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Foreword

Geoscience BC Overview

Geoscience BC (GBC) is a unique, in dus try-led, in dus try-fo cused, not-for-profit geoscience or ga ni za tion. Since its in cep -
tion in April 2005 with a $25 mil lion start-up grant from the Gov ern ment of Brit ish Co lum bia, GBC has pur sued its man date
of at tract ing new ex plo ra tion in vest ment to Brit ish Co lum bia through a com bi na tion of GBC-led ini tia tives and fund ing of
part ner ship pro jects. The ma jor ity of GBC’s part ner ship pro jects are iden ti fied through an an nual Re quest for Pro pos als
(RFP) pro cess, which takes place each fall. Geoscience BC–led geo phys i cal and geo chem i cal sur veys have been de vel oped
by GBC’s Tech ni cal Ad vi sory Com mit tees, staff and Pro ject Team, and un der taken by means of con tracts awarded through
a call for bids, or sole-sourced where specific technical expertise was required.

Geoscience BC ob tains in dus try in put into pro ject plan ning through our Pro ject Team of in dus try con sul tants and our two
Tech ni cal Ad vi sory Com mit tees (Min er als and Oil & Gas) of ded i cated in dus try vol un teers and gov ern ment geoscientists,
who ad vise GBC’s Board of Di rec tors on pro ject pri or i ties and re view pro pos als received in response to the RFPs.

As of De cem ber 2008, GBC has sup ported 47 part ner ship pro jects with an in vest ment of $6.6 mil lion, which has been
matched by over $5.6 mil lion in part ners’ funds. These pro jects in clude air borne geo phys i cal sur veys, geo chem i cal sur -
veys, min eral de posit stud ies, map ping pro jects, data com pi la tions and nu mer ous oil and gas –re lated pro jects in the
intermontane bas ins. Pro jects funded through Geoscience BC’s Fall 2008 RFP will be announced in early 2009.

Geoscience BC has also funded three ma jor GBC-led pro jects: QUEST, QUEST-West and Nechako Seis mic. The QUEST
and QUEST-West pro jects fo cus on high light ing the min eral po ten tial in BC’s in te rior us ing re gional geo phys i cal and geo -
chem i cal sur veys, with QUEST fo cus ing on the Quesnel Terrane be tween Wil liams Lake and Mac ken zie, and QUEST-West 
fo cus ing on the Stikine Terrane be tween Vanderhoof and Ter race. To gether, these pro jects rep re sent over $10 mil lion in
pub lic geoscience in vest ment in BC. Fund ing part ners for QUEST and QUEST-West in clude the North ern De vel op ment
Ini tia tive Trust, the Prov ince of Brit ish Co lum bia and the Re gional Dis tricts of Bulkley-Nechako and Kitimat-Stikine. All
QUEST and some QUEST-West geo phys i cal data are now avail able through Geoscience BC’s website, with the re main ing
QUEST -West geo phys ics and geochemistry scheduled for release in early 2009.

The third GBC-led pro ject, Nechako Seis mic, is Geoscience BC’s first ma jor oil and gas pro ject. The 330 line-kilo metres of
Vibroseis® seis mic data col lected this past sum mer in the north ern Nechako Ba sin will aid in de ter min ing hy dro car bon po -
ten tial in the ba sin. This $2.5 mil lion pro ject was funded by Geoscience BC and a grant from the North ern De vel op ment Ini -
tia tive Trust, and was made pos si ble through the sup port of the Nazko First Na tion, BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, BC Oil and Gas Com mis sion and Bighorn Land & Field Service Ltd.

In ad di tion to the orig i nal start-up grant of $25 M, the Prov ince of Brit ish Co lum bia has gen er ously sup ported Geoscience
BC with an ad di tional $11.7 M grant in the 2008 pro vin cial budget.

Geoscience BC Summary of Activities 2008

Geoscience BC is pleased to pres ent the re sults of on go ing and re cently com pleted geoscience pro jects and sur veys in this,
our sec ond edi tion of the Geoscience BC Sum mary of Ac tiv i ties. The vol ume is di vided into three sec tions, and con tains a to -
tal of 21 pa pers, pre pared by in dus try con sul tants and con trac tors, uni ver sity-based re search ers and government
geoscientists.

