the Naver I in tru sion, two fab rics
are lo cally de vel oped (Fig ure 3d). The S-L fab ric is cut by
dis crete shear bands, form ing S-C or S-C’ ge om e try. These
fab rics in di cate west-side-down (nor mal-sense) shear ing,
ap prox i mately par al lel to LNG. Nor mal-sense shear ing is
also in di cated by sigmoidal recrystallized tails on K-feld -
spar porphyroclasts. These fea tures sug gest the Naver I
body was de formed by a west-side-down (nor mal-sense)
sim ple or gen eral shear, which was concentrated on its
western margin.

Deformation of the Snowshoe and Nicola
Groups

DN

The dom i nant pla nar tec tonic fab ric (SN) in the Snow -
shoe and Nicola groups on the west ern mar gin of the Naver
I pluton dips mod er ately to steeply to the south west (Fig -
ure 4b). It is vari ably ex pressed as a con tin u ous, dis junc tive 
or crenulation cleav age and is typ i cally par al lel to
compositional lay er ing. A pla nar fab ric with the same ori -
en ta tion is de vel oped in the Slide Moun tain rocks. A min -
eral lineation (LN) is vis i ble in rocks that are suf fi ciently
coarse-grained, namely schist of the Snow shoe Group and
some parts of the vol ca nic Nicola Group. Wher ever ob -
served to gether, min eral lineations (LN) and in ter sec tion
lineations (LNI, in ter sec tion of SN with S0) are par al lel.
These lineations pitch at highly vari able (shal low–very
steep) an gles on SN from the south-southeast (Figure 3e).

Shear band cleav age (S-C’ fab ric), in di cat ing west-
side-down shear ing and ex ten sion along SN, is de vel oped in 
the Snow shoe Group close to its con tact with the Nicola
Group (around UTM Zone 10, 5917368N, 0537392E,
NAD 83). This is the only well-ex posed sec tion across the
con tact that was mapped and meta mor phic con trasts sug -
gest the two units are in nor mal fault con tact (see be low). It
is not known whether this pos tu lated fault passes north east
or south west of ultra mafic rocks where they are pres ent
along this boundary.

DN+1

Around the west ern mar gin of the Naver I pluton, close 
folds of SN, whose ax ial planes are ap prox i mately par al lel
to av er age SN, are de vel oped. Axes of these folds pitch
gently to steeply on SN from the south-south east. Some of
these folds are trun cated by gra nitic dikes of the Naver I
pluton (Fig ure 3f). Folds of SN are also lo cally de vel oped in
en claves of the Snow shoe Group within the Naver I pluton
where SN lies at a high an gle to SNG. Al though these folds
are clas si fied as FN+1 (Fig ure 4), they can plau si bly be in ter -
preted as re sult ing from pro gres sive DN rather than a
distinct episode of deformation.

DN+2

The youn gest duc tile struc tures rec og nized are
crenulations (FN+2), which plunge ap prox i mately downdip.
These crenulations are gen tle–open, with ax ial planes at a
high an gle to strike. Crenulations with these ori en ta tions
and char ac ter is tics post date the for ma tion of porphyro -
blasts of an da lu site and cor di er ite in the con tact au re ole;
this fold ing there fore post dates the in tru sion of the Naver II
pluton at 113 Ma. Larger-scale FN+2 fold ing is in ter preted to 
be re spon si ble for the sig nif i cant vari a tion in the ori en ta -
tion of SN across the area, as mea sured val ues of SN are

spread along a gir dle whose p-axis ap prox i mately co in -
cides with the ori en ta tion of FN+2 crenulation axes.

Relationship of Structures in the Naver I
Pluton to those in the Snowshoe and Nicola 
Groups

The pla nar fab ric (SN) in the Snow shoe Group and SNG

in the Naver I pluton have the same over all ori en ta tion.
Gra nitic dikes on the west ern mar gin of the Naver I pluton
typ i cally cut SN, but ex hibit a fo li a tion (SNG) that is par al lel
to SN (Fig ure 3g). This im plies that the strain that pro duced
S/LNG in the Naver I pluton is a sub set of the strain that pro -
duced S/LN in the Snow shoe Group. The Naver I and its
host were de formed to gether and dis play con gru ent ki ne -
matic in di ca tors. The sim plest in ter pre ta tion, adopted here,
is that each of these units re cords the same pe riod of west-
side-down sim ple or gen eral shear. It is pos si ble that this
de for ma tion was syn chro nous with the in tru sion of the
Naver I pluton; the pres ence of vari ably de formed, cross -
cut ting dikes (Fig ure 3h) is com pat i ble with, but not
diagnostic of, syntectonic intrusion.
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Fig ure 4. Equal-area lower-hemi sphere stereonet pro jec tions of
struc tural data from the west ern mar gin of the Naver I pluton and
ad ja cent rocks: a) data from the Naver I pluton; b) data from rocks
of the Snow shoe Group, Crooked amphibolite and Nicola Group
(black phyllite unit) ad ja cent to the west ern mar gin of the in tru sion.



The pla nar fab ric (SN) in the Nicola Group is par al lel to 
that in the Snow shoe Group, and crenulations of SN-1 are lo -
cally pre served in each. There is ev i dence in the re gion for
de for ma tion of the Snow shoe Group prior to the de po si tion
of the Nicola Group (McMullin et al., 1990), but ear lier
struc tures re stricted to the Snow shoe Group were not iden -
ti fied in the course of this study.

METAMORPHIC PETROLOGY

Regional Metamorphism

Rocks of the Nicola Group have un der gone re gional
greenschist-fa cies meta mor phism. This is man i fested in
chlorite-mus co vite-quartz-plagioclase as sem blages in
phyllitic metapelite of the black phyllite unit, and chlorite-
plagioclase (±epidote) as sem blages in metabasite of the
volcaniclastic unit. Bi o tite is ab sent from phyllite but is
pres ent, along with am phi bole, in calcsilicate be long ing to
TNV.

In con trast, gar net and bi o tite are widely dis trib uted in
metapelitic schist and micaceous quartz ite of the Snow shoe 
Group (this study; Struik et al., 1992), and the metapelite is
coarser-grained than its Tri as sic equiv a lents. Am phi bo lite
is also pres ent in the Snow shoe Group. All nonequant
meta mor phic min er als are aligned in the plane of SN in both
the Snow shoe and the Nicola groups.

The dif fer ence in meta mor phic grade be tween the
Nicola and Snow shoe groups is ex em pli fied by a se ries of
out crops west of the Naver I pluton (north east from UTM
Zone 10, 5917157N, 0537203E). Here, there is in ter mit tent 
ex po sure in a small stream gully for a cross-strike dis tance
of ap prox i mately 260 m. Chlorite-zone phyllite of the
Nicola Group is ex posed in the south west, whereas out -
crops of Snow shoe Group schist at the north east end of the
sec tion in clude the as sem blage kyan ite-staurolite-gar net-
bi o tite-mus co vite-chlorite(ret ro grade)-plagioclase-il men -
ite (Fig ure 5). No di rect P-T es ti mates have been ob tained
from these rocks, but schist with this as sem blage forms un -
der con di tions of ap prox i mately 650–700ºC and 6.5–8 kb
in metapelites of widely varying bulk composition.

The kyan ite zone metapelite ex hib its shear band cleav -
age (S-C’ fab ric) in di cat ing west-side-down (nor mal-
sense) shear ing. Over growth by kyan ite of sigmoidal fo li a -
tion traces be tween these shear bands at tests to a tem po ral
over lap be tween nor mal-sense shear ing and peak Barro -
vian metamorphism.

Given the large dif fer ence in meta mor phic grade over
a cross-strike dis tance of ap prox i mately 260 m, and the ev i -
dence for nor mal-sense shear ing in the am phi bo lite-fa cies
rocks, the Snow shoe Group–Nicola Group con tact is in ter -
preted as a nor mal fault/shear zone.

Contact Metamorphism

A con tact meta mor phic au re ole ex tends ap prox i mately 
1 km from the west ern bound ary of the Naver II pluton.
Here, the as sem blage cor di er ite-an da lu site-bi o tite-quartz-
plagioclase-il men ite is widely de vel oped in metapelitic
rocks of the black phyllite unit of the Nicola Group (Fig -
ure 6). Porphyroblasts of cor di er ite and an da lu site over -
grow the SN fo li a tion (lo cally a crenulation cleav age) with
no pre ferred ori en ta tion, giving rise to a hornfelsic texture.
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Fig ure 5. Pho to mi cro graphs of three rocks sam pled per pen dic u lar 
to the meta mor phic dis con ti nu ity at the Nicola Group–Snow shoe
Group bound ary; the rock shown in a) is sep a rated from the rock
shown in c) by a cross-strike dis tance of 260 m: a) greenschist-fa -
cies Nicola Group phyllite with chlorite- and mus co vite-rich ma trix
and small chlorite porphyroblasts; field of view = 1.5 mm; b)
phyllite/fine-grained schist with bi o tite- and mus co vite-rich ma trix
and small gar net crys tals; field of view = 3 mm; c) Snow shoe Group 
kyan ite-gar net schist with well-de vel oped shear bands; kyan ite
crys tals over grow sigmoidal de flec tions into west-side-down shear 
bands; field of view = 6 mm; the large change in meta mor phic
grade across this transect and the ev i dence for nor mal-sense
shear ing in the Snow shoe Group sug gests the Nicola Group–
Snow shoe Group con tact is a fault or shear zone.



Lim ited ex po sure ham pered iden ti fi ca tion of min eral
zones within the au re ole, but the cor di er ite-an da lu site
hornfelsic as sem blage con strains the pres sure at the time of
con tact meta mor phism and con se quently the depth of in tru -
sion.

Fig ure 7 is an equi lib rium pres sure-tem per a ture min -
eral as sem blage sta bil ity di a gram for a rock with the mea -
sured com po si tion of 08DMO36-393, a rep re sen ta tive
sam ple of hornfelsic metapelite (Ta ble 1). This was con -
structed in the ten-com po nent sys tem MnO-Na2O-CaO-
K 2 O - F e O - M g O - A l 2 O 3 - S i O 2 - H 2 O - T i O 2

(MnNCKFMASHT) us ing Theriak-Dom ino soft ware (de
Capitani and Brown, 1987) and the ther mo dy namic da ta -
base of Hol land and Powell (1990), ver sion 5.5, as sum ing
H2O sat u ra tion. The so lu tion mod els used are those given
in Tinkham and Ghent (2005) with two ex cep tions:
margarite was not con sid ered as a com po nent in white
mica, and the ter nary feld spar model of Hol land and Powell 
(2003) was used. A melt phase was not con sid ered. The di a -
gram shows that the min eral as sem blage cor di er ite-an da lu -
site-bi o tite-quartz-plagioclase-il men ite is sta ble over a
pres sure range of ap prox i mately 1.5–3 kb. As sum ing a typ -
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Fig ure 6. Pho to mi cro graph of cor di er ite-an da lu site hornfels from
the con tact au re ole of the Naver II pluton. Field of view = 6 mm. The
pre dicted sta bil ity field for this assemblage in this rock is shown in
Fig ure 7. Ab bre vi a tions: And, an da lu site; Crd, cor di er ite.

Fig ure 7. Min eral as sem blage sta bil ity di a gram for a rock with the com po si tion of 08DMO36-393: a hornfelsic 
sam ple of Tri as sic black phyllite. See text for de tails. The as sem blage cor di er ite-an da lu site-bi o tite-quartz-
plagioclase-il men ite, which is widely de vel oped in the con tact au re ole, is only sta ble be low ~3 kb. The sta bil -
ity field of kyan ite-gar net-bi o tite-mus co vite-plagioclase-quartz-il men ite is also shown. Al though the di a gram
is com po si tion-spe cific, the sta bil ity field of this as sem blage var ies lit tle in metapelite. Ab bre vi a tions: And,
an da lu site; Bi, bi o tite; Crd, cor di er ite; Chl, chlorite; Ctd, chloritoid; Grt, gar net; Ilm, il men ite; Kfs, K-feld spar;
Ky, kyan ite; Pl, plagioclase; Rt, rutile; Sill, sillimanite; WM, white mica; Zo, zoisite.



i cal crustal den sity, this means that the 113 Ma Naver II
pluton was intruded at a depth of approximately 10 km or
less.

This di a gram also places a con straint on the re gional
meta mor phism un der gone by Nicola Group phyllite prior
to the in tru sion of the Naver II pluton. As these rocks did
not de velop bi o tite, gar net or staurolite dur ing re gional
meta mor phism, the tem per a ture can not have ex ceeded ap -
prox i mately 510–540ºC (depending on pressure).

DISCUSSION

The in ter pre ta tions pre sented here are based on a small
dataset and are pre lim i nary. Nev er the less, the new ob ser va -
tions con tra dict pre vi ous work and re quire a re vised in ter -
pre ta tion of the Naver pluton and its con tact re la tions.

The main, youn ger part of the Naver pluton has a sim -
ple his tory. It was in truded into the up per crust at 113 Ma,
af ter de for ma tion and meta mor phism of sur round ing rocks, 
and cooled be low ap prox i mately 280ºC (the clo sure tem -
per a ture of bi o tite) by 107–98 Ma (Struik et al., 1992). It
cross cuts struc tures and places a min i mum age on ma jor
boundaries between units.

The older part of the Naver pluton lacks a con tact au re -
ole and does not cut across strike. In stead it was de formed
with mid dle-am phi bo lite–fa cies rocks that recrystallized in 
the mid dle crust. Nor mal-sense shear ing in the Snow shoe
Group over lapped with peak meta mor phism, and if the
same pe riod of nor mal-sense shear ing af fected the Naver I
pluton, it must also have been de formed and meta mor -
phosed un der the same conditions.

All the rocks in the area were ex humed to shal low lev -
els by 113 Ma. The dif fer ence in pres sure be tween the
Barrovian re gional meta mor phism in the Snow shoe Group
and the Buchan con tact meta mor phism pro vides an es ti -
mate of net ex hu ma tion of the Snow shoe Group be tween
the time of peak de for ma tion and the in tru sion of the Naver
II body. The dif fer ence is ap prox i mately 5 kb, im ply ing ap -
prox i mately 18 km of exhumation during this interval.

The Naver II pluton pro vides a lower age limit to the
de for ma tion in all units. It cross cuts the de for ma tion fab -
rics and the pos tu lated nor mal fault be tween the Snow shoe
and Nicola groups. Work is un der way to as cer tain the crys -
tal li za tion age of the Naver I pluton, but at this time the only 
ab so lute con straints are pro vided by the depositional ages
of the units them selves. The Ste Ma rie pluton, which was
in truded at 167 Ma, is post-tec tonic with re spect to the re -
gional fo li a tion in the sur round ing Nicola Group. It is
there fore likely that de for ma tion and meta mor phism in the
Nicola Group around the Naver pluton pre dated the in tru -
sion of the Ste Ma rie pluton. How ever, the pos si bil ity that,
as in the Cariboo Moun tains, meta mor phism and de for ma -
tion in the higher-grade rocks are youn ger than at shal lower 
structural levels (Reid, 2003) cannot be ruled out.

The Snow shoe Group–Nicola Group con tact is in ter -
preted as a nor mal fault or shear zone due to the large, dis -
crete con trast in meta mor phic grade and the pres ence of
nor mal-sense ki ne matic in di ca tors close to the con tact. No
ev i dence for thrust-sense shear ing was ob served. Snow -
shoe Group rocks re cord a higher meta mor phic grade than
the Nicola Group black phyllite along strike to the south -
east (Lo gan, 2008; Struik, 1988), and the pos si bil ity that
the con tact is a nor mal fault else where along this bound ary
is wor thy of in ves ti ga tion. This pos tu lated nor mal fault is
much older than sim i lar Ter tiary struc tures in south east BC
(Parrish et al., 1988) as it is trun cated by the Naver II
pluton. The only duc tile struc tures that are de mon stra bly
youn ger than 113 Ma are FN+2 folds, which postdate the
Naver II contact aureole.
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SiO2 56.79%

TiO2 1.10%
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LOI 4.66%
Total 99.28%
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fluorescence (XRF) major-
element analysis of
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Lithogeochemistry of the Spanish Mountain Gold Deposit, British Columbia 
(NTS 093A/11W)

by K. Paterson1, R.E. Lett and K.Telmer1

KEYWORDS: lithogeochemistry, al ter ation, Span ish
Moun tain, min eral de pos its, Au, Carlin-type de pos its, sed i -
ment-hosted dis sem i nated Au de pos its.

INTRODUCTION

The Span ish Moun tain min eral prop erty, lo cated in the
Cariboo re gion of cen tral Brit ish Co lum bia is ap prox i -
mately 6 km east of the com mu nity of Likely in NTS map
area 093A/11W (Fig ure 1). The de posit is hosted within a
metasedimentary pack age of the Quesnel Terrane that oc -
cu pies the hangingwall to the Eu reka thrust, a struc ture that
sep a rates the Quesnel Terrane of the Intermontane Belt
from the Kootenay Terrane of the Omineca Belt. The main
geotectonic frame work of the area in cludes the Cache
Creek, Quesnel, Slide Moun tain and Kootenay ter ranes
(Fig ure 2). Skygold Ven tures Ltd. cur rently owns 100% in -
ter est in the Span ish Moun tain prop erty and has been par -
tic i pat ing in the ex plo ra tion of the property since 2003.

Sed i ment-hosted vein-type de pos its along the Carlin
trend in Ne vada con tain >200 mil lion oz of Au (pro duc -
tion+re serves+re sources) and these de pos its ac count for a
large por tion of pro duc tion in the United States (Sillitoe,
2008). A sim i lar style of Au de pos its have also been dis cov -
ered in China, Rus sia, Mex ico, South east Asia and South
Amer ica (Lefebure et al., 1999) and it has been sug gested
that accreted ter ranes such as Quesnel and Stikine, with
base ment car bon ate rock types and as so ci ated in tru sive
events could host this type of sed i ment-re lated Au min er al -
iza tion (Poulson, 1996). The Span ish Moun tain prop erty is
de scribed as an orogenic- or sed i ment-hosted Au de posit
(Singh, 2008) based on the cal car e ous argillite hostrocks
with mi cro scopic Au, al ter ation style and tec tonic set ting.
Span ish Moun tain does not pos sess the same geo chem i cal
sig na ture as sed i ment-hosted Au de pos its de scribed by
Schroeter and Poulson (1996). To date, the only pathfinder
element identified is Au.

FIELDWORK

Field work was un der taken in June 2008, and con sisted
of a broad sam pling of bed rock lithological units iden ti fied
on the prop erty by Skygold Ven tures Ltd. (Singh, 2008).
Skygold de tected a neg a tive cor re la tion be tween Mg and

Mn within Au-bear ing rock types from an ex am i na tion of
their lithogeochemical data (Singh, 2008). In ter est lies in
in fer ring how the geo chem is try of Au-bear ing zones and
bar ren rock dif fer from each other and from those of pre vi -
ous sed i ment-hosted Au de pos its. With this in mind, 35 sur -
face out crop sam ples were ob tained, tar get ing Mg-Fe car -
bon ate-en riched sam ples of ten con tain ing sub stan tial
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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 Span ish Moun tain study area, cen tral BC.

Fig ure 2. Ge ol ogy of NTS map area 093A show ing the re la tion ship 
of host Quesnel Terrane to that of the Kootenay Terrane.

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/Fieldwork/Pages/default.aspx
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seri cite. The ma jor ity of sam ples col lected were of the more 
com pe tent wacke and siltstone units due to the em pha sis on
col lect ing unweathered sam ples to ob tain suit able ma te rial
for la ser ab la tion in duc tively cou pled–plasma mass spec -
trom e try (ICP-MS) anal y sis. How ever, hostrocks for the
ma jor ity of Au min er al iza tion are phyllite and argillite,
which are typ i cally deeply weath ered and ox i dized.
Skygold Ven tures Ltd. gen er ously do nated 18 ad di tional
sam ples of di a mond-drill core to sup ple ment the sur face
out crop sam ples. These sam ples pro vided ex am ples of rel -
a tively unoxidized bar ren and ore-grade spec i mens. Fig -
ure 3 shows the location of samples taken for geochemical
analysis and for preparation of thick and thin sections.

SAMPLE ANALYSIS

All rock sam ples were pre pared for geo chem i cal anal -
y sis at the BC Geo log i cal Sur vey (BCGS) Lab o ra tory in
Vic to ria, BC. Rock sam ples were first crushed to <2 mm us -
ing a jaw crusher fit ted with hard ened chro mium-steel
plates, then split into 100–200 g subsamples us ing a Jones
split ter. Subsamples were taken from the <2 mm ma te rial
for mill ing. A tung sten-car bide (W-C) ring and puck mill

was used to mill one subsample of the jaw-crushed ma te rial
for ma jor ox ide anal y sis, while a sec ond subsample for mi -
nor- and trace-el e ment anal y sis was pre pared us ing a
chrome-steel (Cr-Fe) ring and puck mill. A quartz sand was
milled be tween each sam ple to min i mize intersample con -
tam i na tion. Time and care were taken to choose fresh rock
sur faces, but due to the ex treme sur face ox i di za tion and ex -
ten sive het er o ge ne ity of vein ing within sam ples, milled
por tions may con tain mi nor built-in bias of cer tain el e -
ments (e.g., SiO2). Du pli cate sam ples were in serted to
mon i tor an a lyt i cal precision, and known rock standards
were added to measure accuracy.

A por tion of each milled sam ple was an a lyzed for ma -
jor ox ides at Global Dis cov ery Lab o ra to ries Ltd. (Van cou -
ver, BC) on a fused disk with a Siemens Model SRS 3000 x-
ray flu o res cence spec trom e ter. Haf nium, ni o bium and zir -
co nium (high field-strength el e ments) were also an a lyzed
by x-ray flu o res cence us ing a lith ium metaborate-
tetraborate pressed pel let and a Siemens SRS 3000 x-ray
flu o res cence spec trom e ter. Loss on ig ni tion (LOI) was also
de ter mined at 1100°C by Global Dis cov ery Lab o ra to ries.
Other subsamples of the Cr-Fe milled ma te rial were an a -
lyzed for 42 trace el e ments at Acme An a lyt i cal Lab o ra to -

ries (Van cou ver, BC) by hy dro flu oric-
perchloric-ni tric-hy dro chlo ric acid di ges -
tion fol lowed by a com bi na tion of in duc -
tively cou pled plasma–emis sion and mass
spec trom e try (ICP-ES and ICP-MS) as well
as for 37 ma jor and trace el e ments by a less
rig or ous aqua regia (HCl, HNO3, H2O) di -
ges tion fol lowed by ICP-MS. The sam ples
were also an a lyzed by Acme An a lyt i cal Lab -
o ra to ries for car bon ate C by hy dro chlo ric
acid di ges tion and Leco com bus tion. A fur -
ther set of subsamples was an a lyzed for 33
el e ments in clud ing Au and a se lec tion of
rare-earth el e ments by in stru men tal neu tron
ac ti va tion anal y sis (INAA). Se lected sam -
ples were an a lyzed for rare-earth el e ments at
Me mo rial Uni ver sity (St. John’s, NL) by so -
dium per ox ide sinter and ICP-MS. The ad -
van tage of us ing dif fer ent non de struc tive
and ex trac tion (to tal and par tial) meth ods for
an a lyz ing el e men tal con cen tra tions is that
the data pro duced should aid in de ter min ing
the most re li able an a lyt i cal method for a
given el e ment or Group of el e ments in fur -
ther re search. Ta ble 1 sum ma rizes de tec tion
lim its for el e ments an a lyzed by the different
me thods .  Twen ty- s ix  se l ec t ed  rock
specimens were sect ioned  at  the BC
Geological Survey and cut samples sent to
Vancouver Petrographics (Langley, BC) for
thin and thick section preparation.

GEOLOGY

Regional Geology

Gold min er al iza tion at Span ish Moun -
tain is hosted in metasedimentary rocks of
the Late Tri as sic to Early Ju ras sic Nicola
Group (Bloodgood, 1988) or its north ern
equiv a lent the Takla Group (Rees, 1987). In
the east ern part of the prop erty, these sed i -
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Fig ure 3. The Span ish Moun tain prop erty, with sam ple lo ca tions for petrographic
and geo chem i cal anal y sis high lighted. Wacke sur face trace pro vided by Skygold
Ven tures Ltd.



men tary rocks over lie the Mid dle Tri as sic black phyllite,
which forms the base ment Mem ber of the Quesnel Terrane.
The Mid dle–Late Tri as sic age con straint for the hostrocks
in the study area co mes from cono donts found in the vi cin -
ity of Quesnel Lake (Struik, 1983; Struik and Or chard,
1985). The Crooked am phi bo lite of the Late Pa leo zoic
Slide Moun tain Terrane (Schiarizza, 1989) sep a rates the
Quesnel Terrane to the west from the Kootenay Terrane in
the east. Ad ja cent to the Span ish Moun tain prop erty, the
Kootenay Terrane is com posed of Pa leo zoic meta -
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Element XRF AR� ICP-MS HF ICP-MS INAA REE Other

Units ppm ppm ppm ppm ppm %

Ag 0.002 0.1 5

Al 200 100

As 0.1 1 0.5

Au 0.0002 0.1 0.002

B 20

Ba 0.5 1 50

Bi 0.02 0.1

Be 1

Br 0.5

Ca 200 100 10000

Cd 0.01 0.1

Ce 1 3 0.14

Co 0.1 0.2 1

Cr 0.5 1 5

Cs 1

Cu 0.01 0.1

Dy 0.3

Ho 0.06

Er 0.24

Eu 0.2 0.18  

Fe 200 100 100

Ga 0.1 0.35  

Hf 0.1 1 0.39

Hg 0.005 1

Ho 0.06

Ir 0.005

K 200 100

La 0.5 0.1 0.5 0.18

Li 0.1

Lu 0.05 0.09

LOI 0.01

Mg 200 100

Mn 1 1

Mo 0.1 1

Na 20 10 100

Nb 3 0.1

Nd 5 1.1

Ni 0.1 0.1 20

P 10 10

Pb 0.01 0.1

Pr 0.11

Rb 0.1 15

S 400 1000

Sb 0.02 0.1 0.1

Sc 0.1 1 0.1

Se 0.1 3

Sm 0.1 0.8

Sn 0.1 200

Sr 0.5 1 500

Ta 0.1 0.5 0.42

Tb 0.2 0.08

Te 0.02

Th 0.1 0.1 0.2 0.08

Ti 10 1000

Tl 0.02

Tm 0.05

U 0.1 0.1 0.5

V 2 1

W 0.1 0.1 1

Y 3 0.1

Yb 0.2 0.41  

Zn 0.1 1 50

Zr 3 0.1

CO2 0.02

Fig ure 4. Al tered wacke dis play ing ox i dized Mg-Fe-rich car bon ate
(right of im age) and per va sive seri cite al ter ation that re sem bles sil -
ica flood ing (08KAP-02-04, UTM Zone 11, 604143 N, 5827859E,
NAD 83).

Fig ure 5. Typ i cal argillite with gra phitic frac ture sur face show ing
rusty weath ered py rite, Fe-Mg car bon ate and a dis placed and dis -
torted quartz vein (08KAP 04-07, UTM Zone 11, 604310N,
5828487E, NAD 83).

Ta ble 1. In stru men tal de tec tion lim its for el e ments de ter mined by
pressed pel let x-ray flu o res cence (XRF), aqua regia di ges tion–
ICP-MS (AR–ICP-MS), hy dro flu oric-perchloric-hy dro chlo ric-ni tric
acid di ges tion and com bi na tion of ICP-MS and ICP-ES (HF ICP-
MS) and in stru men tal neu tron ac ti va tion anal y sis (INAA). Rare-
earth el e ment (REE) and car bon ate car bon by LECO com bus tion.
De tec tion limit for a ma jor ox ide (e.g., SiO2, Al2O3) by fused-disc
XRF is 0.01%.



sedimentary rocks of the Snow shoe Group and the Quesnel
Lake orthogneiss. South west of Span ish Moun tain, the se -
quence grades stratigraphically up wards into a se quence of
vol ca nic wacke and as so ci ated volcanic rocks of the Nicola
Group (Bloodgood, 1988).

Property Geology, Alteration and
Mineralization

The host sed i men tary rocks for Au min er al iza tion and
al ter ation are cal car e ous argillite, siltstone and wacke.
North ern parts of the prop erty are dom i nated by fis sile
black, thin-bed ded argillite and siltstone with gra phitic
frac ture sur faces. Quartz veins are pres ent through out
argillite se quences with vari able char ac ter is tics: con tain ing 
py rite, car bon ate and rare ga lena; bar ren, highly de formed,
or rel a tively undeformed and fol low wavy bed ding sur -
faces. The vari a tion in quartz vein ge om e try and style dem -
on strate that fluid flow has been im por tant through out the
deformational his tory. Sur face out crops of the main zone
(Singh, 2008) are chiefly com posed of wacke, siltstone and
argillite se quences. The wacke is grey to buff white in col -
our with vari able amounts of dis sem i nated and well-
formed cu bic py rite that is gen er ally less than 5% of the
rock. The siltstone is grey to black col our, oc cur ring as thin
beds and rounded boudins within phyllitic mem bers. In the
main zone, there is also wide vari a tion in the char ac ter of
the quartz veins hosted in the more com pe tent wacke. It is
of note that quartz veins within this unit have his tor i cally
pro duced the high est Au as say val ues on the prop erty
(Singh, 2008). The siltstone and wacke have been in truded

by mi nor mafic dikes, which are al tered to a dark green col -
our and con tain Cr-rich mica. Sim i lar Cr-mica al ter ation
oc curs as subangular to an gu lar frag ments within the
wacke sequence. Figures 4 and 5 show examples of the
wacke and graphitic argillite.

Al ter ation on the prop erty con sists of ex ten sive iron
car bon ate, do lo mite and seri cite re place ment and oblit er a -
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Fig ure 6. Thin sec tion of siltstone dis play ing quartz veinlet in ter ac -
tion with rhombic car bon ate. In ter ac tions in clude ter mi na tion, de -
flec tion and in clu sion of quartz with or with out car bon ate
remobilization (drillcore sam ple, UTM Zone 11, 604544 N,
5828363E, NAD 83).

Table 2. Summary of selected statistics for major and trace elements in Spanish Mountain rock samples.
Abbreviations: ARMS, aqua regia digestion and ICP-MS; HFMS, hydrofluoric-perchloric-hydrochloric-nitric
acid digestion and ICP-MS/ICP-ES; INAA, instrumental neutron activation analysis; CO2 by HCl, digestion
and LECO combustion; LOI, loss on ignition; XRF, x-ray fluorescence.



tion of the ma jor ity of pri mary tex tures of all sed i men tary
units. Meta mor phism has re sulted in mul ti ple stages of Fe-
car bon ate and/or high-Mg do lo mite recrystallization that
give the rocks a knot ted ap pear ance. Ox i da tion of Fe-bear -
ing car bon ate and py rite has given the rocks a char ac ter is tic 
brown spot ted ap pear ance in many sur face ex po sures.
Mus co vite al ter ation is also ex ten sive through out the prop -
erty, oc cur ring as fine-grained seri cite, usu ally com pris ing
be tween 20 and 40% of the ma trix, but as high as 60% in
some sam ples. Py rite is ob served as fine-grained dis sem i -
na tions through out the wallrock, con cen trated in veins and
as euhedral cubes up to 2 cm. As many as three stages of py -
rite growth have been iden ti fied by the Uni ver sity of Tas -
ma nia (Singh, 2008), but are nearly impossible to
differentiate in hand sample.

PETROLOGY

Our petrographic anal y sis was de signed to rec og nize
pos si ble min er al iza tion vec tors as so ci ated with car bon ate
min er al ogy and to se lect sam ples for la ser ab la tion ICP-MS 
at the Uni ver sity of Vic to ria. Min eral iden ti fi ca tion by mi -
cro scopic ex am i na tion of thin sec tions has been com ple -
mented by x-ray dif frac tion of 12 sam ples at Global Dis -
cov ery Lab o ra to ries, Van cou ver. The ini tial ex am i na tion of 
the thin sec tions in di cates that car bon ate spe cies oc cur in
mul ti ple gen er a tions; as ir reg u lar porphyroblasts with lo -
cally remobilized grain edges, well-formed zoned and un -
zoned pris matic rhombs, and patchy in ter lock ing sec tions
in in tensely al tered rock types. Fig ure 6 shows a thin sec -
tion of an al tered siltstone. Study ing the dif fer ent styles of
car bon ate re place ment and ob ser va tions of car bon ate
microchemistry will pro vide us with insight into the
evolution of hydrothermal fluids responsible for wallrock
alteration.

LITHOGEOCHEMISTRY—PRELIMINARY
RESULTS

Re sults from whole-rock and trace-el e ment geo chem -
is try have been ob tained and an anal y sis of the data is in
prog ress. Pre lim i nary re sults are listed in Ta ble 2, to gether
with rock types as signed in the field. Ini tial ex am i na tion
con firms pre vi ous stud ies of the min er al iza tion: that Au-
bear ing sam ples have low val ues of As, Hg, Sb, Ba, Ag, Ba
and Tl, el e ments iden ti fied by Schroeter and Poulson
(1996) to be char ac ter is tic geo chem i cal sig na tures of sed i -
ment-hosted Au de pos its. This leads to the hy poth e sis that
the chem is try of min er al iza tion at Span ish Moun tain dif -
fers from that of the better-stud ied Carlin-trend de pos its.
By ob tain ing and an a lyz ing de tailed geo chem is try of the
hostrocks, the in trigu ing po ten tial ex ists in de vel op ing a
new model ex plain ing some of the unique char ac ter is tics of 
this sed i ment-hosted Au sys tem. Re fine ment of hostrock
types based on geo graphic and strati graphic dis tri bu tion
will be part of on go ing un der grad u ate the sis work to better
char ac ter ize al ter ation pat terns of this de posit. Ta ble 2 lists
mean, 95th per cen tile and max i mum val ues for se lected ma -
jor ox ides, mi nor and trace el e ments, LOI and car bon ate C
for sam ples clas si fied as wacke, siltstone and argillite. This
tri par tite clas si fi ca tion scheme may be re vised af ter more
de tailed petrographic anal y sis. The sta tis tics in Ta ble 2 re -
veal that wacke sam ples have higher SiO2, MgO, Ni, car -
bon ate C, Zn and As, whereas siltstone sam ples have higher 

Fe2O3, CaO, Cu and Au. Argillite samples have higher Pb,
Nb, Ba, La, Ag, S and Hg.