The first sec tion con tains two pa pers on the QUEST-West Pro ject in cen tral Brit ish Co lum bia, high light ing the geo phys i cal
and geo chem i cal sur veys that make up this $5.4 mil lion pro ject. The sec ond sec tion con tains eleven pa pers on min eral ex -
plo ra tion–re lated part ner ship pro jects sup ported by Geoscience BC, in clud ing geo chem i cal, surficial ge ol ogy, map ping,
min eral de posit and rock prop erty data com pi la tions. The third sec tion con tains eight pa pers high light ing Geoscience BC’s
Nechako Seis mic Pro ject, and com ple men tary part ner ship pro jects fo cused in BC’s in te rior bas ins. All pa pers are also
avail able on Geoscience BC’s website (www.geosciencebc.com), and we en cour age read ers to visit website for ad di tional
in for ma tion on all the pro jects, in clud ing pro ject ab stracts, posters and presentations, and final datasets for all GBC-funded
projects.
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QUEST-West Geophysics in Central British Columbia
(NTS 093E, F, G, K, L, M, N, 103I): New Regional Gravity and Helicopter-Borne

Time-Domain Electromagnetic Data

P.L. Kowalczyk, Geoscience BC, Vancouver, BC, kowalczyk@geosciencebc.com

Kowalczyk, P.K (2009): QUEST-West geo phys ics in cen tral Brit ish Co lum bia (NTS 093E, F, G, K, L, M, N, 103I): new re gional grav ity
and he li cop ter time-do main elec tro mag netic data; in Geoscience BC Sum mary of Ac tiv i ties 2008, Geoscience BC, Re port 2009-1, p. 1–6.

Introduction

Geoscience BC’s 2008 QUEST-West Pro ject con tin ues the
suc cess ful 2007 QUEST pro gram. The sur vey area ad joins
the QUEST area, and ex tends west ward past Ter race and
Kitimat (Fig ure 1). Sim i lar to the QUEST Pro ject, the
QUEST-West Pro ject com bines air borne geo phys i cal sur -
veys with new re gional geo chem i cal data, pro vid ing new
geoscience datasets that will help un cover the sig nif i cant
min eral po ten tial of cen tral Brit ish Co lum bia. This pa per
de scribes the new re gional geo phys i cal data ac quired in the
QUEST-West Pro ject, com pris ing an air borne grav ity sur -
vey and a he li cop ter-borne time-do main elec tro mag netic
sur vey (Fig ure 2). The QUEST-West geo chem i cal sur vey
and other pro jects in the QUEST-West pro ject area are de -
scribed in other pa pers in this vol ume, par tic u larly
Jackaman et al. (2008). Fund ing part ners on this pro ject in -
clude Geoscience BC, North ern De vel op ment Ini tia tive
Trust, Re gional Dis trict of Bulkley-Nechako, Re gional
Dis trict of Kitimat-Stikine and BC Ministry of Energy,
Mines and Petroleum Resources.

The QUEST-West air borne grav ity sur vey was re leased in
No vem ber 2008 as Geoscience BC Re port 2008-10 (for
tech ni cal de tails, see Sander Geo phys ics Lim ited, 2008b),
ex tend ing west ward from the QUEST pro ject area (Fig -
ure 3; Barnett and Kowalczyk, 2008). This new grav ity
dataset joins seamlessly with the 2007 QUEST grav ity data
(Geoscience BC Re port 2008-8; for tech ni cal de tails, see
Sander Geo phys ics Lim ited, 2008a) and the 2008 Nat u ral
Re sources Can ada Nechako Ba sin grav ity data re leases
(Dumont, 2008a–d). It pro vides new high-qual ity data to
as sist in the iden ti fi ca tion of re gional min er al iz ing con trols
and help the map ping of ge ol ogy be neath cover, and com -
ple ments the ex ist ing aero mag net ic data, geo log i cal map -
ping and new geo chem i cal data (Jackaman et al, 2008). As
the dataset crosses two UTM zones, the grids and point data 
are cur rently avail able from the Geoscience BC website in

UTM zone 9 WGS84, UTM zone 10 WGS84, and in the BC 
Albers pro jec tion to ac com mo date us age in dif fer ent pro -
jec tions. The sur vey was flown by Sanders Geo phys ics
Lim ited us ing their Air borne Inertially Ref er enced Gra vi -
me ter (AIRGrav™; Sander et al., 2004) and comprises
25 500 line-kilometres (line-km) of new airborne gravity
data.

New he li cop ter-borne time-do main elec tro mag netic
(TEM) data were also ac quired over the QUEST-West area
(Sattel, 2006). The sur vey was flown by Aeroquest Lim -
ited, us ing their Aerotem™ III sys tem, with more than
12 900 line-km of he li cop ter TEM data ac quired at a 4 km
line spac ing (Fig ure 4). These data com ple ment the air -
borne grav ity data and the ex ist ing re gional aero mag net ic
data. The sur vey was not in tended to pros pect for new min -
eral de pos its, but rather to map the re gional geo log i cal re -
sponse (i.e., depth of over bur den, re gional geo log i cal bed -
rock fea tures and throughgoing re gional struc tures). The
sur vey re sults will as sist geo log i cal map ping and pro vide
con text for ex plo ra tion pro jects in the area. Geoscience BC
also com mis sioned de tailed he li cop ter TEM sur veys over
six known de pos its in the QUEST-West area: Mor ri son,
Bell, Granisle, Eq uity Sil ver, Endako and Huck le berry
(MINFILE 093M  007, 093M  001, 093L  146, 093L  001,
093K  006 and 093E  037; MINFILE, 2008). These case
stud ies will pro vide use ful in for ma tion to com pa nies plan -
ning ex plo ra tion pro jects in the QUEST-West and sur -
round ing areas. The QUEST-West helicopter TEM data are
expected to be released at Roundup 2009.

Both the air borne grav ity data and the he li cop ter-borne
TEM sur vey were ac quired with state-of-the-art, fully cal i -
brated dig i tal sys tems. The data are of high qual ity and are
ame na ble to, and in tended for, dig i tal pro cess ing us ing in -
ver sion meth ods to pro duce maps of in ferred depth of bed -
rock, over bur den thick ness and con duc tiv ity, and base ment 
con duc tiv ity. The new case-his tory TEM sur veys car ried
out over par tic u lar de pos its in the QUEST-West pro ject
area add to the ori en ta tion sur vey ac quired over the Mount
Milligan de posit and the de tailed air borne grav ity data ac -
quired over the Mount Milligan, Gi bral tar and Mount
Polley de pos its in 2007. This cat a logue of de posit re -
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Fig ure 1. Out line of the Geoscience BC QUEST-West sur vey ar eas. The red line shows the lim its of the air borne grav ity sur vey, flown at a 2 km line spac ing. The blue out line to the east shows
the area of the ad join ing QUEST sur vey. The red line shows the lim its of the he li cop ter-borne elec tro mag netic sur vey flown at 4 km line spac ing. The small par al lel o gram in the south east cor -
ner rep re sents the area cov ered by the Nat u ral Re sources Can ada (NRCan) air borne grav ity sur vey flown in 2007; the area within QUEST-West cov ered by this sur vey was ex cluded from the
QUEST-West air borne grav ity sur vey. The QUEST, QUEST-West and NRCan Nechako air borne grav ity sur veys were all flown to the same spec i fi ca tions and form a seam less, con tig u ous
block of data.  Dig i tal el e va tion model pre pared by K. Shimamura, Geological Survey of Canada–Vancouver.
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Fig ure 2. Fly ing op er a tions dur ing the grav ity and elec tro mag netic sur veys: A) he li cop ter used by Sander Geo phys ics Lim ited to ac quire
the air borne grav ity data; Sander elected to fly the grav ity sur vey us ing a he li cop ter in stead of a fixed-wing air craft to al low slower flight
speeds and better ad her ence to a pre pro grammed ‘drape’ sur face; photo cour tesy of O. Pe ter son, Sander Geo phys ics Lim ited; B) he li cop -
ter used by Aeroquest Lim ited, with the AeroTEM™ III sys tem and mag ne tom e ter seen be neath the air craft; in set shows the AeroTEM III
trans mit ter and re ceiver coils in more de tail; a Llama he li cop ter suit able for moun tain fly ing was used by Aeroquest in the west ern parts of
the sur vey area to al low better con trol of the sys tem ground clear ance; photo cour tesy of Aeroquest Lim ited. These choices of air craft im -
proved the qual ity of the sur vey, par tic u larly in the more rug ged west ern part of the sur vey area.