CONCLUSIONS

Pre lim i nary petrographic and geo chem i cal anal y sis of
sur face out crop and di a mond-drill core sam ples from the
Span ish Moun tain prop erty has revealed

· mul ti ple gen er a tions of car bon ate al ter ation min er als,
in clud ing ir reg u lar porphyroblasts with lo cally
remobilized grain edges, well-formed zoned and un -
zoned pris matic cal cite rhombs, and patchy in ter lock -
ing car bon ate min er als in intensely altered rocks;

· prin ci pal rock types host ing Au min er al iza tion at the
Span ish Moun tain de posit that dis play dis tinc tive ma -
jor ox ide, mi nor- and trace-el e ment chemistries; and

· a geo chem i cal sig na ture dis played by Span ish Moun -
tain rock types that dif fers from pre vi ously dis cov ered
sed i ment-hosted Au deposits.

Fur ther re search into why el e ments such as As, Hg and
Sb are in such low con cen tra tions in the Span ish Moun tain
de posit leads to the ex cit ing po ten tial of a new de posit
model for Au de pos its in BC.

Among tech niques that will be used to com plete a
study of al ter ation and lithogeochemistry are x-ray dif frac -
tion, rare-earth el e ment anal y sis by so dium per ox ide
sinter–ICP-MS and la ser ab la tion–ICP-MS anal y sis. Re -
sults and an anal y sis of the data will be re ported in the se -
nior au thor’s Uni ver sity of Vic to ria Hon ours BSc the sis. It
is an tic i pated that a de tailed anal y sis of hostrock geo chem -
is try and min er al ogy will pro vide a better un der stand ing of
Au min er al iza tion processes in the Spanish Mountain
deposit.
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Geology and Mineral Occurrences of the Murphy Lake Area,
South-Central British Columbia (NTS 093A/03)

by P. Schiarizza, K. Bell and S. Bayliss

KEYWORDS: Quesnel terrane, Nicola Group, Takomkane
batholith, Spout Lake pluton, Kamloops Group, Chil cotin
Group, cop per, mo lyb de num, gold

INTRODUCTION

The Takomkane Pro ject is a multiyear bed rock map -
ping pro gram ini ti ated by the Brit ish Co lum bia Geo log i cal
Sur vey in 2005. This pro gram is fo cused on Me so zoic arc
vol ca nic and plutonic rocks of the Quesnel terrane in the vi -
cin ity of the Takomkane batholith, which crops out in the
north ern Bonaparte Lake (NTS 092P) and south ern
Quesnel Lake (NTS 093A) map ar eas. Map ping dur ing the
2005 through 2007 field sea sons cov ered the Canim Lake,
Hendrix Lake and Tim o thy Lake map ar eas, and is sum ma -
rized by Schiarizza and Boulton (2006a, b), Schiarizza and
Macauley (2007a, b), Schiarizza and Bligh (2008) and
Schiarizza et al. (2008). Here, we pres ent pre lim i nary re -
sults from the fourth and fi nal year of map ping for the
Takomkane Pro ject, which was car ried out by a four-per son 
crew from mid-June to the end of Au gust 2008. This work
cov ers 950 km2 of gen er ally sub dued to pog ra phy en com -
pass ing parts of the Fra ser Pla teau and Quesnel High land
phys io graphic prov inces, in clud ing NTS map area
093A/03 and a small part of ad join ing area 093A/06 (Fig -
ure 1). This area is within the tra di tional ter ri to ries of the
North ern Secwepemc te Qelmucw and Esketemc First Na -
tions. Ac cess to most parts of the map area is eas ily
achieved via ex ten sive net works of log ging and for est ser -
vice roads that connect to Highway 97 at 100 Mile House,
Lac La Hache and 150 Mile House.

The Takomkane Pro ject builds on the geo log i cal
frame work es tab lished by the re con nais sance-scale map -
ping of Camp bell and Tip per (1971) and Camp bell (1978),
the met al lo gen ic stud ies of Fox (1975) and Barr et al.
(1976), and, more re cently, rel a tively de tailed map ping
pro grams by Panteleyev et al. (1996), Schiarizza and Is rael
(2001) and Schiarizza et al. (2002a–c). Our geo log i cal in -
ter pre ta tion of the Murphy Lake area also in cor po rates data
found in as sess ment re ports avail able through the BC Geo -
log i cal Sur vey’s As sess ment Re port In dex ing Sys tem
(ARIS), and air borne mag netic and ra dio met ric data from a
num ber of re cent sur veys funded by the Geo log i cal Sur vey
of Can ada, Geoscience BC and var i ous in dus try partners
(Carson et al., 2006a, b; Dumont et al., 2007).

REGIONAL GEOLOGICAL SETTING

The Takomkane Pro ject area is un der lain mainly by
rocks of the Quesnel terrane, which is char ac ter ized by a
Late Tri as sic to Early Ju ras sic mag matic arc com plex but
also in cludes late Pa leo zoic arc se quences and, in south ern -
most BC, late Pa leo zoic rocks of more oce anic as pect
(Mon ger et al., 1991). The Quesnel terrane oc curs along
most of the length of the Ca na dian Cor dil lera. It is flanked
to the east by as sem blages of Pro tero zoic to Pa leo zoic
siliciclastic, car bon ate and lo cal vol ca nic rocks of an ces tral 
North Amer i can af fin ity, but is com monly sep a rated from
these rocks by an in ter ven ing as sem blage of late Pa leo zoic
oce anic ba salt and chert as signed to the Slide Moun tain
terrane. The Cache Creek terrane, dom i nated by late Pa leo -
zoic and early Me so zoic oce anic ba salt, chert and lime -
stone, oc curs to the west of the Quesnel terrane and is gen -
er ally in ter preted as part of the ac cre tion-subduction
com plex that was re spon si ble for gen er at ing the Quesnel
mag matic arc (Travers, 1978; Struik et al., 2001). Al though
some tec tonic mod els de pict the Quesnel terrane as part of
an allochthonous crustal frag ment that was accreted to the
North Amer i can con ti nen tal mar gin in Early Ju ras sic time
(e.g., Mon ger et al., 1982), nu mer ous stud ies have dem on -
strated older strati graphic, prov e nance and geo chem i cal
link ages be tween North Amer i can rocks and those of the
Slide Moun tain and Quesnel ter ranes (Camp bell, 1971;
Klepacki and Wheeler, 1985; Schiarizza, 1989; McMullin
et al., 1990; Roback and Walker, 1995; Ferri, 1997; Erdmer
et al., 2001; Unterschutz et al., 2002; Thomp son et al.,
2006). One set of tec tonic mod els for mu lated to ex plain
these link ages, as well as ev i dence for re gional Permo–Tri -
as sic de for ma tion, has the Late Pa leo zoic arc of the
Quesnel terrane form ing on a crustal frag ment that sep a -
rated from an ces tral North Amer ica dur ing back-arc ex ten -
sion that pro duced the Slide Moun tain mar ginal ocean ba -
sin. This frag ment then re turned to prox im ity with the
con ti nen tal mar gin dur ing Permo–Tri as sic col lapse of the
Slide Moun tain ba sin, prior to for ma tion of the Me so zoic
arc that char ac ter izes the Quesnel terrane (Smith, 1979;
Schiarizza, 1989; Roback and Walker, 1995; Ferri, 1997;
Dostal et al., 2001). Thomp son et al. (2006) sug gested that,
in parts of south ern BC, there was lit tle or no sep a ra tion of
this west ern crustal frag ment from the con ti nen tal margin,
and that both the late Paleozoic and Mesozoic arc
sequences of the Quesnel terrane are therefore autoch -
thonous and were deposited above North American
continental crust.

In south ern and cen tral BC, the early Me so zoic arc of
the Quesnel terrane is rep re sented mainly by Mid dle to Up -
per Tri as sic vol ca nic and sed i men tary rocks of the Nicola
Group, to gether with abun dant Late Tri as sic to Early Ju ras -
sic calcalkaline and al ka line in tru sions (Schau, 1970;
Preto, 1977, 1979; Mortimer, 1987; Panteleyev et al.,
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Fig ure 1. Re gional geo log i cal set ting of the Takomkane Pro ject area, show ing the ar eas mapped in 2005, 2006, 2007
and 2008, as well as the area mapped dur ing the 2000–2001 Bonaparte Pro ject, and the Quesnel River–Horse fly map
area of Panteleyev et al. (1996). Stars de note lo ca tions of se lected ma jor min eral de pos its.



1996). The Nicola Group is char ac ter ized by vol ca nic and
vol ca nic-de rived sed i men tary rocks but also in cludes an
east ern sed i men tary fa cies of dark grey siltstone and slate
in ter ca lated with quartz ite and quartz sand stone (Blood -
good, 1990; Schiarizza et al., 2002a). The vol ca nic rocks
con sist mainly of augite-phyric ba salt and an de site that be -
long to a high-po tas sium to shoshonitic rock se ries, but
low-po tas sium calcalkaline vol ca nic rocks form a dis tinc -
tive west ern belt in south ern BC (Preto, 1977; Mortimer,
1987). Lower to Mid dle Ju ras sic sand stone and con glom er -
ate rest un con form ably above the Tri as sic suc ces sions at
scat tered lo cal i ties within the belt (Travers, 1978; Mon ger
and McMillan, 1989; Schiarizza et al., 2002a; Lo gan and
Mihalynuk, 2005a), and an as sem blage of Lower Ju ras sic
shoshonitic to calcalkaline arc vol ca nic rocks, as signed to
the Rossland Group, is a prom i nent com po nent of the
south east ern part of the terrane (Höy and Dunne, 1997).
These Lower Ju ras sic vol ca nic rocks oc cur well east of the
axis of Tri as sic arc magmatism, but rest above Triassic
sedimentary rocks that are correlated with the eastern
sedimentary facies of the Nicola Group.

The struc tural ge ol ogy of the Quesnel terrane in cludes
gen er ally poorly un der stood faults that ex erted con trols on
Late Tri as sic vol ca nic-sed i men tary fa cies dis tri bu tions and 
the lo cal iza tion of plutons and as so ci ated min er al iza tion
and al ter ation sys tems (Preto, 1977, 1979; Nel son and
Bellefontaine, 1996; Lo gan and Mihalynuk, 2005b;
Schiarizza and Tan, 2005). In cen tral and south ern BC,
east-di rected thrust faults and as so ci ated folds, of Permo–
Tri as sic and/or Early Ju ras sic age, are doc u mented within
the east ern part of the Quesnel terrane and the struc tur ally
un der ly ing rocks of the Slide Moun tain terrane (Rees,
1987; Struik, 1988a–c; Schiarizza, 1989; Ferri, 1997).
Youn ger struc tures in clude west- to south west-verg ing
folds, in part of early Mid dle Ju ras sic age, that de form the
east-di rected thrust faults (Ross et al., 1985; Brown et al.,
1986; Rees, 1987; Schiarizza and Preto, 1987), and prom i -
nent sys tems of Eocene dextral strike-slip and extensional
faults (Ew ing, 1980; Panteleyev et al., 1996; Schiarizza and 
Israel, 2001).

The Quesnel terrane is an im por tant met al lo gen ic
prov ince, par tic u larly for por phyry de pos its con tain ing
cop per, gold and mo lyb de num. The world-class High land
Val ley cop per-mo lyb de num por phyry de pos its oc cur in
calcalkaline plutonic rocks of the Late Tri as sic Guichon
Creek batholith (Casselman et al., 1995), which is hosted in
the west ern calcalkaline belt of the Nicola Group (Fig -
ure 1). Cop per-gold por phyry de pos its, such as the Mount
Polley and Afton mines, are as so ci ated with slightly youn -
ger, lat est Tri as sic al ka line plutons that are hosted by the
main belt of shoshonitic vol ca nic and volcaniclastic rocks
of the Nicola Group (Mortensen et al., 1995; Lo gan and
Mihalynuk, 2005a, b). Cospatial with these lat est Tri as sic
al ka line plutons is a belt of large, Early Ju ras sic calc -
alkaline plutons that in cludes the Takomkane, Thuya, Wild
Horse, Pennask and Bromley batholiths. These plutons lo -
cally host cop per-mo lyb de num±gold por phyry de pos its,
such as the past-pro duc ing Brenda mine (Weeks et al.,
1995) and the South east zone of the Woodjam prop erty
(this re port). Much youn ger calcalkaline plutons of mid-
Cre ta ceous age in trude the Quesnel and ad ja cent ter ranes,
and host por phyry mo lyb de num de pos its, in clud ing the
past-pro duc ing Boss Mountain mine (Soregaroli and
Nelson, 1976; Macdonald et al., 1995).

GEOLOGICAL UNITS

The dis tri bu tion of the main geo log i cal units within the 
Murphy Lake map area is shown on Fig ure 2, and sche -
matic ver ti cal cross-sec tions are pre sented on Fig ure 3. The 
bed rock ge ol ogy is dom i nated by Late Tri as sic to Early Ju -
ras sic vol ca nic, volcaniclastic and plutonic rocks of the
Quesnel terrane, but also in cludes two sub stan tial ac cu mu -
la tions of Eocene vol ca nic and sed i men tary rocks as signed
to the Kamloops Group. Ba salt of the Mio cene to Plio cene
Chil cotin Group is rep re sented by a few ex po sures in the
north west ern part of the map area, and two out li ers of Qua -
ter nary ba salt are mapped in the southeastern part of the
area.

The old est rocks of the Quesnel terrane com prise vol -
ca nic and sed i men tary rocks of the Late Tri as sic Nicola
Group, which crop out mainly in the west ern part of the
map area but also oc cur in two small ar eas near Tisdall Lake 
in the north east. The most areally ex ten sive units of the
Quesnel terrane are plutonic rocks, rep re sented mainly by
the al ka line Spout Lake pluton and the calcalkaline
Takomkane batholith. Smaller in tru sive units in clude an
ultra mafic-mafic com plex lo cated north of Tisdall Lake,
two stocks of coarse plagioclase por phyry west of Wood -
jam Creek and a small monzonite plug south of the
McIntosh Lakes.

Nicola Group

The Nicola Group, orig i nally named for ex po sures on
the south side of Nicola Lake (Dawson, 1879), com prises a
di verse as sem blage of Mid dle and Up per Tri as sic vol ca nic,
volcaniclastic and sed i men tary rocks that crop out over a
broad area in south-cen tral BC. The name is ap plied to Tri -
as sic rocks in the Takomkane Pro ject area fol low ing Camp -
bell and Tip per (1971) and Panteleyev et al. (1996), al -
though the Tri as sic rocks in the Quesnel Lake map area
have also been re ferred to as Quesnel River Group (Camp -
bell, 1978) or Takla Group (Rees, 1987). The for mer term
has gen er ally been su per seded by Nicola Group, and the
lat ter con tin ues to be ap plied to Tri as sic rocks in cen tral and 
north ern BC that cor re late with the Nicola Group (e.g., Nel -
son and Bellefontaine, 1996; Schiarizza and Tan, 2005).

On Fig ure 4, the Nicola Group in the Takomkane Pro -
ject area is sub di vided into four gen eral map units. The
east ern most rocks of the group, as signed to the Lemieux
Creek suc ces sion, com prise dark grey slate and siltstone
with lo cal in ter ca la tions of lime stone and quartz sand stone. 
These rocks pass west ward and struc tur ally up ward into a
broad belt of pyroxene- and feld spar-rich sed i men tary and
vol ca nic rocks re ferred to as the volcaniclastic suc ces sion.
The volcaniclastic suc ces sion in cludes sev eral in ter nal
units of coarse vol ca nic brec cia and pyroxene-phyric ba -
salt. One of these, at the top of the suc ces sion, is sep a rated
out on Fig ure 4 and re ferred to as the ba salt-brec cia unit.
This unit crops out mainly as a con tin u ous belt along the
east ern mar gin of the Takomkane batholith, but also oc curs
west of the batholith, where it forms the up per most part of
the volcaniclastic suc ces sion be tween Spout Lake and the
McIntosh Lakes. There, it is over lain by the fourth map
unit, which is re ferred to as the polylithic brec cia suc ces -
sion. This suc ces sion con sists mainly of polylithic brec cia
and con glom er ate with in ter ca lated feldspathic sand stone,
and is the uppermost unit of the Nicola Group exposed in
the Takomkane Project area.
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Fig ure 2. Gen er al ized ge ol ogy of the Murphy Lake map area, based mainly on 2008 field work.



The Nicola Group is not a ma jor com po nent of the
Murphy Lake map area, but sub stan tial ex po sures oc cur in
two lo cal i ties in the west ern part of the area, south of the
McIntosh Lakes and west of Woodjam Creek (Fig ure 2).
The ex po sures south of the McIntosh Lakes com prise rocks 
of the volcaniclastic suc ces sion over lain to the east-north -
east by the ba salt-brec cia unit. The ba salt-brec cia unit is in
turn over lain by the polylithic brec cia suc ces sion in an iso -
lated set of ex po sures on a low hill east of the south ern lake.
The north west-dip ping in ter val west of Woodjam Creek
com prises rocks of the polylithic brec cia suc ces sion, which 
is sub di vided into a lower unit of mainly coarse brec cia and
con glom er ate, and an up per unit dom i nated by feldspathic
sand stone. Nicola Group rocks else where in the Murphy
Lake map area in clude ex po sures near Tisdall Lake that are
as signed to the ba salt-brec cia unit, and an ex po sure south
of Murphy Lake, be tween the Spout Lake pluton and the
Takomkane batholith, that is in cluded in the polylithic brec -
cia suc ces sion.

VOLCANICLASTIC SUCCESSION

The volcaniclastic suc ces sion is rep re sented by a nar -
row belt of ex po sures south of the McIntosh Lakes. Here,
the suc ces sion con sists mainly of vol ca nic brec cia (Fig -

ure 5), with lo cal in ter ca la tions of mas sive to thin-bed ded
sand stone. The brec cia is mainly me dium to dark green or
grey ish green, and weath ers rusty brown to green ish
brown; lo cally, how ever, the frag ments weather to a va ri ety
of colours, mainly in shades of green, grey and ma roon, im -
part ing a mot tled col our to the rock. Frag ments are mainly
feld spar- and feld spar-pyroxene–phyric ba salt, but the clast 
pop u la tion also in cludes aphyric vol ca nic rock, feld spar-
hornblende-pyroxene–phyric ba salt or an de site, and lime -
stone. The frag ments com monly range from a few milli -
metres to a few centi metres in size, but lo cally are more
than 10 cm across. They are typ i cally an gu lar to sub -
rounded, poorly sorted and ma trix sup ported. The ma trix
con sists of sand-size grains of feld spar, ac com pa nied by a
smaller proportion of mafic minerals and dark volcanic-
lithic grains.

The brec cia of the volcaniclastic suc ces sion is mas sive
to vaguely strat i fied, and was prob a bly de rived from mass-
flow de pos its. Lo cally, thick brec cia units are sep a rated by
nar row in ter vals, only a few tens of centi metres wide, of
thin-bed ded feldspathic sand stone and siltstone. The suc -
ces sion also in cludes thicker units of mas sive sand stone, as
rep re sented by a sin gle iso lated ex po sure of dark green,
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Fig ure 3. Sche matic ver ti cal cross-sec tions along the lines shown in Fig ure 2. See Fig ure 2 for leg end.
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Fig ure 4. Sim pli fied ge ol ogy of the en tire 2005–2008 Takomkane Pro ject area, show ing ma jor sub di vi sions of the Nicola Group and lo ca -
tions of iso to pi cally dated sam ples of plutonic rocks. Leg end for Ter tiary and Qua ter nary units shown in Fig ure 2.



rusty-brown–weath ered, coarse-grained feldspathic sand -
stone in its up per part, west of Tillicum Lake.

The volcaniclastic suc ces sion is not dated within the
Murphy Lake map area. Cor re la tive rocks to the south in -
clude a prom i nent lens of lime stone, 10 km south east of Lac 
La Hache, that has yielded fos sils of Late Tri as sic, prob a bly 
Norian age (Camp bell and Tipper, 1971).

BASALT-BRECCIA UNIT

The ba salt-brec cia unit con sists of pil lowed to mas sive
ba salt and ba salt brec cia, char ac ter ized by abun dant, coarse 
pyroxene pheno crysts. It is well ex posed on the hills and
ridges south of the McIntosh Lakes, where it is un der lain by 
the volcaniclastic suc ces sion and over lain by the polylithic
brec cia suc ces sion (Fig ure 3, sec tion A). It also oc curs
north east of Tisdall Lake and as a thin screen be neath
Eocene cover on the mar gin of the Takomkane batholith,
southwest of the lake.

The ba salt-brec cia unit south of the McIntosh Lakes is
dom i nated by dark green, brown ish-weath ered, mas sive to
pil lowed ba salt. The ba salt typ i cally com prises 10–30%
pyroxene pheno crysts, 2–8 mm in size, and smaller but
equally or more abun dant feld spar pheno crysts, in a fine-
grained, vari ably epidote-cal cite-chlorite–al tered ground -
mass. Amygdules of epidote and/or cal cite are com mon lo -
cally, and vari oles were noted rarely in some ex po sures of
pil lowed ba salt. Ir reg u lar veins and patches of cal cite-
epidote are a com mon fea ture, particularly in pillowed
units.

Me dium to dark green, green ish-brown to rusty-brown 
weath ered vol ca nic brec cia is a sub or di nate but sig nif i cant
com po nent of the ba salt-brec cia unit south of the McIntosh
Lakes, and makes up most of the unit in the two ex po sure
belts near Tisdall Lake. Frag ments are an gu lar to
subrounded, and com monly range from less than 1 cm to
8 cm in size, al though some ex po sures in clude frag ments
that are more than 20 cm across. The frag ments con sist
mainly of pyroxene- and pyroxene-feld spar–phyric ba salt,
al though clasts of lime stone, pyroxenite and vol ca nic sand -
stone oc cur lo cally. There may be con sid er able tex tural
vari a tion among ba salt frag ments, mainly with re spect to
size, abun dance and pro por tion of pheno crysts, but most
are char ac ter ized by coarse pyroxene pheno crysts that
com monly range up to 8 mm in size (Fig ure 6). The frag -

ments are typ i cally sup ported in a ma trix made up of sand-
to granule-size grains of mainly pyroxene and feldspar.

Pyroxene-feld spar sand stone and gritty sand stone is a
rel a tively mi nor com po nent of the ba salt-brec cia unit in the
Tisdall Lake area. It ei ther forms mas sive units that have in -
dis tinct con tacts with en clos ing brec cia, or nar row thin-
bed ded in ter vals up to a few metres thick. Dark grey, rusty-
weath ered, lam i nated to thin-bed ded siltstone forms an in -
ter val at least 10 m thick that was traced for 1.3 km within
the ba salt-brec cia unit south of the McIntosh Lakes.

POLYLITHIC BRECCIA SUCCESSION

The polylithic brec cia suc ces sion crops out mainly in
the north west cor ner of the map area, where it forms a
north-north west-dip ping panel that is sub di vided into a
lower unit of mainly coarse brec cia and an up per unit of
mainly feldspathic sand stone with lo cal in ter ca la tions of
brec cia and con glom er ate (Fig ure 2). A few ex po sures of
polylithic brec cia also oc cur east of the McIntosh Lakes,
and dem on strate the strati graphic po si tion of the polylithic
brec cia suc ces sion, above the ba salt-brec cia unit. A sin gle
ex po sure of hornfelsed, thin-bed ded sand stone, siltstone
and skarn, lo cated be tween the Spout Lake pluton and
Takomkane batholith south of Murphy Lake, is also in -
cluded in the polylithic brec cia suc ces sion. These rocks re -
sem ble thin-bed ded in ter vals within the polylithic brec cia
suc ces sion near the Nemrud skarn oc cur rence, along the
mar gin of the Takomkane batholith just south of the
Murphy Lake map area (Schiarizza and Bligh, 2008).

The brec cias of the polylithic brec cia unit have an
over all light to dark green or green ish grey col our, and
com monly weather to light shades of brown, green ish
brown or beige. They are typ i cally ma trix sup ported and
poorly sorted, with an gu lar to subrounded clasts that com -
monly range from a few milli metres to 6 cm in size, and are
lo cally as large as 12 cm. The clast pop u la tion is dom i nated
by fine-grained, equigranular to weakly por phy ritic
feldspathic rocks but also in cludes por phy ritic vol ca nic
clasts con tain ing vari able pro por tions of feld spar,
pyroxene and hornblende pheno crysts, and clasts of me -
dium-grained gab bro/diorite and monzodiorite (Fig ure 7).
The ma trix con sists mainly of feld spar with scat tered mafic
min eral grains. The feld spar is mainly plagioclase, but
com monly in cludes a sub stan tial pro por tion of pink ish
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Fig ure 5. Vol ca nic brec cia of the Nicola Group volcaniclastic suc -
ces sion, south of the McIntosh Lakes.

Fig ure 6. Vol ca nic brec cia with coarse pyroxene por phyry ba salt
frag ments, Nicola Group ba salt-brec cia unit, north of Tisdall Lake.



grains that may be K-feld spar and/or he ma tite-al tered
plagioclase. The polylithic brec cias are typ i cally mas sive,
but some ex po sures dis play weak strat i fi ca tion. Lo cally,
this strat i fi ca tion is ac cented by the in ter ca la tion of nar row
in ter vals of thin-bedded feldspathic sandstone, gritty
sandstone and siltstone.

The up per unit of the polylithic brec cia suc ces sion
con sists mainly of me dium- to coarse-grained, lo cally
gritty, feldspathic sand stone. It is mostly me dium green to
grey-green and weath ers rusty brown to light green ish
brown, but in some ex po sures is red to pur ple on weath ered
and fresh sur faces. The clastic feld spar grains are mainly
plagioclase, but com monly in clude pink ish K-feld spar
and/or hematitic plagioclase, which are at least in part the
prod ucts of al ter ation. Bed ding is ev i dent mainly as a pla -
nar platy to flaggy part ing, but thin to me dium beds are lo -
cally well de fined by dis tinct units of con trast ing grain size, 
rang ing from siltstone to gritty sand stone. Ma trix-sup -
ported peb ble to cob ble con glom er ate and con glom er atic
sand stone oc cur lo cally as thicker beds, and con tain clasts
that are sim i lar in com po si tion and texture to those in the
underlying breccia unit.

Vol ca nic rocks were not pos i tively iden ti fied within ei -
ther the up per or lower unit of the polylithic brec cia suc ces -
sion, but both units in clude ex po sures of fine-grained
feldspathic rock, lo cally with scat tered coarser grains of
feld spar and/or mafic min er als, of un cer tain or i gin. It is
sus pected that most of these are feldspathic sand stone and
gritty sand stone with tex tures ob scured by hornfels de vel -
op ment and/or al ter ation. How ever, some might be vol ca -
nic rocks and/or high-level dioritic to monzodioritic in tru s -
ions.

Rocks as signed to the polylithic brec cia suc ces sion in
the Murphy Lake map area are readily cor re lated with sim i -
lar rocks mapped to the south be tween Spout Lake and
Mount Tim o thy (‘polylithic brec cia’ and ‘red sand stone-
con glom er ate’ units of Schiarizza and Bligh, 2008). The
suc ces sion is in ferred to be Late Tri as sic be cause it sits
stratigraphically higher than the volcaniclastic suc ces sion,
which is dated re gion ally as Late Tri as sic, and is cut by the
Late Tri as sic Peach Lake stocks south east of Spout Lake
(Figure 4).

Plutonic Rocks of the Quesnel Terrane

SPOUT LAKE PLUTON

The Spout Lake pluton, of mainly monzodiorite to
monzonite com po si tion, crops out in the south west ern part
of the Murphy Lake map area. It mea sures at least 16 km
north-south by 9 km east-west, but the west ern and north -
ern lim its are ob scured by Qua ter nary drift. The pluton ap -
par ently in trudes the ba salt-brec cia unit and polylithic
brec cia suc ces sion of the Nicola Group along its south and
south east mar gins, and is cut by the School house Lake unit
of the Takomkane batholith to the north east, but none of
these con tacts are ex posed. The south ern part of the pluton
is lo cally over lapped by Eocene vol ca nic rocks of the
Kamloops Group.

Most ex po sures of the Spout Lake pluton con sist of
light-grey–weath ered, me dium- to coarse-grained, equi -
granular monzodiorite to monzonite. Mafic min er als com -
monly con sti tute 15–20% of the rock. The mafic com po -
nent is typ i cally clinopyroxene with lesser bi o tite, but some 
rocks con tain hornblende and bi o tite. Quartz is lo cally
pres ent as a mi nor con stit u ent, and ap a tite is con spic u ous in 
thin sec tions. Pla nar dikes of fine- to me dium-grained,
equigranular to por phy ritic monzonite, monzo diorite,
syenite and diorite are com mon, as are veins and ir reg u lar
patches of peg ma tite, rang ing from monzonite to granite in
composition (Figure 8).

Darker grey, coarse-grained, equigranular monzo -
gabbro forms a dis tinc tive unit within the east ern part of the 
Spout Lake pluton south of Murphy Lake. Mafic min er als
typ i cally form about 30% of the rock and con sist mainly of
clinopyroxene, with mi nor amounts of al tered ol iv ine ev i -
dent in thin sec tion. Clinopyroxenite lo cally forms ir reg u -
lar patches and lenses, up to 20 cm across, within the
monzogabbro, and dikes of monzodiorite, monzonite,
syenite and peg ma tite, sim i lar to those found else where in
the pluton, are com mon (Fig ure 9). Where ob served, con -
tacts be tween monzogabbro and the more typ i cal
monzodiorite are highly ir reg u lar, with no clear in di ca tion
of the rel a tive ages of the two units, al though xe no liths of
melanocratic gab bro that might be re lated to the mon zo -
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Fig ure 7. Brec cia of the Nicola Group polylithic brec cia unit, east of 
the McIntosh Lakes.

Fig ure 8. Monzodiorite of the Spout Lake pluton con tain ing a xe no -
lith of melanocratic gab bro and cut by a peg ma tite dike and a youn -
ger fine-grained monzonite dike, 3 km south of the west end of
Murphy Lake.



gabbro unit oc cur lo cally within the monzodiorite, as
shown in Figure 8.

A sam ple of fairly typ i cal monzodiorite col lected from
the south ern part of the Spout Lake pluton in 2007 yielded a
Late Tri as sic U-Pb zir con date of 203.6 ±0.3 Ma (Fig ure 4).
A sam ple of monzogabbro col lected from the east ern part
of the pluton in 2008 has also been sub mit ted for U-Pb dat -
ing, but the re sults are not yet available.

MONZONITE PLUG SOUTH OF THE
MCINTOSH LAKES

A small in tru sive plug, less than 1 km in di am e ter, cuts
the volcaniclastic suc ces sion of the Nicola Group south of
the McIntosh Lakes. It con sists of pink ish-brown–weath -
ered, me dium-grained, equigranular monzonite, con tain -
ing about 25% clinopyroxene and traces of hornblende and
bi o tite. Fine-grained monzodiorite forms part of the south -
east ern mar gin of the plug, and nar row dikes of fine-
grained syenite lo cally cut the main monzonite and
monzodiorite phases. The plug is un dated but may be re -
lated to the Spout Lake pluton and the monzodiorite to
monzonite stocks south of Peach Lake, two of which have
yielded Late Tri as sic U-Pb zir con dates of 204.0 ±0.4 Ma
and 205.0 ±0.3 Ma (Fig ure 4; Schiarizza and Bligh, 2008).

TAKOMKANE BATHOLITH

The Takomkane batholith is a large, com pos ite pluton
that mea sures 56 km north-south by 20–33 km east-west
(Fig ure 4). It cuts the Spout Lake pluton and sev eral dif fer -
ent units of the Nicola Group, and is it self cut by sev eral
Early Ju ras sic ultra mafic-mafic plutons and the Early Cre -
ta ceous Boss Moun tain Mine stock. Lo cally it is noncon -
formably over lain by vol ca nic suc ces sions of Eocene, Mio -
cene and Qua ter nary age. The Takomkane batholith
con sists of two ma jor sub di vi sions: the Late Tri as sic to
Early Ju ras sic Boss Creek unit and the Early Ju ras sic
School house Lake unit (Fig ure 4; Schiarizza and Boulton,
2006a). Both of these units are pres ent in the Murphy Lake
map area, as are two ad di tional mappable units: a quartz-
feld spar por phyry that is within the School house Lake unit;
and the Woodjam Creek unit, which is tex tur ally dis tinct
but compositionally sim i lar to the School house Lake unit,
and forms the northwestern part of the batholith.

Boss Creek Unit

The Boss Creek unit forms the north east ern part of the
Takomkane batholith, and un der lies a belt about 35 km long 
that ex tends south east ward from the east ern part of the
Murphy Lake area into the Canim Lake map area. Within
the Murphy Lake map area, it is well ex posed along sev eral
sets of ridges north of the Mof fat Lakes. It con sists mainly
of light grey, me dium- to coarse-grained, equigranular
quartz monzodiorite to granodiorite, lo cally grad ing to
quartz diorite and diorite. Mafic min er als typ i cally form
15–25% of the rock. These com monly con sist of horn -
blende with lesser amounts of bi o tite, but lo cally in clude
clinopyroxene, bi o tite and hornblende. Rounded xe no liths
of fine-grained dioritic rock are scat tered sparsely through
some ex po sures and, in one iso lated ex po sure south of the
east end of the Mof fat Lakes, me dium-grained diorite hosts
nu mer ous xe no liths of coarse-grained gabbro, diorite and
hornblendite.

Sam ples of bi o tite-pyroxene-hornblende quartz mon -
zo diorite from near the south ern and north ern lim its of the
Boss Creek unit have yielded U-Pb zir con dates of 202.5

±0.5 Ma and 199.6 ±0.3 Ma, re spec tively (Fig ure 4). A
sam ple of hornblende-bi o tite granodiorite col lected be -
tween these two sites has yielded a U-Pb zir con date of
199.5 ±0.3 Ma. These dates in di cate crys tal li za tion of the
Boss Creek unit at about the Tri as sic–Ju ras sic bound ary,
which has been placed at 199.6 ±0.7 Ma by Pálfy et al.
(2000).

School house Lake and Quartz-Feld spar Por -
phyry Units

The School house Lake unit is the main com po nent of
the Takomkane batholith, with ex po sures ex tend ing from
Mof fat Creek south ward 40 km to the south ern mar gin of
the batholith at Bridge Creek (Fig ure 4). It is re mark ably
ho mo ge neous through out this area, com pris ing light grey
to pink ish grey, coarse- to me dium-grained, hornblende-bi -
o tite granodiorite to monzogranite char ac ter ized by K-feld -
spar megacrysts up to 5 cm in size and, com monly, quartz
grains and ag gre gates up to 1 cm in size. Mafic min er als
typ i cally make up 10–20% of the rock, with hornblende
pre dom i nat ing over bi o tite. Vari a tions in com po si tion and
tex ture oc cur mainly along the mar gins of the unit, where
equigranular granodiorite and tonalite have been noted
locally.

Peg ma tite and aplite dikes, gen er ally less than 1 m
wide, are a wide spread but rel a tively mi nor com po nent of
the School house Lake unit. Thicker dikes of grey to pink
quartz por phyry and quartz-feld spar por phyry also oc cur;
in the Tim o thy Lake map area, these dikes were noted in
both the School house Lake unit and the ad ja cent Nicola
Group (Schiarizza and Bligh, 2008). In the Murphy Lake
map area, a north west-trending unit of quartz-feld spar por -
phyry, up to 1800 m wide, has been traced for 11 km within
the School house Lake unit on the north east side of Murphy
Lake. It con sists of quartz and K-feld spar pheno crysts in a
fine-grained sug ary groundmass of feld spar and quartz, ac -
com pa nied by rel a tively mi nor amounts of bi o tite and
hornblende. The pheno crysts are typ i cally 4–10 mm in size, 
but K-feld spar megacrysts are lo cally as large as 3 cm. We
sus pect that this unit is broadly re lated to the en clos ing
School house Lake unit, and of sim i lar Early Ju ras sic age.
This in ter pre ta tion will be tested with U-Pb dat ing of zir -
cons from a sample collected during the 2008 field season.

Geo log i cal Field work 2008, Pa per 2009-1 177

Fig ure 9. Monzogabbro con tain ing ir reg u lar patches of pyroxenite, 
Spout Lake pluton, south west of Murphy Lake.



Out crop dis tri bu tion within the Murphy Lake and
Hendrix Lake map ar eas sug gests that the con tact be tween
the School house Lake and Boss Creek units is ir reg u lar and
com plex (Fig ure 4). The con tact is not well ex posed, how -
ever, and the rel a tive ages of the two units have been es tab -
lished through iso to pic dat ing. The School house Lake unit
has yielded U-Pb zir con crys tal li za tion ages of 193.5
±0.6 Ma from a sam ple near Ruth Lake (Whiteaker et al.,
1998), and 195.0 ±0.4 Ma from a sam ple near Lang Lake
(Fig ure 4). These dates in di cate that the School house Lake
unit is youn ger than the Boss Creek unit by about 5 Ma.

Woodjam Creek Unit

The Woodjam Creek unit makes up the north west ern
part of the Takomkane batholith, where it is rep re sented by
good ex po sures on both sides of Woodjam Creek. It cuts the 
polylithic brec cia suc ces sion of the Nicola Group to the
west, and is over lain by Eocene vol ca nic and sed i men tary
rocks to the east. It is also in con tact with un dated plugs of
feld spar por phyry and feld spar-pyroxene por phyry along
its west ern mar gin, but rel a tive ages have not been es tab -
lished. The con tacts be tween the Woodjam Creek unit and
the Boss Creek and School house Lake units are ob scured
by large ar eas of Eocene and Quaternary cover.

The Woodjam Creek unit con sists mainly of light grey,
light pink ish-grey to white weath ered, hornblende-bi o tite
granodiorite, monzogranite, quartz monzonite and quartz
monzodiorite. This range in rock names does not re flect a
wide compositional range for the unit, but rather a fairly re -
stricted range of com po si tions that plot near the mu tual
con tact point of these four fields on a QAP di a gram. Tex tur -
ally, the rocks are iso tro pic, me dium to coarse grained and
gen er ally equigranular, al though some ex po sures fea ture
K-feld spar and hornblende grains, up to 1 cm long, that are
coarser than other min eral grains. Mafic min er als, mainly
hornblende with rel a tively mi nor amounts of bi o tite, com -
monly form 10–15% of the rock. Dikes of aplite, peg ma tite
and quartz-feld spar por phyry are a wide spread but vol u -
met ri cally minor component of the unit.

The Woodjam Creek unit re sem bles the School house
Lake unit, but gen er ally has less quartz and does not con tain 
the large K-feld spar megacrysts that char ac ter ize the lat ter
unit. Lo gan et al. (2007) re ported that hornblende from a
sam ple col lected on the west side of Woodjam Creek
yielded a well-de fined Ar/Ar cool ing age of 193.0 ±1.2 Ma, 
which they in ter preted as an ap prox i mate crys tal li za tion
age. This date sug gests a tem po ral re la tion ship be tween the
Woodjam Creek and School house Lake units. A sam ple
col lected from the east side of Woodjam Creek dur ing the
2008 field sea son has been sub mit ted for U-Pb dat ing of
zir cons to fur ther eval u ate the crystallization age of the
unit.

TISDALL LAKE ULTRAMAFIC-MAFIC
COMPLEX

The Tisdall Lake com plex com prises ultra mafic and
mafic plutonic rocks that crop out on the north east side of
Tisdall Lake. These rocks in trude the Nicola Group ba salt-
brec cia unit to the north east, and are over lain be Eocene
vol ca nic rocks to the south. They are in ferred to in trude the
Boss Creek unit of the Takomkane batholith be neath the
Eocene cover (Fig ure 3, section D).

East ern ex po sures of the Tisdall Lake com plex com -
prise com plex mix tures of dark green, coarse-grained
hornblende clinopyroxenite; me dium- to coarse-grained

melanocratic gab bro; grey, me dium-grained diorite; and
light grey, fine- to me dium-grained leucodiorite. The
hornblende clinopyroxenite, which con tains ac ces sory bi o -
tite and mag ne tite, is the old est phase pres ent and forms ir -
reg u lar patches rang ing from less than 1 m to more than
10 m across. Melanocratic gab bro forms smaller patches
that have sharp to gradational con tacts with the clinopyr -
oxenite. Mafic min er als make up 40–80% of the gab bro and 
in clude clinopyroxene, hornblende and mi nor bi o tite. Vari -
a tions in modal com po si tion are typ i cally com plex and ir -
reg u lar, but rare patches dis play modal lay er ing. Grey
diorite dom i nates large ar eas of out crop, and also oc curs as
dikes cut ting clinopyroxenite and gab bro. Leucodiorite oc -
curs as nar row dikes and ir reg u lar veins cut ting all other
rock types, and lo cally forms the ma trix of in tru sion brec cia 
that con tains xenoliths of clinopyrox enite, gabbro and
diorite (Figure 10).

West ern ex po sures of the Tisdall Lake com plex con sist 
mainly of grey, me dium- to coarse-grained, equigranular
diorite. The diorite lo cally en com passes patches of less ho -
mo ge neous, varitextured diorite to gab bro, and lo cally con -
tains xe no liths of clinopyroxenite and melanocratic gab -
bro. Peg ma titic quartz monzodiorite forms dikes and
ir reg u lar patches within the dioritic rocks, and dom i nates
some ar eas along the north contact of the complex.

The Tisdall Lake com plex cor re lates with two sim i lar
ultra mafic-mafic plutonic com plexes that crop out along
the east ern mar gin of the Takomkane batholith far ther
south (Fig ure 4). These are re ferred to as the Hendrix Lake
com plex (Schiarizza and Macauley, 2007a) and the Iron
Lake com plex (Schiarizza and Boulton, 2006a). These
ultra mafic-mafic plutons are as signed Early Ju ras sic ages
based on iso to pic dat ing of the Iron Lake complex
(Figure 4).

STOCKS EAST OF WOODJAM CREEK

Two sep a rate stocks that cut the Nicola Group poly -
lithic brec cia suc ces sion along the west ern mar gin of the
Takomkane batholith, in the north west cor ner of the map
area, con sist of coarse plagioclase por phyry, par tially en -
vel oped by finer grained feld spar-pyroxene por phyry and,
lo cally, fine-grained hornblende-phyric diorite. The coarse
por phyry units are char ac ter ized by 30–40% plagioclase
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Fig ure 10. Hornblende clinopyroxenite, grey diorite and
leucodiorite of the Tisdall Lake ultra mafic-mafic com plex, north of
Tisdall Lake.



pheno crysts, com monly 6–10 mm long and lo cally up to
2 cm long, within an apha ni tic groundmass of ran domly
ori ented plagioclase microlites and fine opaque ma te rial
(Fig ure 11). Ovoid to ir reg u larly shaped green al ter ation
patches, from a few milli metres to 3 cm in size, are also a
com mon fea ture. They con sist mainly of actinolite and
epidote, lo cally ac com pa nied by feld spar and specularite.
Some of these look like amygdules, whereas oth ers ap pear
to rep re sent al ter ation of feld spar and mafic pheno crysts.
The finer grained por phyry along the mar gins of the stocks
com prises 50% feld spar and mafic pheno crysts, 1–6 mm in
size, within an apha ni tic groundmass. The mafic pheno -
crysts have a pyroxene habit, but are seen in thin sec tion to
be pale green am phi bole, pos si bly an al ter ation prod uct. Ir -
reg u lar patches and lenses of green, grey and red sand stone
oc cur lo cally within the finer grained por phyry near the
mar gin of the south ern stock, and are inferred to be screens
of hematite-altered country rock.

The plagioclase por phyry stocks cut the polylithic
brec cia suc ces sion of the Nicola Group, so are Late Tri as sic 
or youn ger. They may also be in con tact with the Woodjam
Creek unit of the Takomkane batholith, but con tact re la -
tion ships were not ob served. The stocks re sem ble some
coarse plagioclase-phyric flows within the Eocene
Kamloops Group (Schiarizza and Bligh, 2008), but are sus -
pected to be Me so zoic, in part be cause they dis play sig nif i -
cant epidote-chlorite-he ma tite al ter ation, typ i cal of
Mesozoic rocks in the area.

Kamloops Group

Eocene vol ca nic and sed i men tary rocks in the Quesnel
Lake map area were as signed to the Kamloops Group by
Camp bell (1978). The group un der lies sub stan tial ar eas in
the north ern and south west ern parts of the Murphy Lake
map area (Fig ure 2), where it con sists of mafic vol ca nic
flows and sub or di nate amounts of vol ca nic brec cia, con -
glom er ate and sand stone. These gently dip ping rocks rest
un con form ably above a num ber of dif fer ent Me so zoic
units, in clud ing the Nicola Group, the Spout Lake pluton,
the Takomkane batholith, and the Tisdall Lake ultramafic-
mafic complex (Figure 3).

The Kamloops Group in the Murphy Lake map area is
rep re sented in large part by dark grey, grey-brown to rusty-
brown weath ered, pyroxene-plagioclase–phyric ba salt or

an de site flows and re lated flow brec cia. Flows are typ i cally
mas sive to weakly co lum nar-jointed, but are fri a ble in
places due to per va sive platy frac tures. Ol iv ine-pyroxene–
phyric ba salt flows are also pres ent, and fine-grained,
aphyric an de site forms a sig nif i cant part of the suc ces sion
near Tisdall Lake. Ves i cles within the vol ca nic rocks are
com monly filled with chalcedonic quartz, cal cite or zeolite
minerals (Figure 12).

Sed i men tary in ter vals scat tered through out the vol ca -
nic suc ces sion con sist mainly of fri a ble, yel low-brown to
red weath ered peb ble con glom er ate, with lo cal in ter ca la -
tions of lithic wacke (Fig ure 13). The con glom er ate con -
tains mafic to in ter me di ate vol ca nic-lithic clasts, prob a bly
de rived from the Eocene suc ces sion, and lo cal chips of
woody ma te rial. Con glom er ate near the base of the Eocene
sec tion in the north ern out crop belt also in cludes gra nitic
clasts de rived from the un der ly ing Takomkane batholith,
and is in ter ca lated with quartz-feldspar sandstone and
gritty sandstone.

Chilcotin Group

The Chil cotin Group com prises flat-ly ing ba salt flows
and re lated rocks, of Early Mio cene to Early Pleis to cene
age, that are dis trib uted over much of the In te rior Pla teau of
south-cen tral BC (Bevier, 1983; Mathews, 1989; An drews
and Rus sell, 2007). The group is rep re sented by a few scat -
tered ex po sures in the north west cor ner of the Murphy Lake 
map area, where it is in ferred to rest un con form ably above
the Nicola Group and the Woodjam Creek unit of the
Takomkane batholith. These ex po sures com prise me dium
to dark grey, grey-brown to rusty-brown weath ered, vari -
ably ve sic u lar, fine-grained ba salt. A thin sec tion from one
of the ex po sures con sists mainly of plagioclase, clino -
pyroxene, ol iv ine and opaque min er als, ar ranged in a
subophitic tex ture. A Chil cotin ba salt sam ple col lected
from an ex po sure just west of the Murphy Lake map area,
near the south end of the McIntosh Lakes, yielded a Late
Mio cene K-Ar whole-rock date of 8.7 ±0.4 Ma (Mathews,
1989).

Quaternary Basalt

Flat-ly ing ba salt flows of prob a ble Qua ter nary age
over lie the School house Lake unit of the Takomkane
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Fig ure 11. Coarse plagioclase por phyry from stock west of
Woodjam Creek.

Fig ure 12. An de site with amygdules of chalcedonic quartz,
Eocene Kamloops Group, west of Tisdall Lake.



batholith in two sep a rate ar eas in the south east ern part of
the map area (Fig ure 2). The south ern out lier is lo cally well
ex posed along the creek that drains the south east end of
Cof fee Lake, where it is rep re sented by co lum nar-jointed
flows with a com bined thick ness of sev eral tens of metres.
Ex po sure is poor else where, al though suf fi cient to con firm
that it is these flows that gen er ate pro nounced pos i tive
anom a lies on aero mag net ic maps of the area. The ba salt is
dark grey, apha ni tic and, in part, weakly ve sic u lar. It con -
tains xeno crysts (±pheno crysts) of ol iv ine and nu mer ous
man tle and crustal xe no liths, gen er ally less than 5 cm
across but lo cally rang ing up to 12 cm in size. The man tle
xe no liths are mainly lherzolite. The crustal xe no liths show
a wide range of tex tures and com po si tions, and in clude
quartzofeldspathic gneiss, quartz diorite, diorite and
layered gabbro.

Ex po sures of sim i lar xe no lith-bear ing ba salt oc cur just 
to the east of the Murphy Lake map area, on Takomkane
Moun tain (Schiarizza and Macauley, 2007a), as well as to
the south, on and around Mount Tim o thy (Schiarizza and
Bligh, 2008). They are as signed a Qua ter nary age be cause,
on Takomkane Moun tain, the ba salt rests on a gla ci ated sur -
face, but the as so ci ated cin der cone has been sculpted by
sub se quent gla cial ac tion (Suther land Brown, 1958). These 
ba salt out li ers are prob a bly re lated to the Qua ter nary Wells
Gray vol ca nic field to the east (Hickson and Souther,
1984).

STRUCTURE

Out crop-scale struc tures within the Murphy Lake map
area con sist mainly of brit tle faults and frac tures that are
more com mon in Me so zoic rocks than in Eocene rocks of
the Kamloops Group. Rocks of the Nicola Group ba salt-
brec cia unit north of Tisdall Lake com monly dis play a
steeply dip ping, north west-strik ing schistosity, but pen e -
tra tive foliations else where are re stricted to rare, nar row,
local shear zones.

Nicola Group rocks south of the McIntosh Lakes ap -
par ently form a homoclinal suc ces sion that dips at mod er -
ate an gles to the north east (Fig ure 3, sec tion A), whereas
the panel of Nicola rocks ex posed west of Woodjam Creek
dips at mod er ate an gles to the north-north west (Fig ure 3,
sec tion B). The re gional sig nif i cance of these ori en ta tions
is dif fi cult to eval u ate be cause the ex po sures are iso lated
from other Nicola rocks by tens of kilo metres of plutonic
rock to the east, and ex ten sive Qua ter nary and Mio cene
cover to the west. Rocks of the ba salt-brec cia unit north of
Tisdall Lake dip steeply to the south west, which is con sis -
tent with their po si tion along the west edge of a thick panel
of Nicola rocks that gen er ally dips and faces to the south -
west above a basal con tact with the Crooked am phi bo lite
(Figure 4; Schiarizza and Macauley, 2007a, b).

Eocene rocks are flat ly ing to gently dip ping wher ever
bed ding ori en ta tions were ob served. Two north erly-
trending faults are in ferred to the south of Tisdall Lake from 
abrupt jux ta po si tions of flat-ly ing Eocene rocks against
rocks of the Takomkane batholith. The Eocene rocks are
ap par ently down-dropped be tween the faults in a small
graben struc ture. A north west-trending fault in the north -
west ern cor ner of the map area is like wise in ferred from an
ap par ent off set, down-dropped to the north, of the basal
Eocene con tact above the Takomkane batholith. This fault
may also be partly re spon si ble for a pro nounced jog in the
con tact be tween the batholith and the Nicola Group (Fig -

ure 2). Re lief on the basal Eocene con tact else where is in -
ferred to be due mainly to Eocene paleotopography.

Al though Eocene or youn ger faults are clearly pres ent,
many of the out crop-scale faults ob served within Me so zoic
units are in ferred to be pre-Eocene be cause these struc tures
are much more prev a lent in the older rocks. Steeply dip ping 
faults with north west, north and north east strikes are most
com mon. Top o graphic lin ea ments with these ori en ta tions
are also com mon but, with the ex cep tion of the mapped
Eocene or youn ger faults, none have been proven to be con -
trolled by major faults.

MINERAL OCCURRENCES

Me tal lic min eral oc cur rences are found mainly in the
south west and north west parts of the Murphy Lake map
area (Fig ure 14). Those in the south west are cop per show -
ings within the Spout Lake pluton. Those in the north west
in clude por phyry-style cop per-mo lyb de num-gold min er al -
iza tion within the Woodjam Creek unit of the Takomkane
batholith, as well as cop per-gold min er al iza tion within the
ad ja cent Nicola Group. Oc cur rences else where in the map
area in clude two show ings south west of Tisdall Lake that
are as so ci ated with the Boss Creek unit of the Takomkane
batholith, and a cop per oc cur rence within the School house
Lake unit of the batholith southwest of the Moffat Lakes.

Occurrences in the Spout Lake Pluton

CLEO (MINFILE 093A  044) AND BORY
(MINFILE 093A  063)

The Cleo and Bory show ings com prise mi nor amounts
of chal co py rite dis sem i nated in monzonite of the Spout
Lake pluton. The Cleo show ing is lo cated about 1.5 km
south of the west end of Murphy Lake and was dis cov ered
in 1971 dur ing ex plo ra tion on the Cleo claim group by Ni -
tro De vel op ment Inc. (Kirwin, 1971). The Bory show ings
are lo cated north and north east of the east end of Two Mile
Lake (Aulis, 1993). They are named af ter the Bory claim
group, which cov ered this area in the early 1970s (Suther -
land and Brown, 1971).
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Fig ure 13. Con glom er ate and con glom er atic sand stone, Eocene
Kamloops Group, east of Woodjam Creek.



MURPHY LAKE (MINFILE 093A  073)

The Murphy Lake oc cur rence is lo cated 2 km south -
west of Murphy Lake, within an area of com min gled
monzodiorite, monzonite and monzogabbro of the Spout
Lake pluton. Out crops in this area con tain scat tered, mi nor
oc cur rences of chal co py rite and bornite (Aulis, 1993), but
the most sig nif i cant min er al iza tion was dis cov ered dur ing a 
seven-hole di a mond-drill pro gram by Re gional Re sources
Ltd. and GWR Re sources Inc. in 1995 (von Guttenberg,
1996). Hole ML95-01 in ter sected 45 m of 0.20% Cu, and
hole ML95-06, drilled 115 m to the north, in ter sected 53 m
of 0.34% Cu and 0.04 g/t Au. These in ter sec tions were in -
ter preted as part of a steeply dip ping, north-strik ing min er -
al ized zone, 30–35 m in true width and open to depth and
along strike (von Guttenberg, 1996). Candorado Op er at ing
Com pany Ltd. drilled five ad di tional holes in 2004 (Ostler,
2005) and two holes in 2007 (Koffyberg, 2008). These pro -
grams con firmed wide spread, low-grade cop per val ues, but 
did not de fine any con tin u ous zones of ma jor min er al iza -
tion. One hole, ML04-1, was drilled be tween holes ML95-

01 and ML95-06, but did not in ter sect the mineralized zone
interpreted by von Guttenberg (Ostler, 2005).

Sul phide min er als at the Murphy Lake oc cur rence are
mainly py rite and chal co py rite, but lo cally in clude mi nor
amounts of bornite or mo lyb de nite. The sulphides oc cur
along frac tures, in K-feld spar veins and as dis sem i na tions.
Lo cally, in di a mond-drill hole ML95-06, chal co py rite oc -
curs in veins, 10–15 cm thick, with chlorite and quartz (von
Guttenberg, 1996).

SL (MINFILE 093A  113) AND ROVER

The SL and Rover oc cur rences com prise mi nor
amounts of dis sem i nated chal co py rite and bornite within
the south ern part of the Spout Lake pluton. The SL show ing 
(oc cur rence 2 of Janes, 1967) was dis cov ered in 1966 dur -
ing a pros pect ing pro gram by Coranex Ltd. that fol lowed
the dis cov ery of anom a lous cop per in silt sam ples dur ing a
re con nais sance geo chem i cal sur vey. This ini ti ated stak ing
of the Rover claim group and fol low-up ex plo ra tion that led 
to the dis cov ery of sev eral ad di tional mi nor oc cur rences.
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Fig ure 14. Min eral oc cur rences in the Murphy Lake map area. See Fig ure 2 for leg end.



The most sig nif i cant of these, oc cur rences 4 and 9 of Janes
(1967), are shown as the Rover show ing on Fig ure 14.
There has been lit tle sub se quent work on these show ings,
al though the SL oc cur rence was briefly men tioned by Vollo 
(1973) in a re port on geo phys i cal and geo chem i cal sur veys
over the SL claim group by Craigmont Mines Ltd., and
Aulis (1993) noted dis sem i nated chal co py rite at the Rover
show ing in a re port de scrib ing an exploration program on
the Two Mile Lake claim group by Regional Resources Ltd.

HARRISON CREEK

The Har ri son Creek oc cur rence, dis cov ered dur ing our 
2008 map ping pro gram, is lo cated in the east ern part of the
Spout Lake pluton, north of Murphy Lake. It com prises py -
rite, chal co py rite, mag ne tite and mal a chite within and
along quartz–epidote–K-feld spar veins that cut monzo -
diorite. A grab sam ple of this min er al ized vein ma te rial re -
turned 1671 ppm Cu, 1432 ppb Ag and 105 ppb Au
(Schiarizza et al., 2009, sample 08SBA-18).

Occurrences near Woodjam Creek

The area around Woodjam Creek has a pro tracted his -
tory of min eral ex plo ra tion, dat ing from at least the mid-
1960s, largely fo cused on the Megabuck and Takom (for -
merly WL) oc cur rences. Ex po sures of the polylithic brec -
cia suc ces sion and the west ern part of the Takomkane
batholith through out this area dis play mod er ate to in tense
epidote al ter ation, lo cally ac com pa nied by K-feld spar,
tour ma line, mag ne tite and cal cite. The known min eral oc -
cur rences are cur rently cov ered by two claim groups. The
Woodjam prop erty in the west was as sem bled by Wildrose
Re sources Ltd. in 1998 and cur rently is jointly owned by
Cariboo Rose Re sources Ltd. (40%) and Fjordland Ex plo -
ra tion Inc. (60%). It en com passes the Megabuck, Takom
and Spell bound oc cur rences, as well as the newly dis cov -
ered South east and Deerhorn zones. The area east of the
Woodjam prop erty is cov ered by the Mega ton claim group,
which was staked by H. Wahl and J. Brown-John in 1996
and en com passes the Megaton and South Road oc cur -
rences (Figure 14).

MEGABUCK (MINFILE 093A  078)

The Megabuck zone is lo cated near the north ern
bound ary of the Murphy Lake map area, 2.5 km west of the
Takomkane batholith. The few small out crops ob served
dur ing our 2008 field work com prise grey-green gritty
feldspathic sand stone cut by quartz veinlets that carry py -
rite and chal co py rite. A grab sam ple of min er al ized rock re -
turned 1431.92 ppm Cu, 29.27 ppm Mo and 1226 ppb Au
(Schiarizza et al., 2009, sam ple 08PSC-260). The host -
rocks are as signed to the up per unit of the Nicola Group
polylithic brec cia suc ces sion, as are good ex po sures of
sand stone, con glom er ate and brec cia lo cated about 1 km to
the east and south east. Small ex po sures of ba salt, be long -
ing to the Mio cene–Plio cene Chil cotin Group, oc cur 500 m
west of the mineralized outcrops.

The first drill ing on the Megabuck oc cur rence com -
prised two di a mond-drill holes by Exploram Min er als Ltd.
in 1974 (Cruz, 1974a). Sub se quent ex plo ra tion has in -
cluded di a mond-drill pro grams by Placer De vel op ment
Ltd. in 1983 and 1984, by Phelps Dodge Corp. in 1999, and
by Fjordland Ex plo ra tion Inc. from 2002 to 2007 (in part
sum ma rized by Pe ters, 2007). These pro grams have out -
lined a com plex but ap prox i mately tab u lar min er al ized

zone about 175 m thick that trends north east and dips about
45° to the south east (Pe ters, 2005, 2007). Drill-tested min -
er al iza tion has a 300 m strike length and ex tends 400 m
down dip; it is trun cated by min er al ized faults to the north -
east and east, but re mains open to depth and to the south -
west. No ta ble in ter sec tions from Fjordland’s 2004 drill ing
pro gram, de signed mainly to test the min er al iza tion at
depth, in clude 0.81 g/t Au and 0.12% Cu over 378 m in hole
04-32, and 0.77 g/t Au and 0.13% Cu over 397.5 m in hole
04-37 (Peters, 2005).

Min er al iza tion in the Megabuck zone con sists of chal -
co py rite, py rite and mi nor amounts of bornite, which oc cur
in sev eral gen er a tions of quartz and quartz-cal cite veins
and stockworks, and also as dis sem i na tions and along frac -
tures. Com plex al ter ation as sem blages in clude quartz, car -
bon ate, epidote, K-feld spar, mag ne tite, he ma tite, chlorite
and seri cite (Camp bell and Pent land, 1983; Pe ters, 2005).
The hostrocks have been in ter preted by some work ers as a
lay ered se quence of tuff, vol ca nic brec cia and vol ca nic-de -
rived sed i men tary rocks (e.g., Camp bell and Pent land,
1983), whereas oth ers have in di cated that the zone in cludes 
a sig nif i cant pro por tion of premineralization dioritic to
monzonitic in tru sive rocks (e.g., Pe ters, 2005, 2007). The
age of min er al iza tion is par tially con strained by an Ar/Ar
cool ing age of 163.67 ±0.84 Ma on bi o tite from a post -
mineralization quartz-feldspar porphyry dike (Logan et al.,
2007).

DEERHORN (MINFILE 093A  204)

The Deerhorn zone, lo cated about 1 km north east of
the Megabuck zone, com prises min er al iza tion that was en -
coun tered dur ing a 2003 di a mond-drill ing pro gram by
Fjordland Ex plo ra tion Inc., de signed to test an area of
anom a lous cop per in soils co in ci dent with an IP anom aly
that ex tends east-north east from the Megabuck zone. The
best min er al iza tion came from hole DH-03-30, which in -
ter sected a brec cia zone with quartz-car bon ate vein ing and
semimassive chal co py rite, grad ing 0.90% Cu and 42.3 ppb
Au over 15.4 m (Pe ters, 2004). Eval u a tion of this area is in
its early stages, but di a mond-drill hole WJ-06-70, 600 m
north east of hole DH-03-30, also en coun tered cop per min -
er al iza tion (Pe ters, 2007), as did two holes drilled on a sep -
a rate IP anom aly in 2008, about 1 km north of DH-03-30
(Cariboo Rose Resources Ltd., 2008).

SPELLBOUND (MINFILE 093A  205)

The Spell bound show ing is within hornfelsed sand -
stone of the polylithic brec cia suc ces sion near the con tact
of the Takomkane batholith, about 2.3 km east of the
Megabuck zone. It com prises mi nor amounts of chal co py -
rite and py rite in quartz stockworks within a broader area of 
tour ma line-epidote al ter ation. The min er al iza tion was dis -
cov ered by Noran da Ex plo ra tion Com pany Ltd. in 1992,
but has re ceived lit tle sub se quent at ten tion. A grab sam ple
col lected dur ing an ex plo ra tion pro gram by Fjordland Min -
er als Ltd. in 2001 re turned 1992 ppm Cu and 13 ppb Au
(Peters, 2002, sample V-9).

TAKOM (MINFILE 093A  206)

The Takom zone is 2.5 km south of the Megabuck
zone. Bed rock ex po sure is lim ited to a cou ple of old
trenches and road scrapes, and con sists of vari ably si lici -
fied and py ritic granodiorite to quartz monzodiorite that re -
sem bles the Woodjam Creek unit of the Takomkane
batholith. Small ex po sures of py rite-al tered brec cia oc cur a
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few hun dred metres east of the gra nitic out crops, and there
are good ex po sures of epidote±tour ma line–al tered brec cia
in a cut block about 700 m to the south. These brec cia ex po -
sures are as signed to the polylithic brec cia suc ces sion of the 
Nicola Group.

Exploram Min er als Ltd. tested the area with three di a -
mond-drill holes in 1974 and an other hole in 1977 (Cruz,
1974b, 1977). One of the holes, 74-3, in ter sected 1.3 g/t Au
and 0.13% Cu over a 10.7 m in ter val that also in cluded
1.5 m of 0.028% MoS2 (Carne, 1984). Fjordland Ex plo ra -
tion Inc. drilled eight re verse-cir cu la tion holes and one di a -
mond-drill hole in 2005, to test co in ci dent IP and cop per-
in-soils anom a lies. The re sults were en cour ag ing, and in -
cluded an in ter sec tion grad ing 0.10 g/t Au and 0.12% Cu
over the bot tom 82.6 m of the di a mond-drill hole (Pe ters,
2006, hole 05-48). A 526.4 m di a mond-drill hole in 2006
in ter sected 0.033 g/t Au and 0.058% Cu over 464.0 m, and
in cluded sev eral higher grade in ter sec tions (Pe ters, 2007,
hole 06-71). The hostrocks in ter sected in Fjordland’s
drillholes are de scribed mainly as feldspathic volcanics,
volcaniclastics and brec cias, cut by gra nitic in tru sive rocks
and hornblende por phyry. Min er al iza tion con sists of chal -
co py rite, py rite, mag ne tite and mi nor mo lyb de nite, which
occur in quartz stringers, as disseminations and along
fractures.

SOUTHEAST ZONE

The South east zone is a por phyry-style cop per-mo lyb -
de num-gold oc cur rence hosted by the Woodjam Creek unit
of the Takomkane batholith. It is lo cated on low, drift-cov -
ered ground a short dis tance west of Woodjam Creek, about 
2.5 km east of the Takom oc cur rence. The min er al iza tion
was dis cov ered in the late sum mer and fall of 2007, when
Fjordland Ex plo ra tion Inc. ini ti ated a drill ing pro gram to
test an IP chargeability anom aly iden ti fied by a geo phys i cal 
sur vey con ducted ear lier that year. Three widely spaced
ver ti cal di a mond-drill holes that were com pleted dur ing the 
pro gram were min er al ized from top to bot tom. The best
grades came from hole WJ-07-79, which in ter sected
203.55 m grad ing 0.34% Cu and 0.014% Mo (Fjordland
Ex plo ra tion Inc., 2008a). Drill ing be gan again in the spring
of 2008 and, by the end of sum mer, a to tal of 15 ver ti cal
holes, to tal ling 6059 m, had been drilled in the South east
zone; all were min er al ized from the bed rock sur face to the
bot tom of the hole (Fjordland Ex plo ra tion Inc., 2008b).
The deep est hole (WJ-08-82) ex tended to 700.4 m and in -
ter sected 570.9 m grad ing 0.24% Cu, 0.013% Mo and
0.028 g/t Au. The high est cop per and gold grades so far re -
corded are from hole WJ-08-84, which in ter sected
226.77 m grad ing 0.93% Cu, 0.003% Mo and 0.40 g/t Au,
in clud ing 51.00 m grad ing 1.61% Cu, 0.004% Mo and
0.84 g/t Au. Drill ing has so far cov ered less than a third of
the 1.5 km by 1.0 km IP anom aly, and mineralization
remains open in all directions (Fjordland Exploration Inc.,
2008b).

Min er al iza tion in the South east zone con sists of py rite, 
chal co py rite and mo lyb de nite, which oc cur along frac -
tures, in quartz veinlets and as dis sem i na tions. A core sam -
ple from di a mond-drill hole WJ-07-79 was sub mit ted to R.
Creaser at the Uni ver sity of Al berta for Re-Os dat ing of
mo lyb de num, and re turned a model age of 196.9 ±0.9 Ma
(J. Lo gan, pers comm, 2008). This Early Ju ras sic age dem -
on strates that min er al iza tion was broadly syn chro nous
with crys tal li za tion of the host Woodjam Creek unit of the
Takomkane batholith.

MEGATON

The Mega ton cop per oc cur rence is hosted by the
Woodjam Creek unit of the Takomkane batholith on the
east side of Woodjam Creek, about 3 km north east of
Fjordland’s South east zone. The ini tial dis cov ery, made in
the late sum mer of 1995 and fol lowed up in the spring of
1996, com prised blocks of li mo nite- and mal a chite-stained
granodiorite in a road bank within a new cut block. This led
to stak ing of the Mega ton claim group and sev eral trench -
ing pro grams, car ried out from 1996 to 2006, that un cov -
ered a sig nif i cant area of cop per min er al iza tion (Wahl,
1996, 2002, 2006). The Mega ton claims were sub se quently 
optioned by North ern Rand Re source Corp., who car ried
out a ma jor drill ing pro gram over the Mega ton showing
during the summer of 2008.

Trenches and drill roads on the Mega ton show ing ex -
pose highly frac tured granodiorite, with frac ture-con -
trolled clay and li mo nite al ter ation, and abun dant mal a chite 
and az ur ite, mainly along frac tures and shears. Na tive cop -
per is also re ported, as are lo cal oc cur rences of bornite,
chal co py rite and traces of mo lyb de nite (Wahl, 2002, 2006). 
The sul phide min er als and their al ter ation prod ucts oc cur
along frac tures, in quartz veins and as disseminations.