Fig ure 3. Sun-shad owed im age of the 2008 QUEST-West air borne grav ity re sults. Shown is the iso stat i cally cor rected Bouguer grav ity im -
age, smoothed with a 3 km fil ter. The flight lines are spaced 2 km apart and are aligned east-west in the UTM zone sys tem. North-south tie
lines were flown at 20 km spac ing.



sponses will re tain its value into the future as reference data
sets for the exploration community.

The grav ity and TEM flight lines have been se lected so that
the TEM data are ac quired along al ter nate grav ity flight
lines. The lines fol low even UTM northings, so their lo ca -
tion is well de fined and they can be used as ref er ence lines
for fu ture infilling.

All QUEST-West data will be re leased through Geoscience
BC’s website at http://www.geosciencebc.com/s/Data
Releases.asp.
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Fig ure 4. He li cop ter-borne TEM sur vey lines in the QUEST-West pro ject area. The six de tailed sur veys, marked with red dots, are (from
north to south) the Mor ri son, Bell, Granisle, Eq uity, Endako and Huck le berry de pos its. The re gional flight lines are ori ented east-west in the
UTM co-or di nate sys tem at 4 km spac ing. The sur vey area crosses the bound ary be tween UTM Zones 9 and 10 at lat i tude 126°W and the
lines turn to ac com mo date the change in ori en ta tion of the UTM grid.
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Introduction

As re cently as the early 1990s, large por tions of cen tral
Brit ish Co lum bia have had lim ited to no re gional geo chem -
i cal cov er age. Al though a num ber of pro vin cial and fed eral
gov ern ment-funded, re con nais sance-scale stream sed i -
ment and wa ter sur veys had been com pleted in the area
prior to 1990, the re gional cov er age was sparse and orig i nal 
an a lyt i cal re sults are now con sid ered in ad e quate. Rec og -
niz ing these de fi cien cies, ef forts were ini ti ated in 1993 by
the BC Geo log i cal Sur vey (BCGS) and Geo log i cal Sur vey
of Can ada (GSC) to im prove the geo chem i cal da ta base of
the re gion. The pri mary ob jec tive of those ef forts was to
pro vide high qual ity data that could be used to better as sess
the min eral po ten tial and in crease the op por tu nity for new
dis cov er ies (Cook, 1997). The sub se quent moun tain pine
bee tle in fes ta tion fur ther sup ported the im por tance of ac -
quir ing and de vel op ing up-to-date in for ma tion for this
area. From 1993 to 2002, a to tal of 2122 drain age sed i ment
and wa ter sam ples were col lected as well as sam ples from
other geo chem i cal sam pling meth ods, such as till and
biogeochemical sur veys (Kerr and Levson, 1997;
Jackaman, 2007b). Start ing in 2005, Geoscience BC-
funded ini tia tives have added an other 6822 new sam ples to
the da ta base and have also sup ported the reanalysis of 7769
pre vi ously col lected stream sam ple pulps us ing mod ern an -
a lyt i cal meth ods (Jackaman, 2006a; Jackaman and Balfour, 
2007, 2008). In 2009, the col lec tion will be fur ther aug -
mented with the release of data from over 950 new sites and
the reanalysis of 3629 samples compiled as part of the 2008
QUEST-West Project (Figure 1).