The ini tial phase of di a mond-drill ing car ried out by
North ern Rand Re source Corp. con sisted of 3186 m in 15
holes. Only a few pre lim i nary re sults have been re leased,
in clud ing in ter sec tions of 0.256% Cu over 13.9 m, 0.237%
Cu over 7.1 m, and 0.340% Cu over 26 m, in hole MT 07a
(North ern Rand Re source Corp., 2008).

SOUTH ROAD

The South Road show ing is within the south ern part of
the Mega ton claim group, on the slopes east of Woodjam
Creek, about 1200 m south east of Fjordland’s South east
zone. The min er al ized out crops were dis cov ered in 1996,
in the drain age ditch along a newly con structed log ging
road (Wahl, 1996). The min er al iza tion con sists of py rite,
chal co py rite, mal a chite and lo cal traces of mo lyb de nite,
which oc cur along frac tures and shears cut ting granodiorite 
of the Takomkane batholith (Woodjam Creek unit). Part of
the orig i nal show ing was re-ex posed with a hand trench in
2002 (Wahl, 2002), but it has not received any subsequent
attention.

Occurrences Associated with the Boss
Creek and Schoolhouse Lake Units of the
Takomkane Batholith

RODEO AND LUKY JACK OCCURRENCES

The Ro deo and Luky Jack oc cur rences are lo cated 6–
8 km south east of Tisdall Lake. The TL claims, held by the
Beth le hem Cop per Cor po ra tion, were staked over this area
in 1980 and were ex plored by Cominco Ltd. in 1981 with a
pro gram that in cluded geo log i cal map ping, a soil geo chem -
i cal sur vey and an in duced-po lar iza tion geo phys i cal sur vey 
(Rebic, 1981; Jackisch, 1981). Mi nor amounts of chal co py -
rite and mal a chite, as dis sem i na tions and frac ture-coat ings, 
were iden ti fied at this time within quartz monzodiorite of
the Takomkane batholith. Part of the area was re-staked as
the Ro deo claims in 1998, to cover min er al iza tion ex posed
in a pit ex ca vated for road-fill dur ing log ging op er a tions by
Weldwood of Can ada Ltd (Wahl, 1998). The ad join ing
Luky Jack claims were staked at the same time, to cover a
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zinc-in-soils geo chem i cal anom aly and an ad ja cent IP
geophysical anomaly, both identified by Cominco in 1981.

The Ro deo show ing con sists of chal co py rite, lo cally
with mal a chite and az ur ite, that oc curs as dis sem i na tions,
blebs and frac ture-fill ings as so ci ated with al ter ation and
vein as sem blages that in clude quartz, mag ne tite, epidote,
K-feld spar and seri cite. The hostrock is mainly quartz
monzodiorite of the Takomkane batholith. A grab sam ple
col lected dur ing the pres ent study con tained 6335.27 ppm
Cu, 3824 ppb Ag and 212 ppb Au (Schiarizza et al., 2009,
sam ple 08KBE-140). A short di a mond-drill hole di rected
un der the min er al ized ex po sures in 2001 did not in ter sect
any significant mineralization (Wahl, 2004).

The Luky Jack show ing is lo cated about 1800 m north-
north east of the Ro deo oc cur rence, and has been ex plored
with trenches and two short di a mond-drill holes (Wahl,
1998, 2004). It com prises quartz veins and stockworks that
lo cally con tain mi nor amounts of sphalerite and chal co py -
rite, and are as so ci ated with al ter ation as sem blages that in -
clude epidote, mag ne tite, K-feld spar and seri cite.
Hostrocks in clude the Boss Creek unit of the Takomkane
batholith and ad ja cent brec cias and flows of the Nicola
Group.

GRANITE MOUNTAIN OCCURRENCE

The Gran ite Moun tain cop per oc cur rence is hosted by
the School house Lake unit of the Takomkane batholith,
5 km west-south west of the Mof fat Lakes. A group of
claims cov er ing this area was re ferred to as the Gran ite
Moun tain prop erty by Bailey (2007), who de scribed a
small pro gram of geo log i cal map ping and soil sam pling.
Min er al iza tion con sists of mi nor chal co py rite and mal a -
chite mar ginal to shear-zone–hosted quartz veins, and mi -
nor mal a chite stain ing along joints within granodiorite to
the south of the veins (Bailey, 2007).
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Southern Nicola Project: Whipsaw Creek–Eastgate–Wolfe Creek Area,
Southern British Columbia (NTS 092H/01W, 02E, 07E, 08W)

by N.W.D. Massey, J.M.S. Vineham and S.L. Oliver

KEYWORDS: Nicola Group, Ea gle pluton, Eastgate-
Whip saw meta mor phic belt, Prince ton, Quesnellia, min -
eral de pos its

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). 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 Tri as sic 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 Bound ary fault, rocks of
the Nicola Group are as signed to the ‘eastern belt’ (Preto,
1979; Mortimer, 1987) and dis play an alkalic af fin ity. They
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 were not as signed to any of the three ma -
jor belts by Mon ger (1989), al though Mortimer (1987) in -
cluded them in the calcalkaline ‘western belt’.

Ad ja cent to the Ea gle Plutonic Com plex in the west,
rocks cor re lated with the Nicola by Rice (1947) and Mon -
ger (1989) are re mark able for be ing more highly de formed
and meta mor phosed. This belt also shows sig nif i cant
lithological dif fer ences to the im me di ately ad ja cent Nicola
vol ca nic rocks, and is the host to volcanogenic mas sive sul -
phide (VMS) de pos its (e.g., Red Star and S and M prop er -
ties). These dis sim i lar i ties in rock type and the pres ence of
VMS de pos its cast some doubt on the cor re la tion with the
Nicola Group. The belt may be equiv a lent to the Late Perm -
ian to 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). The map area stretches from the
Wolfe Creek area and Cop per Moun tain south west to
Eastgate and the bound ary of Man ning Park and west to the
Whip saw Creek and Hud son Bay Mead ows ar eas. In 2009,
map ping will con tinue north wards from Whip saw Creek to
the Tulameen and Ot ter Lake areas.

PREVIOUS WORK

The Prince ton area 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 port for the area was that of Bauerman (1885), based
on work done dur ing the Bound ary Com mis sion Ex pe di -
tion of 1859–1861. Re gional geo log i cal stud ies were un -
der taken by Dawson (1877), who de fined and de scribed the 
rocks of the Nicola Group. Sub se quent map ping in the
Prince ton and ad ja cent ar eas was un der taken by Camsell
(1913), Bostock (1940a, b), Rice (1947), Preto (1972,
1979), Coates (1974), Ray and Dawson (1987) and Mon ger 
(1989). Coal-bear ing units of the Prince ton Group have
been de scribed by Camsell (1913), Shaw (1952a, b), Hills
(1962) and McMechan (1983), while in dus trial min er als
have been de scribed by Read (1987, 2000). De tailed in ves -
ti ga tions of the in tru sions and as so ci ated cop per min er al -
iza tion at Cop per Moun tain were re ported by Dolmage
(1934), Fahrni (1951), Mont gom ery (1967), Preto (1979)
and Stan ley et al. (1995). No sys tem atic map ping of Qua -
ter nary deposits, soils or terrain features has been un der -
taken in the area.

GEOLOGY

The re sults of this sum mer’s map ping are sum ma rized
in Fig ures 2 and 3.

Stratified Units

LATE TRIASSIC NICOLA GROUP

The Nicola Group con tains the old est ex posed rocks in
the area and is the main fo cus of this pro ject. Rocks pre vi -
ously as signed to the group can be sub di vided into three
pack ages. To the east, from Wolfe Creek to the Pasayten
River, the Nicola Group sed i men tary and vol ca nic rocks
have been as signed to the eastern belt (Preto, 1979;
Mortimer, 1987). Rocks to the west, in the Whip saw–Hud -
son Bay Mead ows area, are pres ently un as signed to any of
the Nicola Group belts. The higher grade meta mor phic
rocks at the west ern edge of the map area are herein re -
named the ‘Eastgate-Whip saw meta mor phic belt’. As out -
lined above, their cor re la tion with the Nicola Group is
equiv o cal. The meta mor phic belt is in fault con tact with the
Nicola Group proper (Figure 2).

East ern Part of Map Area

Within the map area, the east ern Nicola Group com -
prises an un named lower se quence of clastic sed i men tary
rocks, over lain by a mixed vol ca nic and vol ca nic sed i ment
pack age, called the Wolfe Creek For ma tion by Preto
(1972).
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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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Lower Un named Sed i men tary Rocks

The lower sed i men tary se quence is dom i nated by in -
terbedded black argillite, grey siltstone and sand stone.
Finer grained beds are lam i nated and may have a limy or si -
li ceous ma trix. Coarser beds can be graded, lam i nated or
crossbedded, and show bot tom struc tures such as load
struc tures. Beds vary from milli metres to sev eral centi -
metres thick. Ma trix-sup ported, polymictic peb ble to cob -
ble con glom er ate lay ers are in ter ca lated with the finer sed i -
men tary rocks. The clasts are dom i nantly clastic
sed i men tary, al though some times in clude rare lime stone
and vol ca nic ma te rial. Lime stone beds were not ob served
but have been reported by Preto (1972).

Grey, or ange-weath er ing crys tal and lapilli tuffs are
seen bed ded in the argillite and siltstone along Placer
Moun tain For est Ser vice road. Lapilli are pyroxene-feld -
spar por phyry, oc ca sion ally ve sic u lar and an gu lar in shape.

The ma trix is chloritic with a fine- to me dium-grained cal -
car e ous ce ment that ap pears to be al tered in places to skarn,
with mi nor dis sem i nated py rite, chal co py rite and ar seno -
py rite.

In the south ern reaches of Placer Creek, east of the
Bound ary fault, the sed i men tary rocks take on a pro -
nounced phyllitic char ac ter. This phyllite is fine grained
and dark grey to black with a sil very sheen to the fo li a tion.
Beds vary in thick ness, reach ing up to 10 cm, and have un -
der gone polyphase fold ing in many ar eas. Sandy beds tend
to lighter grey feld spar-seri cite schist. Con glom er ate is
weakly foliated.

Wolfe Creek For ma tion

Rocks of the Wolfe Creek For ma tion are pri mar ily vol -
ca nic in or i gin. Within the map area, they con sist of units of
vol ca nic brec cia and lapilli tuff, as well as tuffaceous sand -
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Fig ure 1. Lo ca tion of the South ern Nicola Pro ject. Ge ol ogy base map de rived from Massey et al. (2005). Boxes out line the area mapped in
2008 and pro posed for 2009. Rocks of the Nicola Group are la belled u>JNc. For other units see Massey et al. (2005).



stone and siltstone. These units are in ter mixed, but no con -
sis tent strati graphic se quence was determinable.

The fragmental vol ca nic beds in clude the interbedded
pyroxene-feld spar tuff, lapilli tuff, brec cia and ag glom er -
ate that are char ac ter is tic of the Nicola Group in other ar eas. 
They are light grey in col our, weath er ing to green-grey with 
or ange-stained frac ture sur faces. Lithic clasts 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. They
are dom i nantly pyroxene-feld spar–por phy ritic ba salt and
ba saltic an de site, show ing a wide vari a tion in pro por tions
and sizes of pheno crysts. Aphyric ba salt can also be seen.
The clasts are usu ally ma trix sup ported. The ma trix is me -
dium to coarse sand sized, con tain ing feld spar and pyrox -
ene crys tals as well as small lithic clasts and chlorite.
Epidote, chlorite and cal cite oc cur as al ter ation min er als in
clasts and ma trix, and also in veins. Quartz veins are also
com mon. De vel op ment of hornfels is com mon ad ja cent to
the Copper Mountain intrusions, rendering original fabrics
cryptic.

Tuffaceous sed i men tary rocks com prise well-bed ded
siltstone, sand stone and con glom er ate, and mi nor cherty
argillite. Sand stone units are me dium to coarse grained and
grey on fresh sur faces, weath er ing to grey or or ange-
brown. They are gen er ally mas sive but may show some
grad ing. They con tain abun dant subhedral to bro ken feld -
spar, pyroxene and lithic frag ments in a chlorite ma trix.
Con glom er ate units are polylithic with a va ri ety of rounded
to an gu lar clasts. Vol ca nic clasts are usu ally pyroxene or
pyroxene-feld spar por phyry, but one cob ble to boul der
con glom er ate on the Wolfe-Belgie Branch 1 road con tained 
large boul ders of spherulitic ob sid ian, quartz-eye rhy o lite
and chert. These are the only fel sic rocks ob served in the
Wolfe Creek For ma tion within the map area. The sed i men -
tary rocks show per va sive chlorite al ter ation, veinlets and
patches of epidote, and minor amounts of disseminated
pyrite.

West ern Part of Map Area

The Nicola Group in the west ern half of the map area is
lithologically sim i lar to that in the east, al though dif fer ing
in de tails of strati graphic suc ces sion. Here, clastic sed i -
men tary rocks—black argillite interbedded with grey to
green-grey siltstone and sand stone sim i lar to those in the
east—are in ter ca lated with feldspathic tuff, tuff brec cia,
tuffaceous sand stone, peb bly sand stone and fine-grained
cherty siltstone. Pyroxene is rare to ab sent in these beds.
Thin grey lime stone beds oc cur interbedded with argillite
along the Lamont Main road.

The clastic sed i ment and feldspathic volcaniclastic
unit passes west wards, and prob a bly up wards, into typ i cal
Nicola pyroxene-feld spar tuff, lapilli tuff and brec cia.
How ever, in con trast to the east ern part of the map area,
most of the ex posed vol ca nic rocks are de formed and schis -
tose. The change from mas sive to schis tose rocks is tran si -
tional and grad ual from east to west. Ini tially, 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 (Fig ure 4a) to
be ing smeared along the schistosity. Clasts in lapilli tuff
and brec cia are undeformed to slightly flat tened (Fig ure
4b). Chloritic rims may de velop around the clasts, with

feath er ing of their terminations occurring along the
foliation.

Eastgate-Whip saw Meta mor phic Belt

Rocks of the Eastgate-Whip saw meta mor phic belt are
quite dis tinct from those of the Nicola Group in ei ther the
east ern or west ern parts of the map area. They are quite het -
er o ge neous but can be di vided into three north west-
trending lithological as sem blages that show in creas ing
meta mor phic grade from greenschist in the east to am phi -
bo lite in the west. Fo li a tion and bed ding dip to the west, but
the strati graphic sig nif i cance, or even the strati graphic in -
teg rity, of the three di vi sions re mains un clear. Min eral ex -
plo ra tion ac tiv ity in the S and M camp sug gests sig nif i cant
fault ing within the pack age (see be low), al though none was 
directly observed during the course of mapping.

Am phi bo lite

Am phi bo lite forms the west ern unit of the meta mor -
phic belt and is in truded by the Ea gle pluton along its west -
ern mar gin. The am phi bo lite is over all dark grey to black in
col our and typ i cally me dium to coarse grained and well fo -
li ated, and con sists of al ter nat ing mafic- and fel sic-rich lay -
ers (Fig ure 5a). It com prises 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 boles are usu ally larger than
the subhedral feld spar and quartz, and show marked align -
ment par al lel to the compositional lay er ing, al though with -
out dis tinct lineation. The am phi bo lite is pre sum ably of
vol ca nic protolith, but gen er ally no rel ict tex tures re main.
How ever, some rel ict pyroxene crys tals and cryp tic clast
out lines are ob served in out crops to the east of Huck le berry
Creek (unofficial name) and in the Hudson Bay Meadows
area (Figure 5b).

Quartz ite–Bi o tite-Quartz Schist

This sub unit oc curs in the cen tre of the meta mor phic
belt, pre dom i nantly to the south in the Eastgate–Pasayten
Creek area. It is a pack age of interbedded quartz ite, bi o tite
quartz ite, actinolite-bi o tite quartz ite, bi o tite-quartz schist
and mi nor chlorite schist (Fig ure 6a) that prob a bly de rives
mainly from si li ceous sed i ments. Quartz ite units are white
with or ange-brown ox ide stain ing on sur faces. They are
recrystallized with a me dium to coarse saccharoidal tex -
ture. They can be mas sive but of ten con tain dis sem i nated
bi o tite flakes or thin seri cite or bi o tite lay ers that im part a
fo li a tion to the rock. Dis tinc tive actinolite±bi o tite quartz ite 
con tains black to green actinolite nee dles that vary from
0.1 to 3 cm in size (Fig ure 6b). The nee dles form ran domly
ori ented sin gle crys tals, clots and sheaves that lie along the
fo li a tion sur faces. Subrounded, blue-black magnetite is
also found in some quartzite beds.

Bi o tite-quartz schist is made up of 50–60% black bi o -
tite plates that range up to 3–5 mm in size and de fine good
foliations. Sug ary quartz is finer grained and in ter sti tial to
the bi o tite. Con tacts be tween quartz ite and bi o tite schist
vary from sharp to gradational. Grey mar ble oc curs as rare
thin interbeds within bi o tite schist in the Pasayten River
area. Mar ble is also re ported in trenches and drillcore on the 
S and M prop erty (see below).

Mixed Meta vol can ic-Metasedimentary Schist

This is a very het er o ge neous pack age of schist that lies
along the east ern mar gin of the meta mor phic belt. It in -
cludes fine- to me dium-grained, dark to light grey or grey-
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green chlorite, chlorite-quartz and chlorite-seri cite schists
(Fig ure 7), and pale buff-or ange to sil very grey seri cite,
seri cite-quartz±feld spar and seri cite-chlorite schists and
pa per schists (Fig ure 8a). Red and blue rounded quartz eyes 
are com mon in some seri cite schist. Bi o tite and mag ne tite
may be mi nor phases in some chlorite schist. Quartz veins
are com mon, of ten boudinaged or tightly folded.

The schists ap pear to be de rived from fine-grained
lam i nated sed i ments or vol ca nic tuffs and tuffaceous sed i -
ments. Orig i nal vol ca nic fab rics are not pre served, al -
though rel ict chloritized pyroxene is seen in chlorite schist
in the Whip saw Creek area.

Pale grey to red and blue banded, fine-grained sacchar -
oidal quartz ite oc curs near the Redstar show ing and is prob -
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Fig ure 2. Ge ol ogy of the 2008 map area. See Fig ure 3 for key to geo log i cal units. Ab bre vi a tions: BF, Bound ary fault; BBF, Baby Buggy fault;
SFF, Similkameen Falls fault; WF, Whip saw Creek fault; FF, Frenchy Creek fault.



a bly a meta-chert (Fig ure 8b). This is mas sive to weakly fo -
li ated with fine-grained seri cite along cleav age planes.
Other mi nor rock types in clude mas sive grey to grey-green
metabasalt and mas sive to weakly cleaved, white to blu ish
pink, quartz-eye bi o tite rhy o lite. Weakly fo li ated, white to
pale buff, leucocratic quartz-feld spar por phyry forms sev -
eral dikes and a small stock in the Similkameen Falls area. It 
is un clear if this por phyry is cor re la tive with the schist or
re lated to the younger Eagle pluton.

PRINCETON GROUP

Eocene rocks of the Prince ton Group oc cur at higher
el e va tions in the cen tral and east ern parts of the map area
(Fig ure 2). They lie un con form ably on the Nicola Group
and all older in tru sive rocks. Sig nif i cant paleorelief is ev i -
dent on the un con formity and was es ti mated at more than
300 m by McMechan (1983).

Within the map area, the Prince ton Group is a het er o -
ge neous se quence of mafic to fel sic, mostly subaerial,
alkalic vol ca nic and mi nor clastic sed i men tary rocks. Ex -
po sure is of ten lim ited and dis con tin u ous, and strati graphic
re la tion ships are dif fi cult to in fer. Read (2000) cor re lated
the vol ca nic rocks (not des ig nated on Fig ure 2) with the Ce -
dar For ma tion, for merly called the ‘Lower Vol ca nic For -
ma tion’ (Shaw, 1952a; McMechan, 1983), and sug gested a
Mid dle Eocene age based on whole-rock K-Ar dat ing. He
also cor re lated con glom er ate and sand stone of the Sunday
Creek area with the over ly ing Allenby Formation, also of
Middle Eocene age.

The vol ca nic rocks vary widely in li thol ogy and com -
po si tion, from mafic to fel sic, aphyric to por phy ritic, and
mas sive to volcaniclastic, of ten chang ing char ac ter within
tens of metres. Al though gen er ally quite fresh in ap pear -
ance, the vol ca nic rocks can show a va ri ety of weath er ing
colours, with pink and pur ple hues com mon but in clud ing
some very dis tinc tive blue-green shades. Ze o lite was ob -
served in some ves i cles and vugs, and is re ported in
tuffaceous sedimentary rocks (Read, 1987).

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-pyroxene, feld spar-

hornblende and feld spar-pyroxene±hornblende an -
de site; megacrystic feld spar an de site; hornblende-
bi o tite-feld spar and feld spar-hornblende±quartz
dacites; and mono lithic and heterolithic andesitic
lapilli tuffs, pyroxene and feld spar crys tal tuffs, and
fine-grained dacitic tuff. Fel sic units in clude mas -
sive, light grey to white or pink, rhy o lite, quartz and
feld spar crys tal tuffs, and lithic rhy o lite tuff. Mafic
units are dark grey or brown in col our and mas sive,
al though oc ca sion ally co lum nar jointed or ve sic u -
lar. Mi nor pheno crysts of olivine, pyroxene,
feldspar or analcite were observed.

Interbedded with the vol ca nic units are vol ca -
nic brec cia, con glom er ate and finer clastic sed i -
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Fig ure 4. Schis tose vol ca nic rocks of the Nicola Group: a) rel ict
pyroxene crys tals in chlorite schist (field station 08JVI22-07-02;
UTM Zone 10, 5459675N, 667153E, NAD83); b) schis tose
pyroxene lapilli tuff; clasts are flat tened within the fo li a tion
(08NMA31-09; UTM 5465573N, 667794E).

Fig ure 3. Geo log i cal units in the map area. Nicola Group
ab bre vi a tions: s, clastic sed i men tary rocks; p, phyllite; v,
vol ca nic rocks; vs, volcaniclastic sed i men tary rocks; v´,
schis tose vol ca nic rocks. Eastgate-Whip saw meta mor -
phic belt ab bre vi a tions: a, am phi bo lite; q, quartz ite–bi o -
tite-quartz schist; m, mixed meta vol can ic-metasedi -
mentary unit. In tru sive units ab bre vi a tions: w, Whip saw
por phyry; d, diorite; p, pyroxenite; SFF, Similkameen Falls
fault.



men tary rocks. Clasts in the brec cia and con glom er ate beds
vary from peb ble to boul der size and are polymictic, with
clasts of rhy o lite to ba salt, beige claystone, grey siltstone
and rarely gran ite. Other beds in clude black or pur ple
argillite, light grey tuffaceous sand stone, fine- to me dium-
grained light grey sand stone, and light grey felsic gritstone.

Intrusive Rocks

Sev eral phases of in tru sions have been ob served,
mostly pe riph eral to the map area. These in clude the Late
Tri as sic–Early Ju ras sic Cop per Moun tain in tru sions, the
Mid dle–Late Ju ras sic Ea gle pluton and the Cre ta ceous
Verde Creek pluton.

LATE TRIASSIC–EARLY JURASSIC
INTRUSIONS

Cop per Moun tain In tru sions

The Cop per Moun tain in tru sions in clude four main
bod ies (Preto, 1972), of which only two, the Cop per Moun -
tain and Voigt stocks, fall within the map area. These bod ies 
in trude and cause hornfels al ter ation of the Nicola Group

rocks. Ura nium-lead dat ing of zir con and ti tan ite from var i -
ous phases of the body sug gests an age of 206–200 Ma
(Mortensen et al., 1995).

The Cop per Moun tain stock was mapped by Dolmage
(1934) and Mont gom ery (1967) as a con cen tri cally zoned,
dif fer en ti ated in tru sion grad ing from an outer mafic diorite
through monzonite into a syenite core. Only the outer mafic 
zone oc curs within the map area. The diorite is white to
grey with a pink ish col our on weath ered sur faces. It is
equigranular and me dium to coarse grained (av er ag ing 1–
2 mm in size), and dis plays a typ i cal salt-and-pep per tex -
ture. Min er al og i cally, the diorite has ap prox i mately equal
pro por tions of subhedral to euhedral, creamy white K-feld -
spar and grey subvitreous plagioclase. Col our in di ces
range from 30 to 35, with prin ci pal mafic min er als be ing
pyroxene and lesser hornblende and/or bi o tite. The Cop per
Moun tain diorite has a high mag netic sus cep ti bil ity, with an 
av er age range of 10–50 and highs of 90–140, and eas ily de -
flects a pen mag net. Epidote and chlorite veinlets, some
with potassic al ter ation ha los, are fairly per va sive through -
out the diorite. Sparse xe no liths are seen in a few out crops,
in clud ing fine-grained hornfelsed metasedimentary rocks
and mafic pyroxene porphyry.

Coarse bi o tite-ol iv ine pyroxenite is as so ci ated with
the diorite in the lower reaches of Fri day Creek. The
pyroxenite is dom i nantly black pyroxene with green trans -
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Fig ure 5. Am phi bo lites of the Eastgate-Whip saw meta mor phic
belt: a) well-fo li ated me dium-grained am phi bo lite (field sta tion
08NMA16-04; UTM Zone 10, 5442156N, 674387E, NAD83); b)
am phi bo lite with rel ict pyroxene crys tals and cryp tic clast out lines
(08NMA30-09; UTM 5460351N, 664310E).

Fig ure 6. Quartz ite–bi o tite-quartz schist of the Eastgate-Whip saw
meta mor phic belt: a) interbedded quartz ite, bi o tite quartz ite and bi -
o tite-quartz schist; note schistosity is subparallel to bed ding (field
sta tion 08NMA20-11; UTM Zone 10, 54448316N, 673430E,
NAD83); b) coarse actinolite nee dles and sheaves in bi o tite
quartz ite (08NMA17-06; UTM 5442201N, 675785E).



lu cent ol iv ine, black mag ne tite and sparse white feld spar.
Bi o tite forms very coarse grained peg ma tite-like patches,
as well as smaller grains scat tered within the pyroxenite. It
can be as so ci ated with pink K-feld spar veins and al ter ation
patches, some of which show mal a chite stain ing, sug gest -
ing that it may re sult, at least in part, from potassic al ter -
ation of the original olivine pyroxenite.

Microdiorite and mafic pyroxene por phyry oc cur as
mi nor in tru sions as so ci ated with the Cop per Moun tain
stock.

The Voigt stock con sists of green-grey, equigranular,
fine- to me dium-grained diorite that weath ers to a light grey 
col our. Feld spar is mostly white plagioclase, while mafic
min er als are dom i nantly pyroxene with lesser bi o tite. A
hornblende-rich phase, with mi nor pyroxene and bi o tite,
was also ob served. As with the Cop per Moun tain diorite,
the Voigt stock is quite mag netic. Two types of cross cut ting
veinlets are found through out the in tru sion. The first, and
most com mon, is epidote-chlorite veinlets, and the sec ond
is K-feld spar–filled veinlets. Epidote al ter ation patches are
also com monly seen within the diorite.

Other Diorite and Pyroxenite Stocks

Sev eral small stocks of mafic diorite and pyroxenite
are found in trud ing Nicola Group rocks in the Whip saw
Creek area. Their cor re la tion is un cer tain, how ever, as they
may be re lated to the Cop per Moun tain in tru sions or to the
Late Tri as sic Tulameen Com plex (Nixon et al., 1997).

The diorite is fine to me dium grained and has typ i cal
grey salt-and-pep per fresh sur faces with brown or brick red 
to grey weath ered sur faces. It is com posed pri mar ily of
white feld spar and green ish black hornblende, with col our
in di ces vary ing from 30 to 50 in most out crops, but up to 70
in melanocratic phases. Mi nor min er als in clude rare
euhedral bi o tite flakes, pyroxene or quartz.

Pyroxenite is dark green to black on fresh sur faces and
weath ers dark grey. It is coarse grained with crys tals rang -
ing from 1 to 3 cm. Pyroxene con sti tutes 80–90% of the
rock, the rest be ing chlorite, mag ne tite and mi nor feld spar.
Epidote-chlorite veinlets are com mon; ser pen tin ite and cal -
cite al ter ation is rare. The pyroxenite out crops sep a rately
from but close to the diorite. Con tacts are rarely seen but
sug gest that the diorite is in tru sive into the pyroxenite.

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 and be ing de -
formed with the Eastgate-Whip saw meta mor phic belt.
Greig (1992) de scribed the com plex im me di ately to the
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Fig ure 7. Interlaminated chlorite and seri cite schists (meta-
argillite-metasiltstone interbeds) in the Eastgate-Whip saw meta -
mor phic belt (field sta tion 08NMA23-12-02; UTM Zone 10,
5457516N, 6660687E, NAD83).

Fig ure 8. Meta vol can ic-metasedimentary rocks of the Eastgate-
Whip saw meta mor phic belt: a) seri cite-chlorite pa per schist with
two obliquely cross cut ting schistosities (field sta tion 08NMA19-01; 
UTM Zone 10, 54469396N, 674182E, NAD83); b) s-fold in lam i -
nated quartz ite (meta-chert; 08NMA18-06-01; UTM 5447070N,
674145E).



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–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 is seen in the granodiorite, par tic u larly
in the mar ginal portions.

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 micaceous and
makes up 10–25% of the rock. Mi nor epidote and red gar net 
are com mon. Finer grained microgranodiorite (1–2 mm
grain size) is of sim i lar 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 (Fig -
ure 9a), 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 (Fig -
ure 9b). 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 spot ted look to sur faces. Bi o tite folia may be
folded into tight isoclinal folds (Figure 9c)

Bi o tite gneiss oc curs in the Whip saw Creek area, mar -
ginal to the in tru sion (Fig ure 9d). Lay ers of bi o tite or bi o -
tite-feld spar al ter nate with leucocratic feld spar-quartz lay -
ers. The gneiss is in truded and in cluded by mas sive
granodiorite. The min er al ogy of the gneiss con trasts with
that of the am phi bo lite of the ad ja cent Eastgate-Whip saw
meta mor phic belt and sug gests that it may be re lated to the
‘Ea gle gneiss’ unit of Greig (1992).

Coarse quartz-feld spar-bi o tite peg ma tite and leuco -
cratic feld spar-quartz aplite in trude all phases of the
granodiorite, mas sive or fo li ated. Rare 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 (Greig, 1992; Greig et al.,
1992), oc curs as a mi nor phase in the south ern Cop per
Creek area, as well as oc ca sional thin dikes. The gran ite
con tains both pink and white feld spars, quartz, mus co vite,
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Fig ure 9. Fo li ated rocks of the Ea gle Plutonic Com plex: a) weakly fo li ated bi o tite granodiorite (field sta tion 08NMA24-05; UTM Zone 10,
5457745N, 663754E, NAD83); b) bi o tite folia be tween lay ers of weakly fo li ated bi o tite granodiorite (08NMA24-06; UTM 5457773N,
663966E); c) folded fo li a tion in gneissic granodiorite (08NMA25-07; UTM 5456645N, 661853E); d) bi o tite gneiss in truded by mas sive bi o -
tite granodiorite (08NMA27-02; UTM 5459801N, 663688E).



bi o tite and mi nor red gar net. Pink K-feld spar may form
megacrysts up to 2 cm in size.

CRETACEOUS VERDE CREEK QUARTZ
MONZONITE

Quartz monzonite of the Verde Creek stock is vari able
in tex ture from me dium to coarse grained, and from equi -
granular to por phy ritic. It is gen er ally pink ish grey to grey
in col our, weath er ing buff to or ange with dark iron and
man ga nese stain ing on frac ture sur faces. The quartz
monzonite is leucocratic, with white plagioclase, pink ish
K-feld spar and clear quartz. Myrmekitic inter growths of
quartz and feld spar are com mon. Quartz con tents are com -
monly about 10–15% but range up to 25% in more gra nitic
phases. Mafic min er als range from 2 to 7%, with
hornblende usu ally more com mon than bi o tite. Miarolitic
vugs, lined with brown-red–stained quartz crys tals, are
com mon. The vugs are usu ally elon gate and can be as long
as 7 cm. Mi nor in tru sive phases in clude a dis tinc tive nee dle
hornblende por phyry, char ac ter ized by long, thin laths of
hornblende up to 2.5 cm long. Con tacts with the quartz
monzonite are equiv o cal and per haps tran si tional. Pink
feld spar por phyry, pos si bly a chill phase of the quartz
monzonite, is oc ca sion ally seen as xe no liths within the
margin of the quartz monzonite stock.

Rice (1947) cor re lated the Verde Creek stock with the
Ot ter gran ite and as signed it an “Up per Cre ta ceous or later” 
age. Preto re ported two K-Ar ages of 101 ±4 Ma and
98 ±4 Ma (re cal cu lated to 102 ±8 Ma and 100 ±8 Ma, re -
spec tively, by Breitspecher and Mortensen [2004]) from bi -
o tite of the Verde Creek stock, which sug gest a late Early
Cretaceous age.

TERTIARY (?) INTRUSIONS

Many mi nor in tru sions oc cur through out the map area. 
A bi modal suite of dikes in the area around and to the east of
Cop per Moun tain has been called the ‘Mine Dykes’ in the
older lit er a ture (Preto, 1972). These are dom i nated by buff
to cream, quartz and pink feld spar por phy ries and aphyric
fine-grained felsite. They dem on strate char ac ter is tic
Liesegang rings or ‘pic ture rock’ al ter ation. Mi nor brown-
weath er ing, black, aphyric mafic dikes are also found. The
age of the ‘Mine Dykes’ is un cer tain. They may be
comagmatic with the Eocene Prince ton Group vol ca nic
rocks, al though Preto (1972) sug gested a Late Cre ta ceous
to Early Tertiary age.

In ter me di ate to fel sic dikes of more cer tain cor re la tion
with the Prince ton Group are ubiq ui tous in 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 dacites; and rare rhyolite.

The Whip saw por phyry forms a small stock and as so -
ci ated dikes in the Fortyfive Mile Creek area, north of
Whip saw Creek. This grey to pink por phyry is marked by
abun dant (20–30%) white to pink feld spar laths, up to 5–
8 mm in size. Quartz is less abun dant (1–5%) and forms
smaller (1–3 mm) rounded crys tals. Hornblende and bi o tite 
pheno crysts are tab u lar, green ish black and of ten al tered to
epidote, mak ing iden ti fi ca tion dif fi cult. Dis sem i nated
sulphides and mal a chite stain ing are ob served in some out -
crops. The age of the Whip saw por phyry is un known. It in -
trudes the Ea gle pluton and may be cor re lated with por phy -
ries of the Late Cre ta ceous Ot ter Lake suite in the Tulameen 
area to the north. Al ter na tively, it may be comagmatic with
the Princeton Group.

STRUCTURE

Folds

Coarse clastic sed i men tary rocks of the Prince ton
Group in the Sunday Creek area have been cor re lated by
Read (1987) with the Allenby For ma tion, which over lies
the older vol ca nic rocks of the Ce dar For ma tion in the core
of the Ken nedy Lake syncline. This runs north-south,
subparallel and ad ja cent to the Bound ary fault. Lim ited
out crop and scar city of struc tural in for ma tion pre clude
iden ti fi ca tion of other ma jor folds within the Prince ton
Group in the map area.

In the east ern half of the map area, 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. Ob served bed ding at -
ti tudes gen er ally strike north-north west erly in the north
and be come more north west erly to the south. Dips are
steep, 60–80°to both the north east and the south west, per -
haps sug gest ing some up right iso cli nal fold ing. Shal lower
east-north east erly dips, about 45°, oc cur in the Wolfe
Creek area, south of Copper Mountain.

Schistosities in the west ern part of the Nicola Group
are subparallel to bed ding where both are ob served, and to
bed ding in nonfoliated units. They strike north-north west -
erly with shal low to mod er ate (20–45°) west erly dips. Dips
steepen in the west to 60–70°, closer to the Similkameen
Falls fault. East-north east erly-strik ing schistosity is found
to the south of the Frenchy Creek fault and also ad ja cent to
the Whip saw Creek fault. The age of de for ma tion within
the Nicola Group rocks is unknown.

The meta mor phic rocks of the Eastgate-Whip saw
meta mor phic belt and Mid dle–Late Ju ras sic, syntectonic
granodiorite of the Ea gle pluton show vari able, mod er ate to 
steep (60–90°) west erly dip ping schistosity that par al lels
the belt ori en ta tion. Two schistosities are dis cern ible in
some out crops cross cut ting at an acute an gle (Fig ure 8a). It
is of ten dif fi cult to de ter mine the rel a tive or der of for ma -
tion of these schistosities, which may have re sulted from
pro gres sive de for ma tion rather than two sep a rate events.
Mi nor S- and Z-folds of the foliations, intrafolial quartz
pods or granodiorite bands (Fig ure 9c) show vari able
plunges from steep to shal low and trending to ei ther the
north west or the south east. Anom a lous north east- and
north-north east-strik ing schistosity and bed ding at ti tudes
are found just west of the Pasayten River. The west erly-dip -
ping struc tures within the Eastgate-Whip saw meta mor phic
belt match those reported by Greig (1992) farther to the
north.

Major Faults

The ma jor ity of Prince ton Group vol ca nic and sed i -
men tary units in the cen tral part of the map area ac cu mu -
lated within a half-graben bounded on its east ern side by the 
Bound ary fault (Fig ure 2). This subvertical nor mal fault
was first iden ti fied by Preto (1972), and con firmed by Read
(1987) in an area to the north. Pres ent map ping con tin ues
the trace of the fault to the south, where it curves into the
val ley of Placer Creek. A smaller Ter tiary graben is in di -
cated to the west of Placer Creek, bounded by the Bound ary 
and Baby Buggy faults. De spite con sid er able move ment
dur ing the Eocene, the Bound ary fault is part of a larger sys -
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tem ex tend ing to the north and sus pected by Preto (1979) to
have been es tab lished early in the geo log i cal his tory of the
re gion, con trol ling the fa cies dis tri bu tions and pluton
emplacement within the Nicola Arc.

Three north east- to east-north east-trending faults are
in ter preted within the west ern Nicola Group vol ca nic rocks 
(Fig ure 2). Mas sive, nonschistose, feldspathic volcani -
clastic rocks and pyroxene lapilli tuffs and brec cias oc cur
on the south side of Whip saw Creek val ley, in truded by
mas sive diorite and pyroxenite. In marked con trast, north-
north west erly-trending schis tose pyroxene-phyric vol ca -
nic rocks oc cur on the north side of the val ley. Sim i larly, the 
Frenchy Creek fault sep a rates nonfoliated rocks to the
north from schis tose vol ca nic rocks to the south. The age of
this fault ing is un known, but post dates schistosity gen er a -
tion in the volcanic rocks.

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. This is best seen along
High way 3 about 1 km south of Similkameen Falls (Fig -
ure 10). Here the fault places north east-trending inter -
bedded seri cite and chlorite schists against mas sive
pyroxene lapilli tuff of the Nicola Group. The fault trace ap -
pears to be lin ear, con tin u ing to the south east along the
Pasayten River and to the north west into the Hud son Bay
Mead ows area, and is there fore in ter preted to be steep. The
age of the fault is un known. It ter mi nates the east erly-
trending faults in the western belt of the Nicola Group. It
also ap pears to acutely cross cut the three lithological as -
sem blages of the Eastgate-Whip saw meta mor phic belt,
sug gest ing that it post dates the Mid dle–Late Ju ras sic de for -
ma tion. The fault trace is sealed by the Whip saw por phyry
and over lain by Prince ton Group strata. Mo tion must have
therefore concluded before the Eocene.

MINERALIZATION

Some 38 min eral oc cur rences are re ported for the map
area in the MINFILE da ta base (Ta ble 1; MINFILE, 2008).
Six teen of these oc cur rences lie in the north east cor ner of
the map area (Fig ure 11) and are re lated to the Cop per
Moun tain alkalic por phyry Cu-Au sys tem, which has been

de scribed in de tail by sev eral au thors, in clud ing Dolmage
(1934), Fahrni (1951), Mont gom ery (1967) and Preto
(1979). Within the map area, show ings dis play a va ri ety of
styles, in clud ing veins, stockworks, shear zones or dis sem i -
nated chal co py rite-bornite-py rite min er al iza tion hosted in
Cop per Moun tain diorite, Voigt diorite or Nicola Group
vol ca nic and sed i men tary rocks. Plat i num and pal la dium
min er als are found in faults and shears in Copper Mountain
pyroxenite and diorite.

Both the Red Star and S and M mas sive sul phide camps 
oc cur in rocks of the Eastgate-Whip saw meta mor phic belt.
At the Red Star, min er al iza tion is hosted by a wide zone of
strongly sheared, strongly schis tose quartz-seri cite-py rite
schist, seri cite schist and chlorite schist of the meta vol can -
ic-meta sedi mentary sub unit. In tense sericitization is char -
ac ter is tic over the en tire Red Star ho ri zon; sili ci fi ca tion and 
pyritization are also com mon. Sev eral styles of min er al iza -
tion have been iden ti fied, in clud ing pyritized si lici fied
schist; white sug ary quartz-car ry ing py rite, sphalerite,
chal co py rite and ga lena; and glassy quartz with patches or
blebs of py rite, chal co py rite and rarely bornite with
chalcocite. Pyrrhotite, tetrahedrite, Au and tellurides have
also been re ported. The best min er al iza tion is as so ci ated
with the Main zone, which ex tends north-south for 480 m
and gen er ally con sists of dis sem i nated sphalerite and chal -
co py rite in quartz veins and sweats within highly sheared,
sericitic schist. Sig nif i cant sphalerite, chal co py rite with ga -
lena, Ag and Au min er al iza tion was re ported from the un -
der ground work ings, which have since caved in. A lens of
mas sive, coarse-grained sphalerite, py rite and chal co py rite
oc curs within the Main zone. Mi nor bornite, ga lena, mo -
lyb de nite and pyrrhotite are also present. Gangue minerals
include quartz, barite, kaolinite and sericite.

In the S and M camp, min er al iza tion is hosted in a
north-trending fault zone that cuts schist of the meta vol can -
ic-meta sedi mentary sub unit and am phi bo lite. The
brecciated fault zone var ies from 5 m to greater than 10 m in 
width and ex tends for about 1.5 km. The brec cia con tains
2.5–25 cm frag ments in a ma trix of sheared clayey rock and
fault gouge that may be ce mented by an ker ite, do lo mite or
cal cite. Many of the brec cia frag ments con sist of mas sive to 
semimassive sulphides, com pris ing sphalerite, ga lena, py -
rite, chal co py rite and ar gen tite with car bon ate. Py rite,
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Fig ure 10. Similkameen Falls fault, sep a rat ing chlorite and seri cite schists of the Eastgate-Whip saw meta mor phic belt (EWsc) from mas -
sive pyroxene lapilli tuff of the Nicola Wolfe Creek For ma tion (TrNwc; sta tion 08NMA21-02; UTM Zone 10, 5447430N, 675927E, NAD83).



sphalerite, ga lena and chal co py rite also oc cur as dis sem i -
na tions and blebs in quartz-car bon ate veinlets rang ing from 
a few milli metres to 40 cm wide, and in quartz veins that are
generally up to 15 cm in width.

Por phyry Cu-Mo min er al iza tion is as so ci ated with the
Whip saw por phyry and its hostrocks of the Ea gle Plutonic
Com plex and the Eastgate-Whip saw meta mor phic belt. It
may also par tially over print the mas sive sul phide min er al -
iza tion in the ad ja cent S and M camp. Sul phide min er al iza -
tion is de vel oped over a wide spread area, as dis sem i na tions 
and frac ture fill ings, and in quartz and cal cite veins. Py rite
is most abun dant, rang ing from 2 to 10%, par tic u larly
within al tered por phyry. Trace amounts of chal co py rite,
mo lyb de nite, bornite, chalcocite and covel lite oc cur with
up to 10% mag ne tite, pri mar ily in the Eastgate-Whip saw
meta mor phic belt and Ea gle Plutonic Com plex hostrocks
flank ing the stock, and in feld spar por phyry dikes and sills.

The chal co py rite is closely as so ci ated with py rite and oc -
curs as dis sem i na tions in the por phyry and schist, as
frac ture fill ings and in quartz-car bon ate veins in schist.
Mo lyb de nite forms fine-grained coat ings along frac tures
and along mar gins of quartz and quartz-car bon ate veins in
the por phyry and sur round ing hostrocks. Bornite is closely
as so ci ated with py rite and oc curs as fine dis sem i na tions in
the por phyry. Thin blebs and rounded coat ings of chal -
cocite and covel lite are pres ent in por phyry dikes to the
south. Epidote and chlorite are the most com mon al ter ation
min er als. Argillic al ter ation is best de vel oped in the mar -
gins of the stock. The por phyry also ex hib its quartz-seri cite 
al ter ation, which ap pears to be as so ci ated with the argillic
al ter ation. Feld spars are re placed by kaolinite and mi nor
epidote and seri cite in the more al tered sec tions of the
stock. The main min er al iza tion oc curs along the stock’s
north ern con tact and near the south ern con tact, where a
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Table 1: Mineral occurrences in the map area (from MINFILE, 2008). Note that only the principal name is shown for each occurrence for
brevity. Deposit type codes: C01, surficial placer; D01, open-system zeolite; D03, volcanic redbed Cu; G04, Besshi massive sulphide;
G06, Noranda/Kuroko massive sulphide; I01, A-quartz vein; I05, Ag-Pb-Zn±Au polymetallic veins; I06, Cu±Au veins; K01, Cu skarn; K02, 
Pb-Zn skarn; L01, subvolcanic Cu-Ag-Au (As-Sb); L03, alkalic porphyry Cu-Au; L04, porphyry Cu±Mo±Au.



south east ward-trending apophysis ex tends from the main
body. Sphalerite, py rite, pyrrhotite and chal co py rite with
mi nor ga lena and mo lyb de nite in garnet-epidote-diopside
or quartz-epidote skarn on the Marian showing is pe riph -
eral to, and possibly related to, the Whipsaw porphyry Cu-
Mo mineralization.

Other min eral show ings in the map area in clude a va ri -
ety of quartz veins with ei ther gold or sulphides; ze o lite in
Eocene volcaniclastic sed i men tary rocks; and placer Au
and Pt.

Ta ble 2 re ports the re sults of anal y ses of var i ous min er -
al ized grab sam ples from the map area. These form three
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Fig ure 11: Lo ca tions of min eral oc cur rences in the map area. Im por tant camps are out lined and la belled. Geo log i cal con tacts and faults in
the grey map area are as in Fig ure 2.
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Table 2. Analyses for selected elements on mineralized grab samples collected in the map area in 2008. Samples crushed and milled in a Cr steel mill. Analyses by ACME Analytical
Laboratories Ltd. (Vancouver) using inductively coupled plasma–mass spectrometry after HCl-HNO3 digestion.



group ings (Fig ure 12). As says of grab sam ples north west
of the Whip saw prop erty show rea son ably anom a lous Cu,
Mo and Ag val ues, sug gest ing that the Whip saw por phyry
Cu system could be extended.

The cal car e ous ma trix of vol ca nic rocks within the
lower Nicola sed i men tary se quence is vari ably al tered to

skarn with some vis i ble sulphides. Anal y ses of grab sam -
ples, how ever, proved to be un re mark able.

Sev eral grab sam ples were col lected in the north west -
ern part of the map area, where sev eral ar eas of or ange-
brown iron car bon ate–sil ica al ter ation oc cur in Nicola vol -
ca nic rocks and pos si bly the Prince ton Group. The sam ples
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Fig ure 12. Lo ca tions of as say sam ples (see Ta ble 2 for anal y ses and iden ti fi ca tion of group ings). Geo log i cal con tacts and faults in the grey
map area are as in Fig ure 2.



are some what vari able but do show some el e vated As and
Ag val ues and mod er ate Au and Cu. The full ex tent and
con ti nu ity of this al ter ation is un known. No MINFILE oc -
cur rences are re ported in this area and there is lit tle
recorded work in assessment reports.
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Carbonate-Hosted, Nonsulphide, Zinc-Lead Deposits in the
Southern Kootenay Arc, British Columbia (NTS 082F/03)
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INTRODUCTION

Car bon ate-hosted, nonsulphide, base-metal (CHNSBM)
de pos its are com monly over looked dur ing the se lec tion of
ex plo ra tion tar gets. Un der fa vour able geo log i cal, cli ma tic,
top o graphic and hy dro log i cal con di tions, the weath er ing of 
a va ri ety of car bon ate-hosted, sul phide de pos its may re sult
in the for ma tion of eco nom i cally sig nif i cant CHNSBM de -
pos its. The pri mary ob jec tive of this pa per is to pro vide
con cep tual back ground on CHNSBM de pos its, sup ply
con crete ex am ples of di rect-re place ment, nonsulphide de -
pos its from the Salmo dis trict, Brit ish Co lum bia (NTS
082F/03) and dem on strate that the area has sig nif i cant po -
ten tial to host un dis cov ered wallrock-re place ment-type
CHNSBM de pos its. The sec ond ary ob jec tive is to ex plain
the im por tance of de posit mor phol ogy and its spa tial ori en -
ta tion in the pres er va tion of such de pos its within gla ci ated
ar eas of south east ern BC.

CARBONATE-HOSTED, NONSULPHIDE,
BASE-METAL DEPOSITS

Nonsulphide de pos its were the main source of zinc
prior to the1930s but 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,
the min ing in dus try turned its at ten tion to sul phide ore. To -
day, most zinc is de rived from sul phide ore (Hitzman et al.,
2003). The sit u a tion, how ever, is chang ing as ev i denced by
the suc cess ful op er a tion of a ded i cated pro cess ing plant to
ex tract zinc metal, through di rect acid leach ing, solid-
liquid sep a ra tion, sol vent ex trac tion and elec tro win ning,
from nonsulphide and mixed ores mined at the Skorpion
mine, Namibia. Geo log i cal in for ma tion on CHNSBM de -
pos its was re viewed by Hitzman et al. (2003). The
CHNSBM de pos its are in ter preted to be of ei ther supergene 
or hypogene or i gin (Hitzman et al., 2003; Sangster, 2003).
The for ma tion of supergene de pos its is well established but

un cer tainty remains regarding hypogene CHNSBM
deposits.

In this pa per, we con cen trate on nonsulphide de pos its
formed in supergene en vi ron ments from car bon ate-hosted,
sul phide, base-metal de pos its (such as Mis sis sippi Val ley-
type [MVT], sed i men tary-ex ha la tive [SEDEX], Irish-type
or vein-type de pos its and, to lesser ex tent, skarns). When
car bon ate-hosted, base-metal sul phide min er al iza tion is
sub ject to in tense weath er ing, met als are lib er ated by the
ox i da tion of sul phide min er als. The met als can be trapped
lo cally, form ing di rect-re place ment, nonsulphide, ore de -
pos its (Heyl and Bozion, 1962; Hitzman et al., 2003) also
re ferred to as “residual” ore by Reichert and Borg (2008).

A sche matic sec tion of an ide al ized di rect-re place ment 
de posit is shown in Fig ure 1a. Dur ing the for ma tion of a
direct-re place ment CHNSBM de posit, pri mary ore
(protore) is ox i dized, and base met als pass into so lu tion and 
are re dis trib uted and trapped within space orig i nally oc cu -
pied by the protore. De pend ing on the ex tent of re place -
ment of the sulphides by base-metal and iron-bear ing
nonsulphide min er als (ox ides, sil i cates, car bon ates and
phos phates), the re sult ing ore is called mixed (com bi na tion
of sul phide and nonsulphide ore) or nonsulphide ore (also
re ferred to as ox ide ore). If the base met als lib er ated by the
ox i da tion of sul phide ore are not trapped lo cally, they are
trans ported by per co lat ing wa ters down and away from the
sul phide protore and may form wallrock-re place ment
CHNSBM de pos its (Fig ure 1b). 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). Al ter na tively, if the
metal-bear ing so lu tions do not en coun ter con di tions fa -
vour able for trap ping within nonsulphide min er als (by
direct- or wallrock-re place ment pro cesses), met als are
dispersed in low concentration over large areas (i.e., with -
out forming economic ore deposits).

Heyl and Bozion (1962) and Hitzman et al. (2003) also
de scribed re sid ual and karst-fill, supergene, nonsulphide,
base-metal de pos its formed by me chan i cal or chem i cal
trans port fol lowed by ac cu mu la tion of pre vi ously formed
nonsulphide min er al iza tion in karst de pres sions and un der -
ground sys tems. These de pos its are typ i cally high grade
and small ton nage. We do not dis cuss these de posit types
here. The main nonsulphide Zn-, Pb- and Fe-bear ing min er -
als and their char ac ter is tics are listed in Ta ble 1. The reader
is re ferred to Hitzman et al. (2003) for a more complete list.

His tor i cally, most CHNSBM de pos its were thought to
be small; some de pos its and dis tricts, how ever, have ton -
nage com pa ra ble to world-class sul phide de pos its, es pe -
cially if mixed ores are also con sid ered (Fig ure 2). The
Balmat de posit (New York), which is a large stratiform,
car bon ate-hosted, Zn sul phide de posit, is shown for com -
par  i  son.  The Balmat de posi t  has  a  near-sur  face
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nonsulphide com po nent of <100 000 tonnes at 10–29% Zn
(too small to show on Fig ure 2). Skorpion (Namibia),
which has 60 mil lion tonnes of mixed re source grad ing 6–
8% Zn and 1–2% Pb and 24.6 mil lion tonnes of ox ide re -
source grad ing 10.6% Zn, and Mapimi (Mex ico), which
has 6 mil lion tonnes at 15% Zn, 10% Pb and 500 g/t Ag, are
ex am ples of large, high-grade, nonsulphide deposits
(Corrans et al., 1993; Titley, 1993).

A sum mary of Zn and Pb grades of ma jor CHNSBM
de pos its is pre sented in Fig ure 3. Where the data are avail -
able, the Pb and Zn con tent of sul phide protore and mixed
(nonsulphide and sul phide) ores that are ge net i cally re lated
to CHNSBM min er al iza tion are also shown. CHNSBM
min er al iza tion has higher Zn and lower Pb con tent than
mixed ore and/or the sul phide protore (Fig ure 3) from
which it was de rived. 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 CHNSBM deposits.

The above sum mary is an over sim pli fi ca tion. The ox i -
da tion of base-metal ore is com monly a multicyclic pro cess
(Hitzman et al., 2003). Di ver sity in the type of protore, and
the multicyclic na ture and vari a tions in near-sur face geo -
log i cal pro cesses re sult in a wide spec trum of CHNSBM
ores. Reichert and Borg (2008) pro posed two ex tremes of
CHNSBM ores, “red ores” and “white ores”. Red ores con -
sist com monly of Fe-oxyhydroxides, goethite, he ma tite,
hemimorphite, smithsonite, hydrozincite and cerussite.
They typ i cally con tain >20% Zn, >7% Fe and Pb±As.
White ores, con sist ing com monly of smithsonite,
hydrozincite and mi nor Fe-hy drox ides, con tain <40% Zn,
<7% Fe and very low con cen tra tions of Pb. The sta bil ity of
hemimorphite is largely dic tated by the ac tiv ity of sil ica
within the sys tem. Hemimorphite may be pres ent within
red or white ores. Red ores are found largely in the set tings
where the di rect-re place ment pro cess (Fig ure 1a), as de -
fined by Hitzman et al. (2003), pre dom i nates. White ore, at
the op po site end of the spec trum, may be found as re place -
ment of brec cia clasts and wallrock or as brec cia ce ment or
open-space fill ing. It may be lo cated tens to sev eral hun -
dreds of metres from the near est sul phide ore, mixed ore,
red ore or gos san. From met al lur gi cal and environmental
considerations, white ores are simpler and preferable.

REGIONAL GEOLOGY

The area of in ter est is lo cated in the Kootenay Arc of
south east ern BC (Fig ure 4). The Kootenay Arc is an ar cu -
ate belt of comp lexly de formed rocks ex tend ing at least
400 km from near Revelstoke to the south west across the
Can ada–United States border (Fyles, 1964). The Kootenay
Arc lies be tween the Purcell Anticlinorium in the Purcell
Moun tains to the east and the Monashee meta mor phic com -
plex to the west (Fig ure 4). The Arc con sists of a thick suc -
ces sion of thrust-imbricated Pro tero zoic to Lower Me so -
zoic miogeoclinal to basinal strata of sed i men tary and
vol ca nic protoliths (Brown et al., 1981).

Colpron and Price (1995) out lined a re gion ally co her -
ent strati graphic suc ces sion in the Kootenay Arc. The
lower part is com posed of siliciclastic and car bon ate rocks
of the Eocambrian Hamill Group and Mohican For ma tion.
These are over lain by the archaeocyathid-bear ing car bon -
ate rocks of the Lower Cam brian Badshot For ma tion and its 
equiv a lent, the Reeves Mem ber of the Laib For ma tion
(Fyles and East wood, 1962; Fyles, 1964; Read and
Wheeler, 1976), which host a num ber of Zn-Pb sul phide
de pos its. The Badshot For ma tion is char ac ter ized by
calcitic dolomitic mar ble. Schist is lo cally interlayered with 
the mar ble. In the south ern part of the Kootenay Arc, the
car bon ate rocks are over lain by siliciclastic, basinal shale
and mafic vol ca nic rocks of the Lower Pa leo zoic Lardeau
Group (Colpron and Price, 1995). Polyphase de for ma tion
has trans posed bed ding and lo cally ob scured pri mary
strati graphic relationships (Colpron and Price, 1995).

GEOLOGICAL SETTING OF THE
CARBONATE-HOSTED SULPHIDE
DEPOSITS

The Kootenay Arc hosts nu mer ous car bon ate-hosted
Zn-Pb de pos its (Höy, 1982; Nel son, 1991). The car bon ate-
hosted Zn-Pb de pos its are dis trib uted along the Kootenay
Arc. The main con cen tra tions de fine the Salmo and
Duncan camps in south ern BC. Smaller de pos its char ac ter -
ize the north ern part of the Kootenay Arc (Fig ure 4). The
de pos its, com monly re ferred to as “Kootenay Arc-type de -
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Fig ure 1. Ide al ized sec tions of car bon ate-hosted, nonsulphide, base-metal de pos its: a) di rect-re place ment de posit; b) wallrock-
replacement de posit (modified from Heyl and Bozion, 1962; Hitzman et al., 2003).
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Formula Colour Lustre Density Hardness Comments

Smithsonite ZnCO3 white earthy, dull 4.5 4.4 soluble in HCl, botroidal, reniform, earthy 
or granular; may be fluorescent, greenish 
or bluish or whitish in ultraviolet light

Hemimorphite Zn4Si2O7(OH)2.H2O white, brown, greenish grey vitreous 3.6 5 weakly soluble in HCl, massive, botroidal, 
stalactitic

Hydrozincite Zn(CO3)2(OH)6 white, pale yellow, pale grey pearly 3.6–3.8 2–2.5 massive, fibrous, bladed aggregates; 
fluorescent pale blue or lilac in ultraviolet 
light; soluble in acids and amonia

Sauconite Na0.2Zn3Si3AlO10(OH)2.4(H2O) white, pale brown, reddish brown dull, earthy 2.45 (variable) 1.0–2.0 earthy, clay-like texture 

Willemite ZnSiO4 white, green, red, brown, black, 
pinkish, bluish

vitreous/resinous 3.9–4.2 5.5 massive, granular, prismatic; fluorescent 
green in short ultraviolet light

Zn-bearing aragonite (Zn,Ca)CO3 white, grey, yellowish vitreous 3 3.5–4.0 fluorescent green in short ultraviolet light; 
effervesces in HCl; fibrous, prismatic, 
columnar

Minrecordite CaZn(CO3)2 white to colourless, brown, blue-
green

vitreous to pearly 3.5 3.5–4 rhombohedral, sometimes saddle-shaped

Cerussite PbCO3 colourless, white, tan, grey adamantin 6 3 massive granular, reticulate, well-formed 
prisms; fluorescent yellow in long wave 
ultraviolet light

Anglesite PbSO4 white, colourless, grey, bluish, 
yellow

vitreous to adamantin 6.3 3–3.5 granular, anhedral to subhedral crystals; 
commonly fluorescent yellow in ultraviolet 
light

Pyromorphite Pb5(PO4,AsO4)3Cl green, brown, yellow resinous to adamantin 6.7–7 4 prismatic or reniform and globular textures

Plumbojarosite PbFe6(SO4)4(OH)12 golden to dark brown vitreous to dull 3.6 1.5–2.0 soluble in HCl, earthy, concretionary, 
encrustations, lumps

Litharge PbO red greasy 9.14–9.3 2 encrustations

Mimetite Pb5(AsO4,PO4)3Cl brown, yellow, tan, brown, white resinous 7.1–7.3 3.5–4 reniform, globular, sometimes prismatic

Goethite FeO(OH) dark or rusty brown, black dull, resinous 4–4.4 3.5–4 earthy, botroidal, stalactitic

Hematite Fe2O3 red to nearly black typically dull 5.2 5 coatings, stains, fracture filings

Main Pb-bearing minerals

Main Fe-bearing minerals

Main Zn-bearing minerals

Ta ble 1. Se lected nonsulphide Zn-, Pb- and Fe-bear ing min er als and their char ac ter is tics.
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Fig ure 3. Zinc and lead grades of car bon ate-hosted, nonsulphide, base-metal (CHNSBM) de pos its. Where data are avail able, Pb and Zn
con tent of ge net i cally re lated, sul phide protore and mixed (nonsulphide and sul phide) ore are con nected by a tie line. In most cases,
CHNSBM ore has higher Zn con tent than re lated mixed ore and nonoxidized sul phide protore (based on com pi la tion of Hitzman et al.,
2003). 1. Lead ville (U.S.A.), 2. Si erra Mojada (Mex ico), 3. Mapimi (Mex ico), 4. Accha (Peru), 5. Mina Grande (Peru), 6. Touissit (Mo rocco),
7. San Giovanni (It aly), 8. Um Gheig (Egypt), 9. Zamanti dis trict (Tur key), 10. Jabali (Ye men), 11. Augouran (Iran), 12. Mehdiabad (Iran), 13.
Irankuh (Iran), 14. Kuh-e-Surmeh (Iran), 15. Padaeng (Thai land), 16. Long Keng (Myanmar), 17. Cho Dien (Viet nam), 18. Jinding (China),
19. Qiandong Shen Shen (China), 20. La Cal a mine (Bel gium), 21. Tynagh (Ire land), 22. Silvermines (Ire land), 23. Reocin (Spain), 24.
Silesian-Crakow dis trict (Po land), 25. Shaimerden (Kazakhstan), 26. Skorpion (Namibia), 27. Balmat (U.S.A.), 28. Vazante (Brazil). All de -
pos its, with the ex cep tion of Vazante, are con sid ered supergene in or i gin.

Fig ure 2. Ton nages of se lected car bon ate-hosted, nonsulphide, base-metal de pos -
its, as so ci ated nonoxidized sul phide protore and mixed ores (based on com pi la tion of
Hitzman et al., 2003).



pos its” (Höy, 1982; Nel son, 1991), oc cur in the Badshot
For ma tion or its equiv a lent, the Laib For ma tion (Reeves
Mem ber). They are in ter preted to be meta mor phosed Mis -
sis sippi Val ley-type or Irish-type Pb-Zn de pos its (Paradis,
2007, 2008). They range in size from 6 to 10 mil lion tonnes
with av er age grades of 3–4% Zn, 1–2% Pb, 0.4% Cd and
traces of Ag (Höy, 1982; Höy and Brown, 2000). They are
stratabound and stratiform lens-shaped con cen tra tions of
sulphides (sphalerite, ga lena, py rite, lo cal pyrrhotite and
rare ar seno py rite) in isoclinally folded dolomitized or si -
lici fied car bon ate lay ers (Paradis, 2007). Sev eral de pos its
are past-pro duc ers (e.g., Reeves Mac Don ald, Jer sey, HB,
Blue bell) and oth ers have seen ad vanced ex plo ra tion work
(e.g., Duncan, Wigwam), although none are presently in
production.

CARBONATE-HOSTED SULPHIDE
DEPOSITS OF THE SALMO CAMP

The Salmo camp com prises nu mer ous car bon ate-
hosted Zn-Pb de pos its. With the ex cep tion of Lomond and

Cav iar (which are hosted by the Cam brian Nelway For ma -
tion), the de pos its are hosted by fine-grained, poorly
lay ered or mas sive do lo mite of the Reeves Mem ber, which
is tex tur ally dis tinct from bar ren, gen er ally me dium-
grained, well-banded, grey and white or black and white
lime stone of the same unit. The min er al ized do lo mite is
dark grey, poorly lay ered and mot tled with black flecks,
wisps and lay ers of im pu ri ties (Fyles, 1970). The de pos its,
their dolomitic en ve lopes, and the lime stone hostrock gen -
er ally lie within sec ond ary iso cli nal folds along the limbs of 
re gional an ti cli nal struc tures. They form stratiform, tab u lar 
and lens-shaped con cen tra tions of py rite, sphalerite and ga -
lena in dolomitized zones. Brecciated zones are com mon
within the more mas sive sul phide min er al iza tion (Fyles
and Hewlett, 1959; Legun, 2000). Some of the de pos its are
de scribed be low. Their de scrip tion is based on our field in -
ves ti ga tions (2007, 2008) and de scrip tions of Fyles and
Hewlett (1959), Fyles (1964, 1970), Höy (1982) and Legun 
(2000).
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Fig ure 4. Sim pli fied geo log i cal map of south east ern Brit ish Co lum bia show ing the Kootenay Arc and lo ca tion of car bon ate-hosted Zn-Pb
de pos its (modified from Wheeler and McFeely, 1991; Lo gan and Colpron, 2006; Paradis, 2007).



CARBONATE-HOSTED NONSULPHIDE
DEPOSITS

The near-sur face por tions of the sev eral pre vi ously de -
scribed car bon ate-hosted sul phide de pos its are weath ered,
strongly ox i dized and con sist, in many cases, of ex ten sive
Zn- and Pb-bear ing, iron ox ide gos sans and base-metal-
bear ing nonsulphide min er als. The weath ered zones are
par tially de lim ited and were not ex ploited in the past. The
min er al ogy and paragenesis of ox i dized zones are poorly
known but in dic a tive of di rect-re place ment of sulphides by
nonsulphide base-metal-bear ing min er als. The main ex po -
sure at Lomond is an ex cel lent ex am ple of a CHNSBM Fe-
rich gos san (Fig ures 1a, 1b, 5). The Ox ide de posit may cor -
re spond to the hemimorphite por tion of a CHNSBM de -
posit formed by wallrock-re place ment (Fig ure 1b). There
are not enough data avail able to de ter mine con clu sively if
the Ox ide de posit is of the di rect- or wallrock-re place ment-
type but the dom i nance of hemimorphite is prob a bly linked
to high sil ica ac tiv ity (pro vided by the un der ly ing Reno
For ma tion quartz ite) dur ing base metal trap ping. In most
other oc cur rences, spa tial con ti nu ity and/or the close spa -
tial re la tion ships in com bi na tion with mor pho log i cal sim i -
lar i ties be tween sul phide and as so ci ated nonsulphide zones 
sug gest di rect-replacement CHNSBM min er al iza tion. The
ev i dence for di rect-re place ment or i gin is stron gest where
the tran si tion of nonsulphide to sulphide mineralization
with increasing depth is well documented. Detailed
descriptions of selected deposits are given below.

Lomond Deposit (MINFILE 082FSW018)4

This group of oc cur rences is lo cated ap prox i mately
56 km south of Nel son, BC. Highly ox i dized Pb-Zn
sulphides are ex posed within the mid dle and up per part of
the Mid dle Cam brian to Early Or do vi cian Nelway For ma -
tion, which con sists of cream and grey banded do lo mite
with dis con tin u ous lenses of darker do lo mite and dolomitic 
siltstone (Fyles and Hewlett, 1959). The main show ing
(Fig ure 5) is pre dom i nantly goethite. It was mined be tween
1947 and 1948 and in the 1950s as a source of iron for ce -
ment making and a small quan tity of hand-sorted ga lena
was shipped to the smelter at Trail, BC. Col lapsed rem nants 
of ore bins and rails are vis i ble in Lomond Creek upstream
from the main showing.