QUEST-West 2008 Geochemistry Programs

Al though a num ber of re con nais sance-scale stream sur veys 
have been com pleted within the more moun tain ous re gions
of cen tral BC, much of the flat-ly ing pla teau ar eas had not
been sam pled un til rel a tively re cently. Char ac ter ized by a
sub dued land scape that in cludes a large num ber of po ten tial 
lake sites (Fig ure 2), it was de ter mined that lake bot tom
sed i ments could be con sid ered an ap pro pri ate sam ple me -
dia (Cook, 1993). Used spar ingly in other parts of BC but
more rou tinely in cen tral and east ern Can ada, the tech nique
has been shown to be ef fec tive in iden ti fy ing re gional geo -
chem i cal pat terns as well as anom a lous metal con cen tra -
tions re lated to min eral de pos its (Hoffman, 1976; Coker et
al., 1979; Friske, 1991). Sup ported by the re sults of this re -
search, lake-based geo chem i cal sam pling of BC’s cen tral
in te rior pro ceeded in 1993. The ini tial phase con sisted of
sev eral de tailed lake sed i ment sur veys in parts of the
Nechako River map area (Cook and Jackaman, 1994), the
north east cor ner of the Fort Fra ser map area (Cook et al.,
1997) and the Babine por phyry belt (Cook et al., 1998).
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This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Fig ure 1. Lo ca tion of the 2008 QUEST-West drain age sed i ment
sur vey and sam ple reanalysis study ar eas, Brit ish Co lum bia.

http://www.geosciencebc.com/s/DataReleases.asp


More re cently, Geoscience BC has funded sev eral large-
scale sur veys (Jackaman, 2006b, 2007a) cov er ing parts of
the Nechako and Fra ser pla teaus as well as the reanalysis of
ar chived stream and lake sed i ment sam ples (Geoscience
BC, 2008). In 2008, the QUEST-West Pro ject in cluded a
955 site infill sur vey in the north ern Nechako Pla teau (Fig -
ure 3) and 3629 ar chived sam ples were se lected for
reanalysis (Fig ure 4). Ta ble 1 provides a complete list of
drainage sediment geochemical survey work completed in
central BC since 1993.

Infill Drainage Sediment Survey

The 2008 QUEST-West Pro ject geo chem i cal sur vey cov ers 
parts of the north ern por tion of the Nechako Pla teau. Al -
though much of the area was the site of pre vi ous stream and
lake sed i ment pro jects, the tar get area in cluded a large
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Fig ure 2. Typ i cal lake sam ple site found in the flat to pog ra phy of
the Nechako Pla teau, cen tral Brit ish Co lum bia.

Fig ure 3. De tailed lo ca tion map show ing the ar eas where drain age sed i ment and wa ter sur veys have been com pleted by 
Geoscience BC in cen tral Brit ish Co lum bia since 2005.
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Fig ure 4. De tailed lo ca tion map show ing the ar eas of sur vey sam ple reanalysis com pleted by Geoscience BC in cen tral 
Brit ish Co lum bia since 2005.

Year Name Type NTS map sheet Agency Sites Samples

1993 Fawnie/Ootsa Lake survey 093F BCGS 461 489

1995 Pinchi Lake survey 093K BCGS/GSC 413 438

1996 Babine Lake survey 093L, M BCGS 332 352

2002 Fort Fraser Stream survey 093K BCGS/GSC 795 843

2005 McLeod Lake Sample reanalysis 093J BCGS/GSC 1088 1152

2005 Anahim/Nechako Lake/stream survey 092N, 093C, F Geoscience BC 1953 2068

2006 Cariboo Lake survey 092N, O, P, 093A, B Geoscience BC 1370 1451

2007 QUEST Lake survey 093G, H, J, N, O Geoscience BC 2264 2397

2007 Pine Pass Stream survey 093O Geoscience BC 854 906

2007 QUEST Sample reanalysis 093A, B, G, H, K, N Geoscience BC 5208 5516

2008 Terrace/Prince Rupert Sample reanalysis 103I, J Geoscience BC 2128 2253

2008 QUEST-West Lake/stream survey 093K, L, N Geoscience BC 952 988

2008 QUEST-West Sample reanalysis 093E, F, L, M Geoscience BC 3428 3629
Abbreviations: BCGS, British Columbia Geological Survey; GSC, Geological Survey of Canada

Table 1. Drainage sediment geochemical survey areas for work completed in central British Columbia
since 1993.



num ber of new sam ple sites. In ad di tion, the lake-based
work will link a num ber of lake sur veys pre vi ously com -
pleted in surrounding areas.