Two ox i dized zones, 1.5 and 3.6 m thick and 3 m apart,
are de scribed by Fyles and Hewlett (1959) as con form able
to the dolomitic band ing but lo cally dis cor dant. They con -
sist of earthy brown, iron ox ide li mo nite(?) con tain ing
harder ar eas of goethite. Within the soft earthy li mo nite are
oc ca sional angle site-coated nod ules of ga lena. Trans par ent 
to trans lu cent crys tals of cerussite (0.5–2 mm long) are lo -
cally pres ent. A sam ple of the main ox i dized zone as sayed
10.3 g/t Ag, 1.2% Pb and 2.7% Zn (Fyles and Hewlett,
1959). The zone was resampled in 2008 and re sults of the
chem i cal anal y ses are pend ing. As so ci ated show ings ap -
prox i mately 450 m to the north ap pear to be cov ered by de -
bris slides. They were de scribed as podiform, ox i dized sul -
phide zones a few metres across, spaced along a strike
length of 300 m. The Lomond show ings may be ox i dized
analogs of the Yellowhead-type min er al iza tion of the Pend
Oreille mine in northeast Washington.

Reeves MacDonald (MINFILE 082FSW026),
Annex (MINFILE 082FSW219), Red Bird
(MINFILE 082FSW024) and Related
Deposits

The Reeves Mac Don ald de pos its are lo cated 56 km
south-south west of the vil lage of Salmo. They in clude the
past-pro duc ing de pos its of Reeves Mac Don ald and An nex, 
and the Red Bird prospect.

Com bined pro duc tion from 1949 to 1971 to talled
5 848 021 t of sul phide ore grad ing 3.50% Zn and 1.39%
Pb. From this ore, 19.9 t of Ag, 203 616 t of Zn, 57 693 t of
Pb, 1215 t of Cd and 27.6 t of Cu were re cov ered (MINFILE 
082FSW024, 082FSW026, 082FSW219). Like most
carbonate-hosted Zn-Pb de pos its in the south ern Kootenay
Arc, the min er al ized zones are en closed by a dolomitized
en ve lope within the Reeves Mem ber lime stone. The sul -
phide orebodies, their en vel op ing do lo mite and the lime -
stone hostrock are folded and meta mor phosed to
greenschist facies.

Struc ture in the area is char ac ter ized by nearly east-
strik ing fo li a tion and south west erly trending fold axes. A
se ries of north-strik ing faults that dip 25–45° east off set the
for ma tions and the min er al ized zones (Figure 6).

The Reeves, B.L. (MINFILE 082FSW026) and
O’Donnell (MINFILE 082FSW028) de pos its are in ter -
preted as faulted seg ments of the same orebody (Fyles and
Hewlett, 1959; Gorzynski, 2001). The Red Bird (MINFILE 
082FSW024), An nex (MINFILE 082FSW219), Mac Don -
a ld  (MINFILE 082FSW026) ,  Po in t  (MINFILE
082FSW027) and Pros pect (MINFILE 082FSW029) de -
pos its may be re lated by the style of fault ing to the above
min er al ized zones; they may, how ever, be sep a rate de pos its 
(Fyles and Hewlett, 1959; G. Klein, pers comm, 2007).

The sul phide bod ies are struc tur ally con form able and
stratabound. The sulphides form bands, lenses and lay ers of 
mas sive to dis sem i nated ma te rial par al lel to compositional
lay er ing within me dium to dark grey dolostone. Lay er ing
var ies from milli metre-scale to sev eral centi metres in
thick ness, and is con tin u ous over tens of metres, or dis con -
tin u ous and highly con torted. Lenses of nonmineralized
light grey do lo mite interlayered with thin bands of argillite
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Fig ure 5. The main ex po sure at the Lomond de posit, south east ern
Brit ish Co lum bia; an ex am ple of a car bon ate-hosted, nonsulphide, 
base-metal (CHNSBM) de posit (gos san com po nent).

4(MINFILE, 2008)



are com mon within the ore zones. Sulphides also form a
ma trix to brec cias, which con sist of rounded to platy frag -
ments of do lo mite, lime stone and quartz. The sulphides
con sist of fine- to me dium-grained py rite, honey-col oured
to brown sphalerite, mi nor ga lena and traces of chal co py -
rite. Cop per and cad mium con tent is typ i cally less than
0.5% and 1 g/t, re spec tively. Gal lium and ger ma nium have
been reported in concentrations above background levels.

Only sul phide min er al iza tion was mined and the
nonsulphide base-metal-bear ing zones, con sist ing of
earthy yel low-brown gos san of li mo nite(?) and goethite
with vari able amounts of cerussite, angle site, smithsonite
and hemimorphite, were left be hind. Ac cord ing to Höy et
al. (1993), the ox i da tion oc curred prior to gla ci ation and
much of the ox i dized ma te rial was re moved by the
advancing ice.

Lo ca tions and pro jec tions of the main min er al ized
zones to the sur face are sketched on Fig ure 7. The de pos its
and pros pects (Fig ure 8) are ex posed over a dis tance of ap -
prox i mately 4 km. Some of these min er al ized zones, con -
sist ing at least in part of nonsulphide base-metal-bear ing
min er als, are described below.

MACDONALD ADIT

The por tal of the Mac Don ald adit col lapsed be fore
1954 and is now en tirely cov ered by over bur den. Fyles and
Hewlett (1959) re ported that the adit was driven within
“earthy cal car e ous and limonitic ma te ri als con tain ing sec -
ond ary Pb and Zn minerals”.

POINT (ZONE Z)

The Point oc cur rence (zone Z) is lo cated 450 m west of
the 1900 level por tal of the Reeves Mac Don ald mine (Fig -
ure 8), and most of it is cov ered by wa ters of the Pend-
d’Oreille River. A small faulted sec tion of ir reg u lar, tab u lar
masses of limonitic gos san is vis i ble on a roadcut be side the 
Reeves Mac Don ald mine road (Fig ure 9). The Zn-Pb min -
er al iza tion oc curs within ir reg u lar, tab u lar- or pod-shaped
en ve lopes of dolomitized Reeves Mem ber lime stone (Fyles 
and Hewlett, 1959). The de posit con sists of two sul phide
ho ri zons, each about 6 m thick and sep a rated by 20 m of
dolostone. Min er al iza tion con sists of bands and lenses of
mas sive and dis sem i nated py rite, honey-col oured
sphalerite and ga lena. Dis sem i nated, fine-grained, yel low
sphalerite and oc ca sional grains of ga lena also oc cur in a
ma trix of brecciated do lo mite. A small ton nage of ore,
grad ing 10% zinc was apparently extracted from this zone
in the past (Gorzynski, 2001).

PROSPECT ZONE

The Pros pect zone is lo cated in a wide spread dolomit -
ized unit in for mally called the “Pros pect do lo mite mem -
ber”. The Pros pect do lo mite is thought to be a sep a rate car -
bon ate unit from the Reeves Mem ber lime stone (G. Klein,
pers comm, 2007). It is host to scat tered oc cur rences of dis -
sem i nated and lay ered py rite, sphalerite and traces of ga -
lena par al lel to a faint lay er ing in the fine-grained, pale grey 
do lo mite. The high est con cen tra tions of sulphides are as so -
ci ated with coarse-grained grey do lo mite. The Pros pect
zone has been tested by two short adits, which ex posed ir -
reg u lar and sparse min er al iza tion con tain ing lo cally 10%
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Fig ure 6. Sim pli fied geo log i cal map of the Salmo area, south east ern Brit ish Co lum bia (mod i fied from Fyles and Hewlett, 1959).
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Fig ure 8. Sche matic lon gi tu di nal east-north east sec tion (look ing north) show ing the dis tinct nonsulphide zinc ox ide and sul phide zones.
Some of the nonsulphide zones were la belled A to H by ReMac Zinc Cor po ra tion (mod i fied from Addie, 1970; Price, 1987; Gorzynski,
2001). For lo ca tion of sec tion see Fig ure 7.

Fig ure 7. Sche matic plan view of the main nonsulphide zinc ox ide zones within the Reeves Mem ber lime stone/dolostone unit of the Laib
For ma tion and the Nelway For ma tion, south east ern Brit ish Co lum bia (mod i fied from Redhawk Re sources Inc., 2005).



Pb and 9% Zn over widths of 60 cm (Walker, 1934). Sur -
face trench ing has ex posed ox i dized zones greater than 4 m
across (Fyles and Hewlett, 1959).

Redhawk Re sources Inc. drilled four holes in the Pros -
pect do lo mite mem ber (south of zone C), which in ter sected
13.7% Zn over 9 m, 8.24% Zn over 4 m and 2.02% Zn over
16.98 m (Klein, 1999).

ANNEX MINE

The An nex mine (con sist ing mainly of zones E and F),
lo cated on the west side of the Pend-d’Oreille River (Fig -
ure 7), op er ated from 1970 to 1975. It pro duced 763 314 t of 
sul phide ore at a re cov ered grade of 5.59% Zn, 0.93% Pb
and 44.61 g/t Ag, most of which came from the E and F
zones (Fig ure 8). Sev eral bore holes drilled from 1986 to
2000 re turned sig nif i cant Zn, Pb and Ag grades within the
nonsulphide por tions of the An nex min er al iza tion (George
Cross News Let ter, 1998; Klein, 1998). The last two holes
were drilled in 2000 to in ter sect the up ward pro jec tion of
the sul phide zone. The first hole av er aged 9.64% Zn over
21.0 m, with high-grade footwall (18.47% Zn over 3.9 m)
and hangingwall (23.75% Zn over 2.3 m) por tions and with
lower grade dolomitic sec tions. The sec ond hole av er aged
14.62% Zn over 15.0 m with out in ter nal dolostone sec -
tions. These are the only holes in the area that en coun tered
nonsulphide min er al iza tion be low the wa ter ta ble (Gor zyn -
ski, 2001). The po si tion of the sul phide-ox ide bound ary in
zone F is known and was es tab lished dur ing min ing. At
both of these holes, drill ing also en coun tered long sec tions
of low-grade min er al iza tion be low the main in ter sec tions
(21.4 m sec tion of dolostone grading 1–2.4% Zn and a
23.4 m section grading 1–5% Zn).

ZONE G

Zone G is an other faulted sec tion of the An nex mine.
The first 500 m from the por tal of the Reeves 1900 level is
in leached lime stone with iron ox ide zones that were
formed by ox i da tion of the Mac Don ald sul phide orebody
(Fyles and Hewlett, 1959). This ox ide zone was fur ther in -
ves ti gated by drill ing in 2000 (Gorzynski, 2001). The best
in ter sec tion was 8.21% Zn, 1.08% Pb and 6.5 g/t Ag over
11.6 m (Gorzynski, 2001). This con firms the pres ence of
base-metal nonsulphide min er al iza tion above the zones en -
coun tered in the 1900 level.

ZONE H

Zone H hosts zinc ox ide min er al iza tion. It is in ter -
preted to con tinue at depth where grab sam ples of zinc ox -
ides grad ing 20–25% Zn were col lected from un der ground
work ings in the early 1970s (G. Klein, pers comm, 2000;
Gorzynski, 2001). One of the two holes drilled in 2000 re -
turned 10.98% Zn over 8.9 m, in clud ing 14.71% Zn over
5.3 m of true width. A sec ond drillhole lo cated 55 m to the
east, re turned 6.35% Zn over 4.4 m of true width but the in -
ter sec tion was near sur face (Gorzynski, 2001).

ZONE P

Zone P is a zinc ox ide zone dis cov ered by drill ing in
2000. A drillhole re turned two min er al ized in ter sec tions,
6.68% Zn over 4.4 m (near the sur face) and 13.25% Zn over 
3.5 m at depth (Gorzynski, 2001).

Red Bird Prospect

The Red Bird pros pect lies south and west of the Pend-
d’Oreille River along Red Bird Creek. It in cludes zones A,
B, C and D de scribed be low (Fig ures 7, 8). The main work -
ings in clude four adits, a shaft and sev eral more re cent
trenches and roadcuts. All the un der ground work ings are
in ac ces si ble. The in di cated re source (which pre dates Na -
tional In stru ment [NI] 43-101) within the Red Bird pros -
pect is re ported at 2 177 040 t grad ing 18.5% Zn, 6.5% Pb
and 68.5 g/t Ag (Price, 1987).

ZONE A

Zone A is lo cated near the old Red Bird no. 4 tun nel.
The trenches ex posed nar row zones of zinc ox ide min er al -
iza tion in dolostone of the Reeves Mem ber. Gorzynski
(2001) re ported val ues of 5.4% Zn over 1.6 m, 6.42% Zn
over 1.3 m and 16.11% Zn over 1.5 m.

BEER BOTTLE ZONE (ZONE B)

The Beer Bot tle zone, lo cated ap prox i mately 300 m
east of zone A (Fig ures 7, 8), has been traced over a strike
length of 110 m. It is trun cated to the east by the Beer Bot tle
Creek fault and re mains open to the west (Klein, 1999;
Gorzynski, 2001).

The zone has been known since the 1920s and was
drilled and re trenched in 1998 and 2000. One of the
trenches ex posed a sec tion of red-brown li mo nite in ter ca -
lated with dolostone (Gorzynski, 2001) and re turned
15.00% Zn over 12.8 m. The footwall por tion of this zone
as sayed 22.16% Zn over 6.3 m and the hangingwall por tion
re turned 8.08% Zn over 6.5 m (Gorzynski, 2001). Four
other trenches re turned dis ap point ing re sults but one of the
roadcuts ex posed a 10 m long sec tion in ter preted as a col -
lapse brec cia (Gorzynski, 2001). Ac cord ing to Gorzynski
(2001), the brec cia con sists of an gu lar dolostone and lime -
s tone and rounded clasts  of  zinc  ox ide  (mainly
hemimorphite) vary ing in size from peb bles to boul ders.
Five hemimorphite-rich boul ders sam pled on the prop erty
con tained 18–32% Zn. Four ver ti cal chan nel sam ples taken 
over the 10 m brec cia ex po sure averaged 17.76% Zn
(Gorzynski, 2001).
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Fig ure 9. Limonitic gos san is vis i ble on a roadcut be side the
Reeves Mac Don ald mine road, the Point oc cur rence (zone Z),
south east ern Brit ish Co lum bia.



Based on the above de scrip tion, this nonsulphide zinc
ox ide sec tion is very dif fer ent from other typ i cal
nonsulphide min er al iza tion of the Salmo area. Other
nonsulphide, karst-re lated, Zn oc cur rences are known else -
where (Hitzman et al., 2003).

ZONE C

Zone C, lo cated 150 m north east of zone B, is one of
the main min er al ized zones of the Red Bird pros pect ex -
posed at sur face. It is in ter preted as a down-faulted por tion
of zone B (Fig ure 8). Red Bird tun nel no. 1 ex posed a
nonsulphide sec tion of ap prox i mately 140 m in length, in -
clud ing a 75 m long and over 6 m wide zone that has an av -
er age grade of 18.55% Zn, 5.97% Pb and 36.7 g/t Ag
(Emendorf, 1927; Sorensen, 1942; Gorzynski, 2001). One
of the re-ex ca vated roadcuts (60 m in length), lo cated 85 m
in el e va tion above tun nel no. 1, ex posed a li mo nite sec tion
that re turned 6.93% Zn over 21 m (Gorzynski, 2001). High-
grade zones in the footwall and hangingwall of this sec tion
as sayed 12.30% Zn over 4.4 m and 9.75% Zn over 5.6 m.
This zone in cludes two lenses of low-grade dolostone and a
lower grade, iron ox ide-rich, cen tral sec tion (3.32% Zn
over 11.0 m), which is in ter preted as di rect-re place ment of
the pyrite-rich protore.

ZONE D

Zone D was found by deep drill ing. One drillhole re -
ported an ox i dized in ter sec tion of 16.7 m that as sayed 7.2% 
Pb, 8.95% Zn and 23.5 g/t Ag, di rectly over ly ing a 1.5 m
sul phide-rich do lo mite sec tion that as sayed 5.64% Zn,
0.38% Pb, 8.8 g/t Ag and 0.06% Cd (Price, 1987). Con se -
quently, the po si tion of this zone (Fig ure 8) is based en tirely 
on interpretation.

Caviar Showing (MINFILE 082FSW060)

The Cav iar show ing con sists of two zones lo cated west 
of the Pend-d’Oreille River and 200 m north of the United
States border (Fig ure 7). These zones con sist of lenses and
string ers of sphalerite in dolomitic sec tions of lime stone of
the Nelway For ma tion (Fyles and Hewlett, 1959;
Gorzynski, 2001). The best of four drillholes re turned an
in ter sec tion of 6.5% Zn over 6 m (Crosby, 1956). The
nonsulphide (near sur face) por tion of the min er al iza tion is
be lieved to be lim ited to a few metres.

Jersey-Emerald Deposits (MINFILE
082FSW009)

The Jer sey-Em er ald prop erty lies ap prox i mately
11 km south east of the vil lage of Salmo. It en com passes the
for mer Jer sey and Em er ald Zn-Pb mines, and the Em er ald,
Feeney, In vin ci ble and Dodger tung sten mines. Other de -
posit types, such as a gold-bis muth zone, SEDEX-type
zinc-sil ver-cop per de pos its and mo lyb de num por phyry de -
pos its are also pres ent on this prop erty. Only the Zn-Pb
deposits will be considered here.

The his toric Jer sey Zn-Pb de posit was a small but
steady pro ducer from 1906 to 1925. Dur ing that pe riod
25 850 t of ore were mined and 705 292 g of Ag,
6 788 936 kg of Pb and 19 771 kg of Zn were re cov ered.
Dur ing 1948, when the Em er ald tung sten mine was in pro -
duc tion, a large ton nage of lead-zinc ore was out lined by
drill ing at the Jer sey Zn-Pb mine. The Jer sey Zn-Pb mine
op er ated con tin u ously un til 1973. Lead and zinc was pro -

duced from Jer sey and Em er ald orebodies. Be tween 1949
and 1973, over 8 mil lion tonnes of ore grad ing 1.95% Pb
and 3.83% Zn were mined and 115 000 t of Pb, 263 000 t of
Zn and 21 500 kg of Ag were recovered (MINFILE
082FSW009; Sul tan Min er als Inc., 2008).

The Jer sey and Em er ald Zn-Pb min er al iza tion oc curs
within a dolomitized zone, near the base of the Reeves
Mem ber and var ies from 8 to 30 m in thick ness. The Tru -
man Mem ber of the Laib For ma tion forms the mine
footwall rocks (Fyles and Hewlett, 1959). It con sists of
dense, red dish green skarns and a brown argillite host ing
tung sten and mo lyb de num min er al iza tion. Five Pb-Zn
dolomite-hosted ore bands, rang ing in thick ness from 0.3 to 
9 m, are rec og nized within the mine. Sul phide ore con sists
of fine-grained sphalerite and ga lena with py rite, pyrrhotite 
and mi nor ar seno py rite. The ga lena-sphalerite-py rite-
pyrrhotite ores are banded and sim i lar to ores from the HB
de pos its, ex cept that Pb dom i nates. Cad mium is as so ci ated
with low-iron sphalerite and sil ver with ga lena. In 1995,
dur ing a tung sten ex plo ra tion pro gram, di a mond drill ing
en coun tered a sec ond Pb-Zn-bear ing do lo mite ho ri zon lo -
cated 55–60 m be low the Jer sey mine, cur rently re ferred to
as the Lower Jer sey zone (Sul tan Min er als Inc., 2008). The
wid est min er al ized in ter cept was 9 m, and the best sin gle
intersection graded 8.1% Zn and 3.8% Pb across 1 m
(George Cross News Letter, 1997).

Un like many of the other car bon ate-hosted Pb-Zn de -
pos its in the Salmo area, there is no re cord of a near-sur face
ox i da tion zone. Gen er ally, this agrees with our field ob ser -
va tions. The mine is dry and only two of the ten ore zones, B 
and D, were ex posed at sur face. Both of these zones are
elon gated ap prox i mately north ward and plunge gently
south. Only the south ern-most and top o graph i cally low est
por tions of these orebodies out cropped on Iron Moun tain.
A Fe-rich gos san was noted and sam pled at 1394 m of el e -
va tion, west of the Em er ald Zn-Pb mine por tal no.1. Re sults 
of geo chem i cal analyses of this oxide zone are pending.

HB Deposit (MINFILE 082FSW004)

The HB mine is lo cated 8 km south east of the vil lage of
Salmo. It con sists of two dis tinct zones, the HB and the Gar -
net de pos its. The HB de posit con sists of at least five
orebodies and the Gar net de posit is a sin gle lens. The mine
pro duced a to tal of 6 656 101 t of ore be tween 1912 and
1978. Mea sured and in di cated re serves, pub lished in 1978
(pre dat ing NI 43-101) by Ca na dian Pa cific Lim ited, were
36 287 t grad ing 0.1% Pb and 4.1% Zn (Anonymous,
1983).

The orebodies, hosted by Reeves Mem ber lime stone,
are lo cated less than 100 m west of the Argillite fault. Sed i -
men tary rocks in the mine area are folded into a broad
synclinorium, and the lime stone-dolostone beds host ing
the orebodies are on the west limb of this struc ture. Iso cli -
nal fold ing is de scribed within the trough of the
synclinorium and these folds are af fected by crossfolding at 
the north end of the HB mine and south of the main orebody.

The HB main min er al iza tion con sists of three elon -
gated, crudely el lip soi dal orebodies dip ping steeply to ward 
the east and plung ing 15–20° south ward. These steeply
dip ping orebodies are con nected by two gently dip ping tab -
u lar sul phide brec cia bod ies, which also plunge 15–20°
south ward (MINFILE 082FSW004). The steeply dip ping
orebodies con sist of con cen tra tions of dis con tin u ous
string ers that have a Pb:Zn ra tio of 1:5, whereas the tab u lar
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brecciated min er al ized zones have a Pb:Zn ra tio of ap prox i -
mately 1:2.5 (MINFILE 082FSW004). The sul phide con -
cen tra tions within steeply dip ping ore zones ap pear to be
par al lel to cleav age in the host dolomitic mar ble (Mac Don -
ald, 1973). Sul phide min er al iza tion within the tabular
zones appears to follow the bedding.

Sul phide min er als con sist pre dom i nantly of fine-
grained py rite and sub or di nate sphalerite, ga lena and lo -
cally mi nor pyrrhotite. The sul phide min er al iza tion is en -
vel oped by a broad zone of dolomitization, which is bor -
dered along its con tact with lime stone by a nar row sil ica-
rich zone. Talc and tremolite are re ported to be found
mainly near the sil ica-rich zone, sug gest ing that these min -
er als formed along the front pro duced by synmetamorphic
el e ment ex change be tween sil ica-rich and dolomitic rocks.
Al ter na tively, tremolite and talc may be part of a
metasomatic front cre ated by the in tro duc tion of sil ica-
bear ing fluids into the dolomitic carbonates.

The north ern por tions of the min er al ized zones are ex -
posed at sur face and ox i dized to a depth of 100 m (Fyles and 
Hewlett, 1959). Avail able ev i dence points to the or i gin by
the di rect-re place ment pro cess. Nonsulphide min er als in -
clude hemimorphite {Zn4Si2O7(OH)2·H2O}, smithsonite
{ZnCO3}, cerussite {PbCO3} and angle site {PbSO4}.
Fyles and Hewlett (1959) also men tioned the fol low ing
phos phates: pyromorphite {Pb5(PO4,AsO4)3Cl}, hopeite
{Zn4(PO4)2(OH)2·3H2O}, spencerite {an un com mon zinc
p h o s  p h a t e ;  Z n 4 ( P O 4 ) 2 · 4 H 2 O }  a n d  s a l m o i t e
{Zn2(PO4)(OH)}.

Oxide Prospect (MINFILE 082FSW022)

The main show ings of the Ox ide pros pect out crop to
the west of the north-strik ing Ox ide pass, 5.5 km east-
south east of Ymir, BC. The area is un der lain by black
argillite and slate of the Lower(?) to Mid dle Or do vi cian
Ac tive For ma tion, grey lime stone of the Reeves Mem ber of 
the Laib For ma tion, and micaceous and white quartz ite re -
sem bling the lower Navada Mem ber of the Quartz ite Range 
For ma tion (Fyles and Hewlett, 1959).

The fault zone (up to 9 m wide) con sists of crushed and
sheared rocks, con tain ing a muddy clay-like gouge about
0.5 m thick (Fyles and Hewlett,  1959; MINFILE
082FSW022). The nonsulphide base-metal-bear ing zone at 

the Ox ide adit was re ported to be highly ox i dized and was
ex posed along strike for 458 m with a max i mum width ap -
proach ing 9 m. Past drill ing and un der ground de vel op ment
con firmed that the ox i dized zone ex tends more than 180 m
in depth. Fig ure 10 shows the typ i cal ex po sure in the vi cin -
ity of the Ox ide fault. The limonitic gos san con tains
hemimorphite (Fig ure 11) and parahopeite as the ma jor Zn-
bear ing min er als (McAllister, 1951). Ga lena nod ules and
pyromorphite are the prin ci pal Pb-bear ing min er als
(McAllister, 1951). The high est as say from the adit in 1948
was 15.7% Zn, 1.4% Pb, 0.34 g/t Au and 3.4 g/t Ag (Fyles
and Hewlett, 1959). Up to 23% man ga nese and mi nor py -
ritic quartz, with low gold as says, are re ported in MINFILE
(082FSW022). The In ter na tional adit, lo cated ap prox i -
mately 830 m to the south of the Ox ide adit, in ter sects an
ox ide zone up to 7.3 m in width, which is also reported to
host nonsulphide Zn-Pb mineralization.

DISCUSSION

The Reeves Mac Don ald group of de pos its rep re sent
the best doc u mented ex am ples of CHNSBM de pos its in
BC. Fig ure 8 sum ma rizes re la tion ships be tween the base-
metal, nonsulphide min er al iza tion and the sul phide ore
within the Reeves Mac Don ald area. Sul phide zones were
ox i dized at least up to 450 m be low the sur face. Sev eral
CHNSBM zones are un der lain by sul phide min er al iza tion,
sug gest ing that they formed by di rect-re place ment of sul -
phide de pos its. This is also sup ported by their mineralogy
and Pb and Zn content.

The key con trols on the for ma tion of CHNSBM de pos -
its are cli mate, na ture and avail abil ity of near-sur face
protore, li thol ogy, fa vour able hy drol ogy and the rate of
uplift.

Cli mate and paleoclimate are im por tant fac tors in the
se lec tion of any given area for ex plo ra tion tar get ing
supergene CHNSBM de pos its (Hitzman et al., 2003;
Reichert and Borg, 2008). The cli mate con trols the ox i da -
tion con di tions and the trans port of met als. The most fa -
vour able con di tions for ox i da tion are achieved in an arid
cli mate, which max i mizes the quan tity of met als avail able
for trans port by supergene so lu tions. This is done by min i -
miz ing biogenic ac tiv ity within the soil, mak ing more ox y -
gen avail able for sul phide ox i da tion and max i miz ing the
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Fig ure 10. Hemimorphite-bear ing ma te rial, Ox ide de posit, south -
east ern Brit ish Co lum bia.

Fig ure 11. Cut through a hemimorphite nod ule from Ox ide de posit, 
south east ern Brit ish Co lum bia, dis play ing char ac ter is tic tex ture.



quan tity of met als that are avail able for trans port by so lu -
tions (Reichert and Borg, 2008). Dry cli mate also fa vours a
low wa ter ta ble, pre vent ing pre ma ture di lu tion of metal-
bear ing supergene so lu tions by bar ren ground wa ter within
aqui fers and dis per sion of the ore-form ing met als (Reichert 
and Borg, 2008). There is no de tailed in for ma tion re gard -
ing the paleoclimate in the Salmo area but stud ies from
south ern BC in di cate that af ter the last gla cial max i mum
(from 17 000 to 14 000 BP) there was a rel a tively warm and
dry cli mate around 10 000–7 000 BP (Palmer et al. 2002;
Hebda, 2007). This warm dry period may have been ideal
for development of CHNSBM deposits.

Ar eas not af fected by gla ci ation have higher po ten tial
to con tain pre served, soft, CHNSBM de pos its than gla ci -
ated ones. The Late Wisconsinan Cordilleran Ice Sheet
orig i nated in the Ca na dian Cor dil lera and its pro gres sion
south ward was to a large ex tent con trolled by to pog ra phy
(Clague and James, 2002). The last ice sheet started to de -
velop 30 000–25 000 BP and reached its max i mum ex tent
17 000–14 000 BP. Its re treat was ac com pa nied by brief re-
ad vances, down wast ing and pe ri ods of stag na tion. Ac -
cord ing to Clague (1991, Fig ure 12.1), the Salmo area is lo -
cated about 100 km north of the max i mum south ern limit of
this ice sheet. The gla ciers in the Salmo area may have been
thin. Iso static re bound, which started dur ing the gla cial re -
treat, was prob a bly less in the Salmo area than in areas
originally covered by thicker ice.

Sul phide min er al iza tion in the Salmo area is
premetamorphic and predeformational (pre-Mid dle Ju ras -
sic). From the field ev i dence, we know that the sul phide ox -
i da tion is post-Mid dle Ju ras sic, and may have started be -
fore or slightly af ter the last gla cial max i mum (17 000–
14 000 BP). The rel a tively warm and dry cli mate, which
pre vailed some 10 000–7 000 BP (Palmer et al. 2002;
Hebda, 2007), may have been par tic u larly fa vour able for
supergene ox i da tion of sulphides and for ma tion of
CHNSBM de pos its in the Salmo area. If this sce nario is
cor rect, the for ma tion of CHNSBM de pos its co in cided
with gla cial re treat, which also favoured their preservation.

EXPLORATION CONSIDERATIONS

The se lec tion of grassroot ex plo ra tion ar eas in volves
con sid er ing the con di tions re quired or fa vour ing the for ma -
tion of CHNSBM de pos its, such as the pres ence of known
sul phide min er al iza tion con tain ing base-metal-bear ing
sul phide de pos its, fa vour able cli mate and/or paleoclimate
(which in flu ences the po si tion of the wa ter ta ble and the
pre vail ing oxido-re duc tion con di tions), per mis sive hy dro -
log i cal char ac ter is tics (per me abil ity and po ros ity of the
hostrocks, karsts, and frac ture and fault zones), avail abil ity
of rocks with abil ity to con trol the pH of the metal-bear ing
so lu tions (carbonates), topography, rate of uplift and
glacial history.

Com mon nonsulphide ore min er als are Zn, Pb and Fe
ox ides, car bon ates, sil i cates and phos phates (Ta ble 1).
With the ex cep tion of the Fe-bear ing min er als that are com -
mon in gos sans (Fe-oxyhydroxites, goethite and he ma tite),
these min er als are un fa mil iar to to day’s field ge ol o gists.
Train ing in min er al ogy, use of a colometric field test for
zinc (“Zinc Zap”), use of por ta ble X-ray flu o res cence
(XRF) an a lyz ers and use of heavy min er al sur veys (most of
the nonsulphide base-metal ore min er als have high den si -
ties [Ta ble 1]) will im prove the odds for new dis cov ery.
Some of the nonsulphide base-metal-bear ing min er als may

flu o resce un der ul tra vi o let light (Ta ble 1). Hydrozincite
and smithsonite gen er ate dis tinct short-wave, in fra red-
spec tral re sponses, there fore un der fa vour able con di tions
the use of short-wave in fra red spec trom e try (SWIR) and
re mote sens ing may be jus ti fied. Mon i tor ing the wa ter ta ble 
dur ing an ex plo ra tion drill ing pro gram is es sen tial and ob -
tain ing re cords from wa ter well logs in neigh bour ing ar eas
may pro vide use ful in for ma tion. Elec tron i cally avail able
re sults of Re gional Geo chem i cal Sur veys (avail able on the
MapPlace website; BC Geo log i cal Sur vey, 2008) are use -
ful. Gla ci ation re duces the chances of pre serv ing the soft
CHNSBM de pos its. Trac ing min er al ized gla cial er rat ics
back to their source may help to lo cate such de pos its. From
a geo phys i cal point of view, nonoxidized sul phide zones
con tain ing pyrrhotite will have the best po ten tial to be de -
tected by air borne elec tro mag netic (EM) sur veys. The self-
potential (SP) method is ideal to detect zones of active
sulphide oxidation, unfortunately the method has a very
limited depth of penetration.

Re gard less of the in ten sity of the gla cial scour ing and
ero sion, the shape and ori en ta tion of the CHNSBM bod ies
ap pears to be key to their pres er va tion through the gla ci -
ation. Steeply plung ing, rod-shaped nonsulphide ox ide de -
pos its (such as those of the Reeves Mac Don ald area), with
their small est di men sion ex posed at sur faces (Fig ure 8), en -
closed in com pe tent rocks (i.e., dolomitized lime stone),
have ex cel lent pres er va tion po ten tial. Flat-ly ing ex posed
de pos its, with the larg est di men sions coplanar with ero sion
sur face have low est sur vival po ten tial. On the pos i tive side, 
lo cal, small-scale trans por ta tion of nonsulphide ore frag -
ments from steeply plung ing CHNSBM bodies is
considered beneficial for exploration.

CONCLUSION

The as so ci a tion of many known CHNSBM zones with
un der ly ing mas sive sulphides in com bi na tion with
nonsulphide ore char ac ter is tics sug gests that a large pro -
por tion of known CHNSBM min er al ized zones in the
Salmo area are of the di rect-re place ment type. Ge ol o gists
and pros pec tors look in stinc tively for red gos san, which is
com monly as so ci ated with near-sur face ox i da tion of
sulphides; how ever, high-grade Zn, white ores are more
dif fi cult to rec og nize. At least in some cases, mas sive,
nonsulphide white ores were not vi su ally dis tin guished in
the past from the com mon bar ren dolostone (Gorzynski,
2001). While the lo ca tions of a large pro por tion of out crop -
ping red ore nonsulphide de pos its in the Salmo area are
prob a bly al ready known, it is con ceiv able that eco nom i -
cally sig nif i cant Zn-rich CHNSBM de pos its con tain ing
white ore re main to be dis cov ered. There are many ge netic
fac tors, such as the tim ing of the ox i da tion of sulphides that
re main to be better con strained. The Salmo min ing camp
can be con sid ered an ex am ple of eco nom i cally sig nif i cant
near-sur face CHNSBM de pos its within a gla ci ated area.
Shape and ori en ta tion of a CHNSBM deposit may be the
key factor that determines if a given deposit survives
glaciation or not.
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Geochemistry Projects of the British Columbia Geological Survey

by R.E. Lett and J. Doyle
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Span ish Moun tain

INTRODUCTION

Geo chem is try tra di tion ally plays a sig nif i cant role in
Brit ish Co lum bia min eral ex plo ra tion and in the past has
been re spon si ble for the dis cov ery of sev eral eco nom i cally
vi a ble de pos its. Drain age sed i ment, soil and rock sur veys
were among the geo chem i cal tech niques first used by min -
ing com pa nies and later by gov ern ment agen cies. Re search
by the Gov ern ment of Can ada and the need to iden tify new
stra te gic min eral re sources en cour aged the fed eral and pro -
vin cial gov ern ments to start a re gional geo chem i cal sur vey
(RGS) over BC in 1976. This sur vey was a part of a Na -
tional Geo chem i cal Re con nais sance (NGR) pro gram that
now cov ers much of Can ada. Re gional stream sed i ment
sur veys were sub se quently un der taken by the BC Geo log i -
cal Sur vey (BCGS) and most re cently by Geoscience BC,
an agency that has also car ried out an am bi tious pro gram of
reanalyzing ar chived drain age sam ples for new el e ments
with aqua regia di ges tion fol lowed by in duc tively cou pled
plasma-mass spec trom e try (ICP-MS) and in stru men tal
neu tron ac ti va tion anal y sis (Jackaman, 2008). BCGS geo -
chem is try pro jects have changed in scope over time from
the man age ment of large re gional data col lec tions to more
fo cus on re search aimed at im prov ing geo chem i cal pros -
pect ing meth ods for min er als. In ad di tion to re search, there
has also been an em pha sis on up dat ing geo chem i cal da ta -
bases with re sults from new sur veys to make da ta bases con -
tin u ously use ful to the min ing com mu nity. This pa per re -
ports on geo chem i cal re search ac tiv i ties and re lated pro ject
work that has been car ried out in the past year.