Based on stan dards set by the Na tional Geo chem i cal Re -
con nais sance (NGR) and BC Re gional Geo chem i cal Sur -
vey (RGS) pro grams, he li cop ter- and truck-sup ported sam -
ple col lec tion was car ried out in Au gust and Sep tem ber
2008. A to tal of 905 lake sed i ment and wa ter sam ples and
100 stream sed i ment and wa ter sam ples were sys tem at i -
cally ac quired. Field du pli cate sed i ment and wa ter sam ples
were rou tinely col lected in each an a lyt i cal block of 20 sam -
ples. Com bined with the pre vi ous sur vey work, the re sult -
ing av er age sam ple site den sity is one site per 7 km2 over the 
14 500 km2 survey area.

Lake sites were ac cessed us ing a float-equipped Bell Jet
Ranger he li cop ter (Fig ure 5) from In te rior He li cop ter Ltd.
(Fort St. James). The sam pling crews col lected sed i ment
ma te rial with a tor pedo-style sam pler and wa ter sam ples
were saved in 250 mL bot tles. Sam ples were suc cess fully
col lected from most of the lakes tar geted in the sur vey area.
How ever, some of the smaller ponds and very large, deep
lakes were not sam pled due to poor sam pling con di tions.
Stream sam pling was sup ported by both truck and he li cop -
ter. Ap prox i mately 2 kg of fine-grained sed i ment and
250 mL of clean flow ing wa ter was col lected at each site.
Field ob ser va tions and site locations were recorded for all
sample sites.

At Eco Tech Lab o ra tory Ltd. (Kamloops), dried lake sed i -
ment sam ples were pul ver ized in a ce ramic ring mill to ap -

prox i mately –150 mesh (100 mm) and stream sed i ment

sam ples were sieved to –80 mesh (177 mm). To mon i tor and
as sess ac cu racy and pre ci sion of an a lyt i cal re sults, con trol
ref er ence ma te rial and an a lyt i cal du pli cate sam ples were
in serted into each block of 20 sed i ment sam ples. The sed i -
ment sam ples will be an a lyzed for base and pre cious met -

als, path finder el e ments and rare earth el e ments by 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). Loss-on-
ig ni tion and flu o rine con tent will also be de ter mined for
sed i ment ma te rial. Flu o ride content, conductivity and pH
will be determined for the water samples.

Sample Reanalysis

The reanalysis of ar chived drain age sed i ment sam ples by
ICP-MS has been found to be a cost-ef fec tive means of ob -
tain ing new and im proved re gional geo chem i cal in for ma -
tion. The tech nique pro vides a sig nif i cant up grade from the
atomic ab sorp tion spec trom e try (AAS) method, rou tinely
used for older fed eral and pro vin cial gov ern ment-funded
geo chem i cal sur veys, by mak ing avail able a wide range of
new an a lyt i cal in for ma tion at im proved de tec tion lim its.
The work also of fers greater data com pat i bil ity with lab o ra -
tory meth ods cur rently be ing employed as well as with
other reanalysis initiatives.

Sim i lar to work com pleted as part of the 2007 QUEST Pro -
ject, the QUEST-West Pro ject iden ti fied a to tal of 3629 ar -
chived sur vey sam ples. The sam ples orig i nated from pre vi -
ous fed eral gov ern ment NGR and BC RGS pro jects.
Con ducted prior to 1996, the stream- and lake-based sur -
veys cov ered ar eas in NTS map sheets 093E, F, L and M
(2008 QUEST-West, Figure 4).

Ac cess to gov ern ment stor age fa cil i ties lo cated in both Ot -
tawa and Vic to ria was ar ranged by GSC and BCGS col lec -
tion cus to di ans. At the sites, a por tion of 1 to 2 g of each ar -
chived stream sed i ment sam ple was care fully ex tracted
from stor age con tain ers (Fig ure 6). Ma te rial from each vial
was in de pend ently split and trans ferred to a Ziploc® bag
la belled with the sam ple’s orig i nal unique iden ti fi ca tion
num ber. Once se cured for ship ping, the re cov ered ma te rial
was de liv ered to Acme An a lyt i cal Lab o ra to ries Ltd. (Van -
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Fig ure 5. In te rior He li cop ter Ltd.’s he li cop ter equipped with floats,
north ern Nechako Pla teau, cen tral Brit ish Co lum bia.