GEOCHEMICAL DATABASES

Regional Geochemical Survey Database

An at las of con toured maps show ing the spa tial vari a -
tion of As, Au, Cu, Co, Fe, Mn, Mo, Ni, Pb, U and Zn in
stream sed i ment, lake sed i ment and moss-mat sed i ments
was re leased in 2008 by Lett et al. (2008). The el e ment val -
ues used to cre ate the maps were cap tured from a
Microsoft® Ac cess da ta base that con tains lo ca tion co-or -
di nates, field re cords and anal y ses for over 56 000 stream
sed i ment, lake sed i ment and moss-mat sed i ment sam ples
col lected at an av er age den sity of one sam ple per 13 km2.
Up dates of in for ma tion from more de tailed drain age and

Geoscience BC re gional sur veys have pro duced a ver sion
of the da ta base con tain ing re cords for 59 633 sam ple sites.
Stream sed i ment, lake sed i ment and moss-mat sed i ment
sam ple cov er age is shown on Fig ure 1. Ge ol ogy codes are
in cluded in the most re cent da ta base by link ing sam ple sites 
to the geo log i cal poly gons of the BC dig i tal ge ol ogy map
pub lished by Massey et al. (2005). One ad van tage of in -
clud ing strati graphic and rock-type codes for each sam ple
in the da ta base is that the el e ment data can be eas ily used for 
cal cu lat ing drain age sed i ment thresh olds that more re al is ti -
cally re flect bed rock ge ol ogy. An other tool for re fin ing the
in ter pre ta tion of drain age sed i ment geo chem is try is a dig i -
tal catch ment ba sin at las, like the one cre ated by Cui et al.
(2009) for drain age sed i ment sur vey sites on Van cou ver Is -
land. The at las has re vived an ear lier BCGS pro ject by
Sibbick (1994) who re cal cu lated geo chem i cal thresh olds
for drainage sediment samples taken on Vancouver Island
based on the predominant rock type within the limits of the
stream catchment basin.

Till Geochemical Database

Since 1991, the BCGS and the Geo log i cal Sur vey of
Can ada (GSC) have an a lyzed over 5000 drift sam ples col -
lected across the prov ince. Much of these geo chem i cal data
are avail able to the pub lic in dig i tal form. Ferbey (2008)
sum ma rized the spa tial cov er age of BCGS drift pros pect -
ing sur veys and Jackaman (2007) com piled BCGS and
GSC till geo chem i cal sur vey data for parts of the BC in te -
rior af fected by the moun tain pine bee tle in fes ta tion. Lett
(2008) cre ated a da ta base of com bined BCGS and GSC
drift geo chem i cal data from cen tral BC and Van cou ver Is -
land with pre vi ously un pub lished anal y ses of till sam ples
col lected around Mount Milligan (MINFILE 093N 191;
MINFILE, 2008). Fig ure 2 shows the dis tri bu tion of till
sam ple sites and the out lines of the geo chem i cal sur vey ar -
eas. The an a lyt i cal meth ods used to pro duce the till sam ple
data are in stru men tal neu tron ac ti va tion anal y sis (INAA),
aqua regia di ges tion fol lowed by in duc tively cou pled
plasma-emis sion spec tros copy (ICP-ES), ICP-ES with
lith ium metaborate fu sion and loss on ig ni tion (LOI). Not
all of the sam ples have been an a lyzed by these four tech -
niques. In the da ta base, the till sam ples have been clas si fied 
by bed rock ge ol ogy at the sam ple site based on pub lished
BCGS ge ol ogy maps (Massey et al., 2005) and also by
surficial sed i ment type (e.g., lodg ment till, melt-out till,
colluvium) from the descriptions in the source publication
for the geochemical data.

SPANISH MOUNTAIN PROJECT

A geo chem i cal study of the Span ish Moun tain Au-
deposit rock was ini ti ated in 2008 as a Uni ver sity of Vic to -
ria un der grad u ate the sis pro ject (Fig ure 3). Gold min er al -
iza tion at Span ish Moun tain is un usual for BC in that the Au 
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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
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RGS Sample Locations

     Stream sediment sample
     Lake sediment sample
     Moss-mat sediment 
     sample

200 km

Fig ure 1. Re gional Geo chem i cal Sur vey stream sed i ment, lake sed i ment and moss-mat sed i ment sites in
Brit ish Co lum bia.

Fig ure 2. Out line of till pros pect ing sur vey ar eas (from Ferbey, 2008) and lo ca tion of re gional till sam ple
sites, Brit ish Columbia. Ab bre vi a tions: GSC, Geo log i cal Sur vey of Can ada; MEMPR, Min is try of En ergy,
Mines and Pe tro leum Re sources.



is most closely as so ci ated with a black argillite unit within a 
metasedimentary fa cies of the Quesnel Terrane. The de -
posit may be orogenic or sed i men tary-hosted Au based on a 
com par i son to sim i lar de pos its in China, the United States
and Rus sia (Large et al., 2007). At Span ish Moun tain, there
is ex ten sive Fe-Mg car bon ate and serecite al ter ation, vary -
ing Zn, Cu, Sb, Pb, As and Mg con cen tra tions in the bed -
rock that is as so ci ated with the Au min er al iza tion. Among
ques tions that still re main un an swered are the re la tion ship
be tween the car bon ate al ter ation and the Au min er al iza -
tion. Dur ing the sum mer of 2008, bed rock and di a mond-
drillcore sam ples were col lected for op ti cal pe trog ra phy,
min eral iden ti fi ca tion by x-ray dif frac tion, ma jor ox ide,
mi nor and trace-el e ment anal y sis and la ser ab la tion anal y -
sis. The geo chem i cal anal y sis is largely com plete and thin
sections have been examined. Project details are
documented in Paterson, Lett and Telmer (2009).

SOIL GEOCHEMICAL ORIENTATION
STUDIES

Background

Pre lim i nary re sults of de tailed geo chem i cal ori en ta -
tion sur veys car ried out over the Mouse Moun tain and
Shiko Lake min eral oc cur rences as well as the Soda Creek
area were re ported by Lett and Sandwith (2008; Fig ure 3).
The sur veys were car ried out to es tab lish the op ti mum soil
sam pling and an a lyt i cal tech niques to de tect por phyry Cu-
Au min er al iza tion that is com monly cov ered by gla cially
trans ported over bur den. Sam ples from the ma jor soil ho ri -
zons (F-H, B, C) were taken from ver ti cal pro files along

tra verses cross ing each area. The sam ples were an a lyzed
for el e ments by sev eral com mer cial se lec tive ex trac tion
meth ods to de ter mine which com bi na tion of soil ho ri zon
and an a lyt i cal method would give the great est anom aly
con trast (sig nal to noise ra tio) for ore in di ca tor and path -
finder el e ments. Sam ples for prep a ra tion and anal y sis were
taken from the de com posed hu mus (F-H) ho ri zon just be -
neath the sur face veg e ta tion lit ter; the up per B-ho ri zon soil
just un der the eluviated (Ae) ho ri zon (where vis i ble); the
lower B-ho ri zon soil close to the tran si tion from the B- to
C-ho ri zon soil; and from the C-ho ri zon soil. The C-ho ri zon
soil is gla cial sed i ment that is most com monly a till. An ad -
di tional sam ple at each pro file was col lected at a depth of
20–25 cm, in de pend ent of the ho ri zon, for Mo bile Metal
IonSM (MMI) analysis. A typical soil profile is shown in
Figure 4.

The meth ods used to study the soil geo chem is try have
been pre vi ously de scribed by Lett and Sandwith (2008).
Here is a brief sum mary of each an a lyt i cal method:

· Aqua regia di ges tion fol lowed by ICP-MS anal y sis of
the <0.18 mm frac tion of the B-ho ri zon soil sam ple and 
the <0.063 mm frac tion of the C-ho ri zon soil sam ple
for 37 el e ments, in clud ing Au and Cu, at Acme An a lyt -
i cal Lab o ra to ries Ltd. (Van cou ver, BC). F-H–ho ri zon
soil sam ples were milled be fore ICP-MS anal y sis.

· INAA of the <0.18 mm frac tion of the B-ho ri zon soil
sam ple and the <0.063 mm frac tion of the C-ho ri zon
soil sam ple for 33 el e ments, in clud ing Au, at Ac ti va -
tion Lab o ra to ries Ltd. (Ancaster, ON).

· En zyme LeachSM and Bio LeachSM anal y sis of the
<0.18 mm frac tion of the B-ho ri zon soil sam ple for el e -
ments in clud ing Br and I. Bio LeachSM is a pro pri etary

Geo log i cal Field work 2008, Pa per 2009-1 221

Fig ure 3. The lo ca tion of the Span ish Moun tain pro ject area and geo chem i cal ori en ta tion sur -
vey ar eas.

F-H–horizon

Ae-horizon

C Horizon

Upper B-horizon

Lower B-horizon

0

10 cm

Fig ure 4. A typ i cal soil pro file from
Mouse Moun tain, Brit ish Co lum -
bia, with the ho ri zons iden ti fied.



se lec tive ex trac tion de vel oped by Ac ti va tion Lab o ra -
to ries Ltd. that uti lizes bac te rial de com po si tion of min -
eral sulphides. The bac te ria cell mem branes rup ture
when or gan isms die leav ing a di ag nos tic or ganic and
in or ganic geo chem i cal sig na ture. Bio LeachSM dis -
solves the dead bac te rial rem nants in the sur face soils
and de tects the geo chem i cal sig na ture of the sul phide
min er als (E. Hoffman, pers comm, 2008).

· Soil Gas Hy dro car bonsSM (SGH) anal y sis for C5–C17
or ganic com pounds that have been ab sorbed on B-
horizon soil sam ples (Ac ti va tion Lab o ra to ries Ltd.).

· MMI anal y sis, a method de scribed by Mann et al.
(1998), of soil sam ples for met als in clud ing Cu, Pb,
Zn, Ni, Cd, Au, Ag and Co with a pro pri etary se lec tive
ex trac tion (SGS Min er als Ser vices lab o ra tory, To -
ronto, ON).

· Loss on ig ni tion (LOI) at 500oC of the <0.18 mm frac -
tion of the B-ho ri zon soil sam ples at Acme An a lyt i cal
Lab o ra to ries Ltd.

· Min eral grain iden ti fi ca tion, Au grain shape (re -
shaped, mod i fied, pris tine) and the num ber of Au
grains in heavy min eral con cen trates (spe cific grav ity
>3.3) re cov ered from C-ho ri zon soil sam ples at Over -
bur den Drill ing Man age ment (Nepean, ON).

Summary of Results

Lett and Sandwith (2008) con cluded from an ex am i na -
tion of the geo chem i cal data gen er ated mainly by aqua
regia di ges tion–ICP-MS anal y sis of soil sam ples from the
three ori en ta tion sur vey ar eas that anom a lous Cu and Au
with Ag, V and Co in the C- and lower B-ho ri zon soil ap -
peared to be geo chem i cal pathfinders for por phyry Cu-Au
min er al iza tion. How ever, re sults sug gested that the geo -
chem is try of the shal low, up per B-ho ri zon soil is less re -
lated to the un der ly ing par ent till geo chem is try than the C-
ho ri zon soil is be cause of greater mod i fi ca tion by var i ous
soil-form ing and hydromorphic pro cesses. Much of the
geo chem i cal data that was un avail able last year has now
been as sem bled al low ing a more com plete anal y sis of the
in for ma tion but only the soil geo chem i cal and Au min eral
data from the Mouse Moun tain and Shiko Lake min eral
prop er ties will be re viewed in this pa per. A more de tailed
pro ject re port an a lyz ing all of the data will be published in
2009 as a BCGS GeoFile.

Sixty-three el e ments, loss on ig ni tion and soil pH have
been de ter mined by aqua regia di ges tion–ICP-MS, INAA,
MMI, En zyme LeachSM and Bio LeachSM. De tec tion lim its
for each el e ment by each method are sum ma rized in Ta -
ble 1. How ever, only Ag, As, Au, Ba, Co, Cr, La, Mo, Ni,
Sb, Sr, U and Zn have been mea sured by all of the meth ods
and in the case of Cu and Pb there are no INAA re sults. Bro -
mine and I de ter mined by En zyme LeachSM and Bio
LeachSM are of par tic u lar in ter est since halo gens can mi -
grate rel a tively eas ily through thick over bur den and cover
rock and may be pathfinders for deeply bur ied, me tal lic and 
hy dro car bon de pos its. Kendrick et al. (2001) dis cuss the
im pli ca tion of Br:Cl and I:Cl ra tios in fluid in clu sions to
iden ti fy ing the source of Cu-por phyry min er al iz ing flu ids.
Wil liams and Gunn (2002) spec u late that the pres ence of el -
e vated halo gens in En zyme LeachSM so lu tions from soil
sam ples col lected over Au de pos its may re flect the pres -
ence of ox i da tion ha loes over deeply bur ied epi ther mal Au
min er al iza tion. Dunn et al. (2007) stud ied the vari a tion of
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Ta ble 1. El e ments de ter mined by aqua regia di ges -
tion fol lowed by in duc tively cou pled plasma-mass
spec trom e try (ICP-MS) anal y sis, in stru men tal neu -
tron ac ti va tion anal y sis (INAA), En zyme LeachSM, Bio
LeachSM and Mo bile Metal IonSM (MMI) anal y ses with
in stru men tal de tec tion lim its. The - in di cates that an
el e ment was not de ter mined or that all val ues were
be low the in stru men tal de tec tion limit.

ICP-MS INAA MMISM

Enzyme 

LeachSM

Bio 

LeachSM

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

Ag 2 ppb 5 ppb 1 0.2 0.2
Al 100  - 1  -  -
As 0.1 0.5 10 1 0.5
Au 2 ppb 2 ppb 0.1 0.05 0.05
Ba 0.5 50 10 1 1
Be  -  -  - 2 0.07
Bi 0.02  - 1 0.8 0.1
Br  - 0.5  - 5 5
Ca 100 10000 10  -  - 
Cd 0.01  - 1 0.2 0.05
Ce  - 3 5 0.1 0.02
Cl  -  -  - 2  -
Co 0.1 1 5 1 0.1
Cr 0.5 5 100 20 2
Cs  - 1  - 0.1 0.01
Cu 0.01  - 10 3 0.5
Dy  -  - 1 0.1 0.01
Er  -  - 0.5 0.1 0.01
Eu  - 0.2 0.5 0.1 0.01
Fe 100 100 1  -  - 
Ga 0.2  -  - 1 0.1
Gd  -  - 1 0.1 0.03
Ge  -  -  - 0.5 0.05
Hf  - 1  - 0.1 0.04
Hg 5 ppb 1 ppb  - 1 0.05
Ho  -  -  - 0.1 0.01
I  -  -  - 2 1
In  -  -  - 0.1 0.1
La 0.5 0.5 1 0.1 0.01
Li  -  - 5 2 0.2
Lu  -  -  - 0.1 0.01
Mg 100  - 1  -  - 
Mn 1  -  - 1 0.1
Mo 0.01 1 5 1 2
Nb  -  - 0.5 1 0.2
Nd  - 5 1 0.1 0.03
Ni 0.1 20 5 3 0.2
Pb 0.01  - 10 1 0.1
Pr  -  - 1 0.1 0.01
Pt  -  - 1 1 0.5
Pd  -  - 1 1 0.5
Rb  - 15 5 1 0.1
Ru  -  -  - 1 0.05
Sb 0.02 0.1 1 0.1 0.2
Sc 0.1 0.1 5 100 0.5
Se 0.1 3  - 5 1
Sm  - 0.1 1 0.1 0.03
Sn  - 200 1 0.8  - 
Sr 0.5 50 10 1 0.1
Ta  - 0.5 1 0.1 0.01
Tb  - 0.5 1 0.1 0.01
Te 0.02  - 10 1 1
Th 0.1  - 0.5 0.1 0.02
Ti 10  - 3 100  - 
Tl 0.02  - 0.5 0.1 0.2

Tm  -  -  - 0.1 0.01
U 0.1 0.5 1 0.1 0.01
V 2  -  - 1 1
W 0.2 1 1 1 0.01
Y  -  - 5 0.5 0.02
Yb  - 0.5 1 0.1 0.02
Zn 0.1 50 20 10 2

Zr  -  - 5 1 0.5

Element



F, Cl, Br and I in soil and veg e ta tion over three min eral
prop er ties in cen tral BC. At the Mount Polley por phyry Cu
mine, they found that I was the most ef fec tive halo gen path -
finder for the con cealed Cu-Au min er al iza tion. The au thors 
con cluded that while fur ther re search into meth ods for
halo gen anal y sis in geo chem i cal sam ples was needed,
these el e ments proved ef fec tive trac ers for buried
mineralization. They also concluded that the halogen
signatures  var ied depending on the  s tyle  of  the
mineralization.

Ta bles 2, 3, 4 and 5 show the mean, me dian, 95th per -
cen tile and max i mum value sta -
tis tics cal cu lated from Au, Ag,
Cu and Co soil geo chem i cal data
for Mouse Moun tain and Shiko
Lake. These el e ments are se -
lected be cause they are among
com mon geo chem i  cal  path -
finders for Cu-Au por phyry min -
er al iza tion. The geo chem i cal
data for each area is di vided into
sub sets rep re sent ing F-H–, up per
B-, lower B- and C-ho ri zons.
There are no MMI, En zyme
LeachSM and Bio LeachSM sta tis -
tics for the F-H– and C-horizons
be cause these se lec tive ex trac -
tions were only ap plied to the B-
ho ri zon. Mean and per cen tile val -
ues re veal that al most all of the el -
e ments are higher in the Shiko
Lake data sub set com pared to the
Mouse Moun tain data sub set and
they are all higher in the C-
horizon. For ex am ple, the mean
and 95th per cen tile Cu val ues at
Shiko Lake in crease from the F-
H–ho ri zon through the up per B to 
the lower B to reach a max i mum
in the C-ho ri zon (Ta ble 4). Geo -
chem i cal anom aly con trast (the
ra tio of the max i mum el e ment
value to the 95th per cen tile value) 
for el e ments mea sured in se lec -
tive ex trac tions is gen er ally
greater than the con trast for el e -
ments de ter mined by aqua regia
di ges tion–ICP-MS. How ever,
con trast is el e ment de pend ent and 
ex trac tion de pend ent. For ex am -
ple, the MMI Au con trast in Shiko 
Lake soil sam ples is 6 as com -
pared to 1.3 for Bio LeachSM Au
whereas the Bio LeachSM Cu con -
trast is 13 as com pared to 5 for
MMI Cu (Ta bles 2, 4). One wet -
land sam ple from Shiko Lake has
been ex cluded from the sta tis ti cal
anal y sis be cause the high Cu and
Co con tents in the or ganic-rich
ma te rial are not typ i cal of the
well-drained soil chem is try. Un -
like Au, Ag is high est in the F-H–
ho ri zon and gen er ally de creases
with depth through the B- into the
C-ho ri zon. Bio LeachSM Ag con -

trast in both ar eas is greater than MMI Ag con trast and ICP-
MS Ag con trast (Ta ble 3). Co balt soil chem is try is similar
to Cu in that the highest values are in the C-horizon and the
lowest in the F-H–horizon. Cobalt contrast is similar in
both areas for all methods.

A two-sam ple t-test can be ap plied to de ter mine if there 
is a sta tis ti cal dif fer ence at the 0.05 sig nif i cance level be -
tween pop u la tion means. Pop u la tion means were de ter -
mined for sam ples rep re sent ing the ma jor soil ho ri zons;
sam ples were an a lyzed by aqua regia di ges tion–ICP-MS
and INAA. An anal y sis of vari ance (F-test) is ap plied
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ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM ICP-MS MMISM

Enzyme 

LeachSM

Bio 

LeachSM

Au 

(ppb)

Au 

(ppb)

Au   

(ppb)

Au   

(ppb)

Au 

(ppb)

Au 

(ppb)

Au   

(ppb)

Au   

(ppb)

F-H Mean 6.3  -  -  - 5.0  -  -  -
F-H Median 0.3  -  -  - 0.3  -  -  -
F-H 95%ile 8.7  -  -  - 0.8  -  -  -
F-H Max 117.0  -  -  - 143.0  -  -  -
Upper B Mean 1.8  - 0.03 0.03 13.3  - 0.03 0.07
Upper B Median 1.1  - 0.03 0.03 2.9  - 0.03 0.03
Upper B 95%ile 4.6  - 0.09 0.03 49.0  - 0.06 0.20
Upper B Max 12.9  - 0.10 0.05 138.7  - 0.14 0.48
Lower B Mean 3.5 0.2 0.04 0.03 24.0 1.60 0.03 0.08
Lower B Median 2.0 0.2 0.03 0.03 3.6 0.60 0.03 0.03
Lower B 95%ile 13.3 0.6 0.10 0.03 128.6 3.26 0.05 0.21
Lower B Max 24.0 0.7 0.13 0.03 239.1 20.10 0.10 0.27
C Mean 3.1  -  -  - 33.5  -  -  -
C Median 2.6  -  -  - 5.9  -  -  -
C 95%ile 5.7  -  -  - 166.2  -  -  -
C Max 6.8  -  -  - 283.5  -  -  -

C Number 21.0  -  -  - 32.0  -  -  -

Mouse Mountain Shiko Lake

Soil 

Horizon

Ta ble 2. Mean, me dian, 95th per cen tile, max i mum val ues for Au de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics
have been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.

Ta ble 3. Mean, me dian, 95th per cen tile, max i mum val ues for Ag de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics
have been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.

ICP-MS MMISM

Enzyme 
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LeachSM ICP-MS MMISM
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(ppb)

Ag   

(ppb)
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(ppb)

Ag 

(ppb)

Ag   

(ppb)

Ag   

(ppb)

F-H Mean 234.0  -  -  - 305  -  -  -
F-H Median 187  -  -  - 205  -  -  -
F-H 95%ile 498  -  -  - 855  -  -  -
F-H Max 665  -  -  - 1200  -  -  -
Upper B Mean 114  - 0.10 0.12 163  - 0.1 0.1
Upper B Median 74  - 0.10 0.10 141  - 0.1 0.1
Upper B 95%ile 271  - 0.10 0.10 388  - 0.1 0.1
Upper B Max 578  - 0.10 0.60 700  - 0.1 0.1
Lower B Mean 68 16.3 0.10 0.12 174 32.6 0.1 0.1
Lower B Median 68 13.0 0.10 0.10 128 28.0 0.1 0.1
Lower B 95%ile 132 31.0 0.10 0.21 461 68.6 0.1 0.3
Lower B Max 171 41.0 0.10 0.40 696 74.0 0.1 1.0
C Mean 68  -  -  - 112  -  -  -
C Median 53  -  -  - 85  -  -  -
C 95%ile 155  -  -  - 272  -  -  -
C Max 211  -  -  - 614  -  -  -

C Number 21  -  -  - 32  -  -  -
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before the t-test to de ter mine if the data for each ho ri zon has 
an equal or un equal vari ance. Once this is de ter mined, the
ap pro pri ate t-test is used to test the null hy poth e sis (H0) that 
there is no sig nif i cant dif fer ence be tween sam ple means
(Da vis, 1973). Fig ure 5 sum ma rizes the re sults of the t-test
ap plied to el e ment (Au, Ag, As, Br, Co, Cu, Cr, Hg, Fe, Mn,
Mo, Ni, Pb, V, Zn) data for the F-H–ho ri zon com pared to el -
e ment data for the up per B-ho ri zon; el e ment data for the up -
per B-ho ri zon com pared to el e ment data for the lower B-
ho ri zon; and el e ment data for the lower B-ho ri zon com -
pared to the el e ment data for the C-ho ri zon. In both ar eas,
there is a sig nif i cant dif fer ence (at the 0.05 sig nif i cance
level) be tween pop u la tion means for most el e ments, ex cept

Au, in the F-H–ho ri zon tested
against the up per B-ho ri zon.
There is no sig nif i cant dif fer ence
for up per B-ho ri zon el e ments
com pared to lower B-ho ri zon el e -
ments, ex cept for Ag and Zn at
Mouse Moun tain.  How ever,
lower B-ho ri zon el e ments com -
pared to the C-ho ri zon el e ments
re veal that As, Cu, Cr, Fe, Mn, Ni
and V are sig nif i cantly dif fer ent
for Mouse Moun tain sam ples and 
Ag, As, Mn, Pb and Zn are sig nif -
i cantly dif fer ent for Shiko Lake
sam ples. The be tween-ho ri zon
el e ment dif fer ences for Mouse
Moun tain com pared to Shiko
Lake most likely re flect the vary -
ing ef fect of lo cal to pog ra phy,
drain age and cli mate on soil
chem is try. For ex am ple, Rose et
al. (1979) show that the depth to a
Cu-en riched B-ho ri zon soil on
the slope of a hill is greater than
that on a ridge crest due to in -
creased soil de vel op ment on the
hill side.

A t-test also de ter mined if
there were sig nif i cant dif fer ences 
in the pop u la tion means of Au,
As, Br, Cu, I, Mo, Mn, Pb, V and
Zn ex tracted by En zyme LeachSM

and Bio LeachSM from up per B-
ho ri zon soils com pared to lower
B-ho ri zon soils in both ar eas
(Fig ure 5). For the el e ments de -
ter mined by En zyme LeachSM,
only Zn is sig nif i cantly dif fer ent
for the up per B- and lower B-
horizon soil sam ples from Shiko
Lake but for the el e ments de ter -
mined by Bio LeachSM there is a
sig nif i cant dif fer ence for Mn, Br
and I at Shiko Lake and Zn at
both sites. Fig ure 6 sum ma rizes
the re sults of the t-test for el e -
ments ex tracted by MMI com -
pared to those ex tracted by Bio
LeachSM from lower B-ho ri zon
soil sam ples. The fig ure shows
that As, Ba and Mo are sig nif i -
cantly dif fer ent at Mouse Moun -
tain and Au, Ba and Pb sig nif i -

cantly different at Shiko Lake.

At the Shiko Lake prop erty, sev eral tra verses were un -
der taken by Lett and Sandwith (2008) and Petsel (2006)
with soil and soil-over bur den sam ples taken at nu mer ous
sites (Fig ure 7). The bed rock ge ol ogy at Shiko Lake con -
sists of an early Ju ras sic in tru sive com plex emplaced in
hornfelsed metasedimentary rocks, volcaniclastic rocks
and mas sive plagioclase-pyroxene ba salt. The in tru sive
stock con sists of an older bi o tite-pyroxene monzodiorite
phase and youn ger po tas sium-feld spar syenite and al kali-
feld spar syenite phases. Near the cen tre of the stock is
medium- to coarse-grained monzonite con tain ing traces of
mag ne tite and sphene. Py rite and fine-grained, pink,
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Ta ble 4. Mean, me dian, 95th per cen tile, max i mum val ues for Cu de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics
have been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.
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(ppb)

Cu   

(ppb)

Cu 

(ppb)

Cu 

(ppb)

Cu   

(ppb)

Cu   

(ppb)

F-H Mean 12.6  -  -  - 32.7  -  -  -
F-H Median 10.9  -  -  - 13.8  -  -  -
F-H 95%ile 24.4  -  -  - 168.7  -  -  -
F-H Max 29.7  -  -  - 212.0  -  -  -
Upper B Mean 26.1  - 23.8 341.0 124.6  - 74.0 593.7
Upper B Median 23.6  - 23.0 348.0 49.6  - 28.5 426.0
Upper B 95%ile 34.5  - 41.0 565.0 329.3  - 249.8 1135.8
Upper B Max 92.3  - 41.0 680.0 1327.2  - 988.0 2780.0
Lower B Mean 27.5 377.7 30.9 414.9 105.0 1142.0 46.0 748.0
Lower B Median 27.0 385.0 28.0 445.0 57.3 660.0 25.0 524.0
Lower B 95%ile 39.9 547.5 52.6 569.6 280.0 1333.0 176.0 222.0
Lower B Max 49.5 750.0 61.0 595.0 483.0 6070.0 205.0 2830.0
C Mean 48.8  -  -  - 175.1  -  -  -
C Median 40.4  -  -  - 84.4  -  -  -
C 95%ile 89.9  -  -  - 631.1  -  -  -

C Max 123.5  -  -  - 1096.4  -  -  -
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Ta ble 5. Mean, me dian, 95th per cen tile, max i mum val ues for Co de ter mined by sev eral dif fer ent
an a lyt i cal meth ods (aqua regia di ges tion fol lowed by in duc tively cou pled plasma-mass spec -
trom e try [ICP-MS], Mo bile Metal IonSM [MMI], En zyme LeachSM and Bio LeachSM). Sta tis tics have 
been cal cu lated from the anal y ses of 27 Mouse Moun tain and 29 Shiko Lake sam ples.
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Co   

(ppb)

Co   

(ppb)

Co 

(ppb)

Co 

(ppb)

Co   

(ppb)

Co   

(ppb)

F-H Mean 3.9  -  -  - 5.3  -  -  -
F-H Median 3.2  -  -  - 3.7  -  -  -
F-H 95%ile 10.2  -  -  - 13.4  -  -  -
F-H Max 11.2  -  -  - 13.8  -  -  -
Upper B Mean 9.1  - 19.4 69.1 18.0  - 41.0 73.5
Upper B Median 8.9  - 13.0 65.9 15.7  - 28.5 49.2
Upper B 95%ile 11.7  - 46 113 25.5  - 68 171.4
Upper B Max 24.3  - 47 126 77.8  - 276 291
Lower B Mean 9.2 59.3 21.1 74.2 17.8 72.4 35.5 75.0
Lower B Median 9.6 43.5 16.5 67.7 17.3 49.5 30.0 61.2
Lower B 95%ile 11.1 158.2 42.6 129.7 27.4 150.2 83.4 218
Lower B Max 11.9 179 51 155 33.1 175 93 245
C Mean 11.6  -  -  - 19.6  -  -  -
C Median 11.2  -  -  - 15.5  -  -  -
C 95%ile 18.4  -  -  - 40.9  -  -  -

C Max 20  -  -  - 63.5  -  -  -
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quartz-syenite veins and dikes in trude the monzonite form -
ing an in tru sive brec cia. Chal co py rite oc curs in the ma trix
of the brec cia with bornite and gold in veins or as coarse
dis sem i na tions, mainly in the youn gest quartz syenite. Per -
va sive, frac ture-con trolled, po tas sium al ter ation and epi -
dote al ter ation of the volcaniclastic rocks is as so ci ated with
the Cu min er al iza tion. Po tas sium and epidote al ter ation is
cut by late-stage, cal cite-filled veinlets (Lo gan and
Mihalynuk, 2005). Bed rock is largely cov ered by sandy till
de pos ited by a north west ice ad vance. On the steeper
slopes, the till has been mo bi lized and re worked into col lu -
vium. Humo-fer ric podzolic and brunisolic soils have de -
vel oped on the better drained, sandy till whereas organic
and gleysolic soils are common in poorly drained de pres -
sions.

At Shiko Lake, sam ples were col lected at the sites
along a 1 km tra verse lo cated west of the North Zone (Fig -
ure 7). Pro files were cre ated by com bin ing the soil anal y ses
from sites P65 to P70, sam pled by Lett and Sandwith
(2008), with data re ported by Petsel (2006). Petsel sub mit -
ted over bur den sam ples for fire as say, atomic ab sorp tion
and aqua regia di ges tion fol lowed by ICP-ES anal y ses. Fig -
ure 8a shows the re sults for Cu con cen tra tions de ter mined
by aqua regia di ges tion–ICP-MS. There is a marked Cu
anom aly in the C-ho ri zon, it oc curs over an in ter val of
400 m be tween P65 to P68 reach ing a peak value of
405 ppm Cu. The Cu anom aly con trast is great est for the C-
ho ri zon and least for the F-H–ho ri zon. The Cu peak in the
C-ho ri zon also has a dis tinc tive asym met ric shape with a
steep south-fac ing slope and a gen tler north-fac ing slope.
The Cu pro file in the C-ho ri zon has a sim i lar shape and
anom aly con trast to the MMI, En zyme LeachSM and Bio
LeachSM Cu pro files from the lower B-ho ri zon (Fig ure 8b).
Bio LeachSM I and Br pro files (Fig ure 8c) re sem ble Cu pro -
files al though val ues for P68 are miss ing so the sharp peak
is ab sent and the con trast is smaller than the con trast for Cu
in the C-ho ri zon. The halo gen peak is dis placed to the north
of the MMI, En zyme LeachSM and Bio LeachSM peaks.

Sam ples from the same tra verse were an a lyzed for Au
by aqua regia di ges tion–ICP-MS. The Au pro file for the C-
ho ri zon (Fig ure 9a) re veals an anom aly re sem bling the Cu
pro file for the C-ho ri zon (Fig ure 8a) but with a more sym -
met ri cal shape. Again, the Au con trast in the C-ho ri zon is
larger than the Au con trast in the B-ho ri zon (no Au was de -
tected in the F-H–ho ri zon soil sam ples). The larger Au
anom aly con trast in the C-ho ri zon may, in part, re flect a
higher Au con tent in the <0.063 mm frac tion of the sam ple
com pared to the <0.18 mm frac tion of the B-ho ri zon soil
sam ple due to less di lu tion by sand-sized ma te rial. Also
shown in Fig ure 9a are the to tal num ber of Au grains and
pris tine Au grains found in the heavy min eral con cen trates
from the C-ho ri zon sam ples from sites P65 to P70. A
nearby bed rock source for the Cu-Au min er al iza tion would 
ex plain the high num ber of pris tine (unweathered) Au
grains along with a geo chem i cal Au anom aly in the
<0.063 mm frac tion of the C-ho ri zon. Fig ure 9b shows that
for the MMI anal y sis there is a high con trast Au anom aly in
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Fig ure 5. Sum mary of a t-test for the pop u la tion means of se lected
el e ments mea sured by aqua regia di ges tion fol lowed by in duc -
tively cou pled plasma-mass spec trom e try (ICP-MS) and in stru -
men tal neu tron ac ti va tion anal y sis (INAA). Com par i sons were
made be tween the F-H–ho ri zon and the up per B-ho ri zon, the up -
per B- and lower B-ho ri zon and the lower B-ho ri zon and the C-
horizon. Also shown are re sults of a t-test for el e ments mea sured
by En zyme LeachSM and Bio LeachSM anal y sis. Com par i sons were
made be tween the up per B-ho ri zon and the lower B-ho ri zon for the
two ar eas. A red square in di cates a sig nif i cant dif fer ence at the
0.05 sig nif i cance level be tween the means. A blue square in di -
cates no dif fer ence. A blank square in di cates that there were in suf -
fi cient val ues above de tec tion lim its for a test to be ap plied.

Fig ure 6. Sum mary of a t-test for the pop u la tion means of se lected
el e ments in the lower B-ho ri zon. Two dif fer ent anal y ses were com -
pared: Mo bile Metal IonSM (MMI) and Bio LeachSM. A red square in -
di cates a dif fer ence at the 0.05 sig nif i cance level be tween the
means. A blue square in di cates no dif fer ence. A blank square in di -
cates that there were in suf fi cient val ues above de tec tion limits for a 
test to be ap plied.

Fig ure 7. The main min eral zones of the Shiko Lake prop erty (af ter
Petsel, 2006) with soil-over bur den sam pling sites (Petsel, 2006)
and soil pro file sites (Lett and Sandwith, 2008).



the lower B-ho ri zon with a peak at P66 but there is al most
no cor re spond ing in crease in Au in ei ther the En zyme
LeachSM or Bio LeachSM anal y ses over the same in ter val.
The large MMI Au anom aly at P66 cor re sponds to the C-
ho ri zon sam ple with the great est num ber of to tal and pris -
tine Au grains counted in a heavy min eral con cen trate. A
smaller MMI Au peak at P69 has a cor re spond ing to tal and
pris tine Au grain anom aly but only back ground lev els of

Au in the <0.063 mm frac tion of the C-ho ri zon sam ple. Fig -
ure 10a shows that the con cen tra tion of Co in the soil,
de ter mined by aqua regia di ges tion–ICP-MS, is sim i lar to
Cu al though the C-ho ri zon Co con trast is smaller and the
anom aly shape more sym met ri cal be tween P68 and P70
than for Cu in the C-ho ri zon. Se lec tive ex trac tion pro files
(Fig ure 10b) show that the MMI Co and Bio LeachSM Co
anom aly peaks at P68 are dis placed to the south of the C-
ho ri zon Co peak. The MMI Co con trast is smaller than the
Bio LeachSM Co contrast although the anomalies have a
similar pattern.

The char ac ter is tic down-ice asym met ric shape of the
C-ho ri zon Cu anom aly, the abun dance of pris tine Au grains 
in the heavy min eral con cen trate, Br and I pat terns, and the
MMI Au con trast sug gest a Cu-Au min eral source nearby
to the anom aly peak. Al though ice flowed from south east to 
north west re gion ally, the lo cal ice flow could have been de -
flected by the ridge be tween the North and Quarry zones so
that till may have been de pos ited by a more north to south
ice flow. The source of min er al ized rock de tected by the
geo chem is try could there fore be close to the con tact be -
tween in tru sive and volcaniclastic rocks (i.e., near P68 and
P69). A nearby di a mond-drill hole (SH91-18) in ter sected
fine-grained, mod er ately hornfelsed siltstone with >5%
dis sem i nated py rite. The drill log re cords an overburden
thickness of 4.6 m (Petsel, 2006).
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Figure 8. Cop per pro files along a tra verse west of the North Zone,
Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively
coupled plasma-mass spec trom e try (ICP-MS) anal y sis for Cu in
the F- H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Cu in the
lower B-ho ri zon; c) Bio LeachSM anal y sis for Br and I in the up per B- 
and lower B-ho ri zons.
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Fig ure 9. Gold pro files along a tra verse west of the North Zone,
Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively cou -
pled plasma-mass spec trom e try (ICP-MS) anal y sis for Au in the 
F-H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Au in the
lower B-ho ri zon.



A sec ond tra verse at Shiko Lake ex tends more than
500 m across the North East min er al ized zone. Fig ure 11a
shows Cu con cen tra tions in the F-H–, up per B-, lower B-
and C-ho ri zons us ing data from Lett and Sandwith (2008)
com bined with the soil-over bur den geo chem is try re ported
by Petsel (2006). Cop per val ues were de ter mined by aqua
regia di ges tion–ICP-MS anal y sis and the pat tern is sim i lar
to the pat tern along the North Zone tra verse (Fig ures 8a,
11a). The Cu in the C-ho ri zon shows the great est anom aly
con trast com pared to other ho ri zons and there is an asym -
met ric Cu peak at P60. Bio LeachSM Cu con trast is greater
than the MMI Cu con trast and En zyme LeachSM Cu con trast 
at P60, but there is a sec ond ary MMI Cu anom aly at P56
(Fig ure 11b). The high est Bio LeachSM Br and I val ues (Fig -
ure 11c) oc cur in the lower B-ho ri zon at P62 sug gest ing a
pos si ble bed rock source for the Cu and Au. The Au pat tern
in the C-ho ri zon is sim i lar to Cu and there is a sharp Au
peak at P60, which is also the site of the great est num ber of
to tal and pris tine Au grains in the C-ho ri zon heavy min eral
con cen trate (Fig ure 12a). A sec ond Au peak at P56 in the
lower B-ho ri zon but not the C-ho ri zon has a cor re spond ing
marked MMI geo chem i cal anom aly (Fig ure 12b). The
asym met ric shape of the Au and Cu peaks sug gests the
source to be min er al ized ma te rial in till, which has been de -
pos ited by ice flow ing from north to south. Since this is at
vari ance to the re gional ice-flow di rec tion, a likely

explanation is that there are several sources of Au shown by 
the multiple peaks along the profile.

CONCLUSIONS

· Re gional geo chem i cal sur vey and re gional till sur vey
da ta bases have been up dated with new in for ma tion in -
clud ing spa tial links of sam ple lo ca tions to bedrock
geology.
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Fig ure 10. Co balt pro files along a tra verse west of the North Zone,
Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively cou -
pled plasma-mass spec trom e try (ICP-MS) anal y sis for Co in the 
F-H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Co in the
lower B-ho ri zon.
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Fig ure 11. Cop per pro files along a tra verse across the North East
Zone, Shiko Lake: a) aqua regia di ges tion fol lowed by in duc tively
cou pled plasma-mass spec trom e try (ICP-MS) anal y sis for Cu in
the F-H–, up per B-, lower B- and C-ho ri zons; b) Mo bile Metal IonSM

(MMI), En zyme LeachSM and Bio LeachSM anal y ses for Cu in the
lower B-ho ri zon; c) Bio LeachSM anal y sis for Br and I in the up per B- 
and lower B-ho ri zons.



· Aqua regia di ges tion–ICP-MS anal y ses of soil sam -
ples from tra verses over the Mouse Moun tain and
Shiko Lake por phyry Cu-Au min eral de pos its show
that Cu and Au anom aly con trast is greater for the C-
ho ri zon com pared to the F-H– and B-horizons.

· At Shiko Lake, the asym met ric shape of the Cu anom -
aly in the C-ho ri zon soil and the large num ber of pris -
tine Au grains in the C-ho ri zon heavy min eral con cen -
trates sug gest a nearby min eral source for the soil
anom a lies. How ever, lo cal ice-flow di rec tion may be
dif fer ent from the re gional di rec tion due to de flec tion
by lo cal bed rock to pog ra phy and hence the az i muth
vec tor from the bed rock source cannot be determined
precisely.

· There is very lit tle vari a tion in the el e ment anom a lies
de ter mined by En zyme LeachSM com pared to anom a -
lies de ter mined by other meth ods. Bio LeachSM anal y -
sis re vealed higher con trast Cu and Co anom a lies than
the anom a lies from MMI anal y sis. How ever, for Au
the MMI has higher anom aly con trast than the other
selective extractions.

· In gen eral, Bio LeachSM Br and I show sim i lar geo -
chem i cal pat terns to met als al though the anom aly
peaks ap pear dis placed from the metal peaks.
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Regional Geochemical Survey:
Delineation of Catchment Basins for Sample Sites in British Columbia

by Y. Cui, H. Eckstrand and R.E. Lett

KEYWORDS: catch ment bas ins, spa tial da ta base, SQL, up -
stream query, RDF tri ples, graph the ory, JEQL, dis solve
poly gons, PostGIS, re gional geo chem i cal sur vey, RGS

INTRODUCTION

As part of the re gional geo chem i cal sur vey (RGS) pro -
gram, stream sed i ment, lake sed i ment and wa ter sam ples
have been col lected from 59 633 lo ca tions since 1976, cov -
er ing ap prox i mately 75% of Brit ish Co lum bia (Lett and
Doyle, 2009). Geo chem i cal data from the field and multi-
el e ment anal y ses have been com piled and are avail able to
the pub lic. Jackaman and Balfour (2007) re cently re ported
ad di tional chem i cal anal y ses per formed on RGS ar chived
samples with funding from Geoscience BC.

The geo chem i cal data of the stream sed i ment sam ples
of ten re flects the ge ol ogy and min er al iza tion in the con trib -
ut ing area. As such, a pre ferred way to vi su al ize the re sults
is to cre ate the matic maps with col our themes or pat terns
rep re sent ing el e ment con cen tra tions in up stream catch -
ment basins (Sibbick, 1994).

Catch ment bas ins are rec og nized as more ef fec tive in
de fin ing zones of in flu ence for the geo chem i cal re sults from
s t ream sed  i  men t  sam p les  (Bonham-Car t e r  and
Goodfellow, 1986; Bonham-Carter et al., 1987). Pre vi ous
stud ies have linked the catch ment ba sin, stream or der and
stream gra di ent to the source of the anom a lies de tected in
stream sed i ment, es pe cially in small catch ment bas ins with
first- and sec ond-or der streams (Hawkes, 1976; Sleath and
Fletcher, 1982). This link, how ever, might be weak or even
de coup led when the catch ment bas ins are large, the geo -
mor phol ogy is di verse and the hy drau lic forces vary sig nif -
i cantly across the catch ment area (Leggo, 1977; Ryder and
Fletcher, 1991; Fletcher, 1997). Bed rock ge ol ogy, slope,
as pect, veg e ta tion, dif fer en tial weath er ing of bed rock,
rain fall, wild life and other phys i cal vari a tions in the catch -
ment bas ins in flu ence the com po si tion of the stream sed i -
ment sam ple and con trib ute to within-ba sin vari a tion
(Jackaman and Matysek, 1995; Matysek and Jackaman,
1995; Matysek and Jackaman, 1996).

In BC, pre lim i nary catch ment bas ins were de lin eated
for 290 RGS sam ples (Sibbick, 1994) cov er ing part of
north ern Van cou ver Is land (NTS 092L/03, 04, 05 and 06).
These were based on 1:100 000 scale top o graphic maps that 
were photo re duced from the 1:50 000 scale NTS maps.
Catch ment bas ins were de fined as the top o graphic heights

of land that sep a rate stream drainages. Catch ment bas ins
were de lin eated by hand trac ing the heights of land (rep re -
sented by con tours) onto a My lar over lay. The re sult ing
poly gons were then dig i tized at 1:100 000 scale and each
poly gon la belled to cor re spond to its RGS sam ple num ber.
Fol low ing a sim i lar method, 3 906 catch ment bas ins were
de lin eated for RGS sam ples lo cated in 1:250 000 scale NTS 
map ar eas 103I, 103J, 103O and 103P (Jackaman and Mat -
ysek, 1995; Matysek and Jackaman, 1995; Matysek and
Jackaman, 1996).

The pre vi ous work dem on strated a new way of dis sem -
i nat ing geo chem i cal sur vey re sults for stream sed i ment and 
wa ter sam ples. There are, how ever, short falls in the catch -
ment ba sin meth od ol ogy and out come due to the lim i ta tion
and avail abil ity of hy dro graphic data and spa tial tech nol -
ogy, including that

· there is no prov ince-wide cov er age of catch ment bas -
ins for the RGS sam ple sites; only less than 8% of the
RGS sites have been de lin eated and pub lished since
1994;

· the pre vi ous de lin ea tion pro cess was la bour in ten sive
and very time con sum ing;

· man ual catch ment-ba sin de lin ea tion has the po ten tial
to in tro duce in con sis tency in the results;

· heights of land were not avail able for ev ery drain age
within a catch ment ba sin, im pos si ble to query a given
catch ment ba sin at a finer gran u lar ity; and

· the 1:100 000 scale top o graphic base used for the de -
lin ea tion was gen er ated from 1:50 000 scale top o -
graphic maps and lacks res o lu tion and detail.

The main fo cus of the pro ject de scribed in this pa per is
to de velop a fully au to mated pro cess to yield highly re li able 
catch ment bas ins for a num ber of reasons:

· A re peat able al go rithm gen er ates con sis tent catch ment 
basins.

· De lin eat ing catch ment bas ins is pos si ble af ter cor rec -
tions or ad just ments are made to the sam ple lo ca tions,
when new sam ple sites are avail able or when new and
more de tailed top o graphic maps are available.

· Re fin ing catch ment bas ins with cri te ria pro vided by
us ers is pos si ble.

· A pro cess ing en vi ron ment based on open stan dards or
so lu tions im ple mented with open stan dards (such as
those by Open Geospatial Con sor tium and the In ter na -
tional Or ga ni za tion for Stan dard iza tion) en sures its
interoperability with last ing rel e vance in the fore see -
able future.

· Rapid pro cess ing of prov ince-wide sam ple sites is pos -
si ble, and pro cess ing of a small group of sites and re -
turn ing re sults in real time over a web ser vice is
achiev able.
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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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The most cur rent and de tailed BC Pro vin cial Ter rain
Re source In for ma tion Man age ment (TRIM) wa ter sheds
with fully con nected stream net works are used as the top o -
graphic base in the de lin ea tion of catch ment bas ins for
stream sed i ment and water sample sites.

DESCRIPTIONS OF INPUT DATA

Regional Geochemical Survey Data

The RGS data in clude 59 633 sam ple lo ca tions, field
ob ser va tions and an a lyt i cal re sults for up to 40 met als for
wa ter, stream and lake sed i ment sam ples col lected over a
pe riod of 30 years. Sam ple sites are plot ted on 1:50 000
scale NTS maps and co-or di nates are es ti mated or mea -
sured. The 1:50 000 scale NTS maps are based on the
NAD27 da tum and have not been up dated since pub li ca -
tion.

Of the RGS sam ple lo ca tions, 51 639 are stream sed i -
ment and wa ter sam ple sites. Stream sed i ment and wa ter
sam ples are col lected mostly above the con flu ences for
first- or sec ond-or der drainages.

Watersheds and Stream Network Data

Wa ter sheds and stream net works are the top o graphic
drain age base that is used for the de lin ea tion of RGS catch -
ment bas ins. For this de lin ea tion ex er cise, we used a ver -
sion of the wa ter sheds and stream net works pro duced in
June 2008 by the BC In te grated Land Man age ment Bu reau
(ILMB). In to tal, there are 3 241 667 wa ter shed poly gons
and 4 910 953 stream net work edges. The data are de rived
from the 1:20 000 scale TRIM top o graphic base and are
con sid ered as one of the pro vin cial stan dard hy dro graphic
datasets with fully con nected stream net works and well-
formed wa ter shed poly gons. Stream data col lected through
TRIM II and up dates from the TRIM data ex change pro -
gram were not included in the stream networks.

Stream net works have full con nec tiv ity by add ing
‘skel e ton’ net work edges or con nec tors through wa ter bod -
ies such as lakes, rivers and ca nals dig i tized as poly gons, in
ad di tion to the TRIM hy dro graphic fea tures, in clud ing
con struc tion lines for poly gon clo sures or connections.

The wa ter sheds were de lin eated as po lyg o nal units
from height-of-land bound aries gen er ated from the TRIM
dig i tal el e va tion model (DEM) and TRIM hy dro graphic
data. The wa ter shed units are fine-grained; how ever, they
are not sub di vided as left drain age and right drain age to a
stream net work edge. The no tion of 0-or der drainages is
prob lem atic for up stream que ries if sam ple sites are located
in those watersheds.

Nongeometric at trib utes for both wa ter sheds and
stream net works in clude names for hy dro graphic fea tures,
drain age or der and mag ni tude, cross ref er enc ing of hy dro -
graphic fea tures be tween data based on 1:20 000 scale
TRIM and NTS 1:50 000 scale maps, and hi er ar chi cal keys. 
Mod i fied Strahler drain age or der and mag ni tude (Strahler,
1952) were gen er ated, in clud ing the no tion of 0-or der
drain age for small wa ter shed units along river banks or
lakes that do not have drain age edges. The no tion of hi er ar -
chi cal keys was in tro duced to pro vide the abil ity to carry
out up stream and down stream que ries in a nonspatial man -
ner. The hi er ar chi cal keys were com puted as the pro por -
tional dis tance along a stream where a child stream flows

into its par ent. The hi er ar chi cal keys are available in both
the watersheds and stream networks.

METHODS

Computing Environment

All the data pro cess ing and anal y ses were car ried out
in a 32-bit de vel op ment en vi ron ment con fig ured for a num -
ber of ob ject-re la tional da ta bases with spa tial ex ten sion,
in clud ing PostgreSQL/PostGIS and Microsoft® SQL
Server® 2008. Ex trac tion, trans for ma tion and load ing
(ETL) tools in clude FME from Safe Soft ware, JTS and
JEQL (Da vis, 2008a, b). The main vi su al iza tion en vi ron -
ment and ear lier prototyping were car ried out us ing Man i -
fold® Sys tem ver sion 8. Re sults are stored in a da ta base and
were con verted by JEQL to KML for mat for vi su al iza tion
us ing GoogleTM Earth.

Ad di tional test ing of up stream que ries was car ried out
in a 64-bit en vi ron ment con fig ured with AllegroGraph
RDF Tri ple Store (Franz, 2008), with stream edges as RDF
(Re source De scrip tion Frame work) triples.

The main pro gram ming in ter faces are VBscript® in
Man i fold, SQL for Microsoft SQL Server and PostGIS,
PL/pgSQL in PostGIS, Java in AllegroGraph and Perl for
batch pro cess ing.

A high-level view of the sys tem ar chi tec ture for this
pro cess ing en vi ron ment is de picted in Fig ure 1. Each of the
com po nents con sists of a subsystem.

This en vi ron ment is con fig ured with spa tial da ta bases
and soft ware com po nents that have ei ther im ple mented the
Open Geospatial Con sor tium (OGC) Sim ple Fea tures
Spec i fi ca tion for SQL (SFS; Open Geospatial Con sor tium,
1999) or are interoperable at a more prim i tive and prac ti cal
level. A ma jor ef fort was made to en sure the sim plic ity and
con sis tency in the data model across dif fer ent sub sys tems.
This prac tice saves time as data are readily trans fer able be -
tween dif fer ent sub sys tems to the en vi ron ment where per -
for mance is op ti mal. Com pli ance with OGC SFS has the
ben e fit of im ple ment ing the same sets of bi nary pred i cates
and spa tial func tions, re sult ing in the de vel op ment of ap pli -
ca tions us able in different subsystems either directly or
with minimum modification.
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Fig ure 1. High-level view of sys tem ar chi tec ture for the up stream
pro cess ing en vi ron ment.



The stream lined pro cesses are out lined in Fig ure 2,
with more de tailed de scrip tions in the fol low ing three sec -
tions.

Data Loading

Be fore the data are loaded into the spa tial da ta base, ef -
fort is in vested into sim pli fy ing data mod els for the in put
datasets. The prac ti cal ity and con sis tency of data mod els
across dif fer ent sub sys tems en sure the interoperability of
ap pli ca tions and data in a more mean ing ful way. Re sults are 
achieved through a level of data mod el ling and automated
schema mapping.

Data load ing is car ried out in batch mode through
FME, Man i fold and, in ear lier tests, through Shape2SQL
by SharpGIS (Niel sen, 2008).

When data are loaded into a spa tial da ta base, a pro cess
is used to val i date the ge om e tries against the OGC Sim ple
Fea tures Spec i fi ca tions. The syn tax for Microsoft SQL
Server is of the form:

UPDATE [topobase].[dbo].[watesheds_poly] 
SET GEOM=GEOM.MakeValid();

This pro cess au to mat i cally con verts in valid ge om e -
tries into valid OGC SFS-type ge om e tries. This step is cru -
cial as the spa tial op er a tion us ing the data can fail if the ge -
om e tries are not com pli ant to the OGC standard.

A spa tial in dex is cre ated for ev ery ta ble with ge om e -
try. Ad di tional in di ces are cre ated de pend ing on the query.

For RGS sam ple sites, a query is used to cre ate a new
ta ble with stream sed i ment and wa ter sam ple sites only.

Upstream Query

The up stream query is the pro cess used to search and
col lect all the up stream wa ter sheds. It con sists of the fol -
low ing stages:

The first stage is to find wa ter shed poly gons that con -
tain RGS stream sed i ment and wa ter sam ple sites. These
poly gons are called ‘root’ wa ter sheds (Fig ure 3). A SQL
state ment to do this would look like:

SELECT b.mas ter_id, a.wa ter shed_id INTO
rgs_stream_rootwatershed

FROM wa ter shed_poly a,
rgs_stream_sites_sp b

WHERE ST_CONTAINS(a.geom, b.geom);

The catch ment bas ins could in clude a small down -
stream area be low the sam ple sites by us ing ‘root’ wa ter -
sheds. If the sam ple sites are close to the con flu ences, the
down stream ar eas should be small and in sig nif i cant. A re -
fine ment on this meth od ol ogy could elim i nate all the
downstream areas.

In the sec ond stage, root wa ter sheds, or the equiv a lent
of root stream edges, are used to query and col lect the up -
stream wa ter shed poly gons or stream edges. Three meth -
ods were pro posed. In the first method, the hi er ar chi cal
keys were used to search the up stream wa ter sheds or stream 
edges in a nonspatial query. As dis cussed in the next sec tion 
of this pa per, this is a time-con sum ing query if the dataset is
large.

In the sec ond method, a graph the ory (e.g., Bondy and
Murty, 1976) ap proach was used. The ba sic con cept is to
use stream net works as edges to form RDF tri ples as spec i -
fied by Re source De scrip tion Frame work (W3C, 2000,
2004), such as:
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Fig ure 2. Sim pli fied pro cess ing flow di a gram.

Fig ure 3. Catch ment ba sin de lin ea tion stages de picted with ex am ples: a) lo cate root wa ter shed (high lighted in or ange) for a sam ple site
(yel low dot), b) re trieve all up stream wa ter sheds (high lighted in red) and c) dis solve the up stream wa ter sheds as the catch ment ba sin for
the sam ple site.



edge_a, “is up stream of”, edge_b

End points of stream net works are ex tracted out of the
PostGIS da ta base and are used to ex tract stream edges and
iden tify their top o log i cal re la tion ship through a spa tial
query such as:

SELECT rt.cwb_edgeid, up.cwb_edgeid AS
upedgeid, (rt.the_geom) AS the_geom

INTO bc_upedges_2_sp

FROM all_edge_end points rt,
all_edge_startpoints up

WHERE (ST_in ter sects(up.the_geom,
rt.the_geom)) AND (rt.cwb_edgeid 
up.cwb_edgeid);

The stream edge tri ples are loaded into an RDF Tri ple
Store in AllegroGraph, a da ta base and ap pli ca tion frame -
work de vel oped by Franz (2008). Up stream query is per -
formed on the stream edge tri ples through query APIs (ap -
pli ca tion pro gram ming in ter faces) such as SPARQL (the
pro posed W3C query lan guage) and Prolog with cus tom
code in Com mon Lisp. A vi sual rep re sen ta tion of the
stream graph edges is shown in Figure 4.

A third method is re cur sive que ries us ing a com mon ta -
ble ex pres sion (CTE). It uses the same stream edge tri ples
as the in put data loaded into a re la tional database.

Dissolving Upstream Watersheds

In the last step of the pro cess, the up stream wa ter shed
poly gons are dis solved for each of the RGS stream sed i -
ment and wa ter sam ple sites.

Dis solv ing poly gons re mains one of the most chal -
leng ing tasks in im prov ing per for mance. Open stan dards-
based so lu tions usu ally im ple ment one of the OGC pred i -
cates called ‘UNION’ to com bine or dis solve poly gons.
The spa tial da ta bases tested in our study take con sid er able
time to dis solve a rel a tively small num ber of poly gons. For
the data size in this study, it is not prac ti cal to run such a
query. Al ter na tive meth ods within spa tial da ta bases were
tested, such as the UnionAggregate func tions in Microsoft
SQL Server along with the PostGIS Anal y sis Tool (Mar ti -
nez-Llario et al., 2008) but none pro vided a significant
performance improvement.

A more prac ti cal ap proach is to use JEQL, with the idea 
of a Cas caded Un ion func tion, to dis solve the poly gons out -
side the spa tial da ta base in batch mode (Da vis, 2008a, b).
The JEQL in ter face uses JTS as the spa tial pro cess ing en -
gine and can in ter face with Microsoft SQL Server and
PostGIS.

DISCUSSION OF RESULTS

Data Loading Performance

Ini tially, data load ing takes ap prox i mately 70 min utes
for 4.9 mil lion stream edges and less than two hours for 3.2
mil lion wa ter shed poly gons, us ing a sin gle pro cess from a
desk top work sta tion. Spa tial in dex ing takes ap prox i mately
a quar ter of the load time. Load time can be im proved by
launch ing mul ti ple data-load ing pro cesses from different
workstations.

Locations of RGS Stream Sample Sites

The query to lo cate root wa ter sheds for the RGS
stream sed i ment and wa ter sam ple sites re veals that 94%
are lo cated within wa ter sheds with drain age or ders from 1
to 5, and a small por tion are lo cated in wa ter sheds with
drain age or ders from 6 to 10 (Ta ble 1, Fig ure 5). There are
228 sites lo cated in drain age or der 0 wa ter sheds and an -
other 36 sites that are not con tained in any watershed.

The RGS sam ples sites lo cated in root wa ter sheds with
drain age or ders from 1 to 5 are used for the next steps in up -
stream que ries.

The RGS sam ple sites within drain age or der 0 or not
within any wa ter sheds are sep a rated into an other ta ble to
ver ify their lo ca tions.

There are cases where the RGS stream sam ple sites fall
in wa ter sheds with drain age or der 0 and the wa ter sheds ap -
pear to be skinny in shape and not ad e quately sub di vided
along river and lake banks (Fig ure 6). Up stream que ries on
such a root wa ter shed could re turn a very large catch ment
ba sin (e.g., over half a mil lion up stream watersheds).

The sam ple sites not within any wa ter sheds are all lo -
cated off shore, but within a short dis tance of the sea coast -
line, which is likely due to res o lu tion dif fer ences be tween
the 1:50 000 scale maps and 1:20 000 scale maps. These
sam ple sites will be iden ti fied in a sep a rate study with
streams in the orig i nal 1:50 000 scale NTS maps in dig i tal
copy. With an ex ist ing cross-ref er enc ing be tween the
1:50 000 scale hy dro graphic fea tures and the more de tailed
1:20 000 scale TRIM streams, the RGS sam ple streams will
be matched or linked to TRIM streams and the RGS sam ple
sites trans ferred or snapped to the TRIM streams.

The RGS sam ple sites within wa ter sheds with a drain -
age or der above 5 could in clude large up stream ar eas that
are mean ing less when the en tire catch ment ba sin is de lin -
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Fig ure 4. Vi sual rep re sen ta tion of up stream graph shown on
Google Earth (Google, 2008).



eated. In this study, these sam ple sites (less than 5% of the
to tal) were fil tered out for dis solv ing wa ter shed polygons.

Upstream Watersheds

The query on search ing and col lect ing up stream wa ter -
sheds for the RGS stream sed i ment and wa ter sam ple sites
was car ried out in PostGIS and tested in Microsoft SQL
Server. The query ini tially re turned greater than 47 mil lion
poly gons in 20 hours, av er ag ing one mil lion up stream wa -
ter shed poly gons in 2.3 hours. The sam ple sites within
drain age or der 0 or above 5 forms only 5% of the RGS
stream sam ple sites, but 87% of the up stream wa ter sheds
are as so ci ated with them. The high est RGS site has over
500 000 up stream wa ter sheds. These sam ple sites are fil -
tered out for fur ther pro cess ing be cause the sites need to be
val i dated and an overly large catch ment ba sin is per haps
not use ful. This study pro cessed the re main ing 5.8 mil lion
up stream wa ter sheds for 51 639 stream sed i ment and wa ter
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Stream 

Order

Number of 

RGS Sites
Percentage

0 228 0.44%

1 6544 12.68%

2 11736 22.74%

3 16034 31.07%

4 10148 19.67%

5 4291 8.32%

6 1550 3.00%

7 610 1.18%

8 233 0.45%

9 191 0.37%

10 38 0.07%

Table 1. Summary of RGS stream
sediment and water sample sites and 
drainage orders (note: 36 sites are
not contained in any watershed).

Fig ure 5. Drain age or ders of RGS stream sites.



sam ple sites that fall mostly within wa ter sheds
with drain age or der from 1 to 5.

In  a  sep  a  ra te  tes t ,  the  Al legroGraph
RDFStoreTM was used to tra verse the edge trees
and re trieve 1 000 000 up stream edges in only
6 sec onds (not in clud ing the time to write re sults).
Tra versal of edge trees hap pens at ba si cally com -
puter mem ory speed. While it is rec og nized that
this is not a fair com par i son, the per for mance
num bers nev er the less are in ter est ing enough to
war rant fur ther in ves ti ga tion of graph-the ory–
based tech nol ogy such as AllegroGraph for the
im prove ment of up stream que ries, in ad di tion to
its emerg ing spa tial-tem po ral rea son ing ca pa bil i -
ties in ap pli ca tions such as build ing knowl edge
base with RDF triples (Aasman, 2008a, b) and
mapping mineral potential.

The per for mance from re cur sive CTE is also
im pres sive. They are ca pa ble of re triev ing over 1 000 000
up stream edges in less than 50 sec onds in a re la tional da ta -
base, in clud ing the time to group and write output.

Results on Delineating Catchment Basins

In to tal, 5.7 mil lion poly gons were suc cess fully dis -
solved into 51 639 catch ment bas ins in 3 hours by JEQL in -
ter fac ing into PostGIS, in a batch mode with RGS sam ple
sites di vided into groups of 1 000 sam ple sites. Since the
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Fig ure 6. Ex am ple of an RGS stream sam ple lo cated in a 0-or der wa ter shed ad -
ja cent to a river. Note the skinny shape of the wa ter shed is high lighted.

Fig ure 7. Ex am ple of catch ment bas ins themed with cop per con cen tra tions for RGS sed i ment sam ples on Van cou ver Is land.



pro cess ing is car ried out on desk top workstations out side
the da ta base, mul ti ple pro cesses could be launched si mul -
ta neously from dif fer ent desk top workstations to sig nif i -
cantly im prove per for mance, which is being further tested.

In an ear lier de vel op ment, poly gons were dis solved
with VBscript in Man i fold with re sults shown in Fig ure 7.
In small batch test ing, both PostGIS and Microsoft SQL
Server were ca pa ble of dis solv ing up to 30 000 poly gons
within 30 min utes. When all 5.7 mil lion poly gons were
sub mit ted for dis solv ing, the query ran for up to six days
with out returning any results.

Known Issues

The catch ment bas ins were de lin eated for RGS stream
sed i ment and wa ter sam ple sites that were con sid ered to be
rea son ably cor rect. Fewer than 5% of the sites were not pro -
cessed due to their lo ca tions ei ther out side any wa ter shed or 
within wa ter sheds with a drain age or der 0 or above 5. If
these er rors are elim i nated, it should take less than two days 
to re pro cess all the RGS stream sed i ment and water sample
data.

Even af ter fil ter ing out the RGS sam ple sites within
wa ter sheds with drain age or der 0 or above 5, some sam ple
sites still have rel a tively large catch ment ba sin ar eas. A new 
ver sion of catch ment bas ins should be de lin eated with lim -
ited up stream reaches, such as within an ar bi trary cut-off
distance.

Wa ter sheds with drain age or der 0 are still an is sue. A
le git i mate sam ple site lo cated within this type of wa ter shed
will in val i date up stream query results.

The hy dro graphic base does not have the no tion of left
and right drainages for a given stream edge, lim it ing the
pos si bil ity of fur ther re fine ment of catch ment bas ins with
finer gran u lar ity us ing cri te ria such as slope or ge ol ogy to
com pare re sults on the left drain age ver sus the right
drainage.

CONCLUSIONS

A fully au to mated pro cess was de vel oped for the de lin -
ea tion of catch ment bas ins (also known as an up stream
query). It was ap plied for the de lin ea tion of catch ment bas -
ins for the RGS stream sed i ment and wa ter sam ple sites.
The re sults will be re leased once data qual ity has been ver i -
fied and ab er rant lo ca tions for a small num ber of sample
sites are addressed.

Ob ject-re la tional da ta bases with spa tial ex ten sion
have rea son able per for mance in data stor age and sim ple
que ries, but are not fast enough for in tense pro cess ing or
com plex spa tial or nonspatial que ries. Java ap pli ca tion-
based so lu tions out per form spa tial da ta bases by a wide
mar gin in in tense pro cess ing. Graph-the ory–based meth -
ods also po ten tially open the door for other applications in
geoscience.

This pro cess ing is fa cil i tated in an interoperable sys -
tem en vi ron ment con fig ured with spa tial da ta bases and
Java ap pli ca tions that are im ple mented with open stan -
dards-based ge om e try data type, bi nary pred i cate and
spatial functions.
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