Fig ure 6. Sam ple re cov ery at the Geo log i cal Sur vey of Can ada
sam ple stor age fa cil ity in Ot tawa.



cou ver). At the lab, each sam ple was tested for 37 elements
by ICP-MS analysis using an aqua regia digestion.

Project Summary

For the past 30 years, de vel op ing and main tain ing the pro -
vin cial drain age sed i ment geo chem i cal da ta base has been
an on go ing task for the GSC and the BCGS. These pro -
grams have suc cess fully com piled data for over 65 000
sam ple sites cov er ing 70% of BC (Lett, 2005). The re sults
of the work are con sid ered an im por tant min eral ex plo ra -
tion tool. Sur veys have helped stim u late fol low-up min eral
ex plo ra tion that is val ued in the mil lions of dol lars and has
been cred ited with the dis cov ery of nu mer ous min eral pros -
pects. Re cent con tri bu tions as so ci ated with a num ber of

Geoscience BC ini tia tives have also been sig nif i cant in
add ing value to this im por tant ex plo ra tion re source. This is
par tic u larly true in BC’s cen tral in te rior where new geo -
chem i cal data has been col lected for close to 17 000 sam -
ples at an av er age sam ple den sity of one sam ple ev ery
8 km2. Fig ures 7 and 8 il lus trate the sig nif i cant im prove -
ment made to over all sam ple cov er age since 2005. As a re -
sult of these ef forts, cen tral BC now has one of the coun -
try’s most com pre hen sive col lec tions of drain age sed i ment
geo chem i cal in for ma tion. Com piled to es tab lished stan -
dards, re leased in a timely fash ion and pre sented in us able
for mats, data from the Geoscience BC pro jects will make
an im por tant con tri bu tion in stim u lat ing min eral ex plo ra -
tion as well as com ple ment other geoscience re search and
data min ing ac tiv i ties for an area that is con sid ered to have a 
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Fig ure 7. The con tour im age map shows the over all drain age sed i ment sam ple den sity for cen tral Brit ish Co lum bia prior to
2005.



great po ten tial for fu ture dis cov er ies of base- and precious-
metal deposits, such as those found at the Endako, Equity
Silver, Gibraltar, Huckleberry, Mount Polley, QR and
Mount Milligan mining properties.
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Introduction

The reanalysis of ar chived stream sed i ment sam ples by in -
duc tively cou pled plasma mass spec trom e try (ICP-MS) is
ac cepted as a cost-ef fec tive means of ob tain ing new and im -
proved re gional geo chem i cal in for ma tion. This tech nique
pro vides a sig nif i cant up grade from the atomic ab sorp tion
spec tros copy (AAS) method rou tinely used for fed eral and
pro vin cial gov ern ment-funded, re con nais sance-scale
drain age sed i ment sur veys con ducted be fore 1999. The use
of ICP-MS not only pro vides a wide range of new an a lyt i cal 
in for ma tion at im proved de tec tion lim its but also of fers
greater data com pat i bil ity with laboratory methods
currently being employed.

Rec og niz ing the ad van tages as so ci ated with this type of ini -
tia tive, Geoscience BC in part ner ship with the Ter race Eco -
nomic De vel op ment Au thor ity (TEDA), the Re gional Dis -
trict of Kitimat Stikine through the North ern De vel op ment
Ini tia tive Trust (NDIT) and the KT In dus trial De vel op ment
So ci ety (KTIDS) pro vided fund ing for the re cov ery and
anal y ses of 2382 stream sed i ment pulps. This ma te rial orig -
i nated from a 1978 geo chem i cal sur vey con ducted in the
Ter race and Prince Rupert ar eas (NTS map sheets 103I and
part of 103J; Figure 1).

Re sults of the Ter race and Prince Rupert Geo chem i cal Sur -
vey Sam ple Reanalysis Pro ject is ex pected to stim u late
min eral ex plo ra tion by pre sent ing new high-qual ity geo -
chem i cal in for ma tion for an area that is con sid ered to have
good po ten tial for fu ture dis cov er ies of pre cious- and base-
metal de pos its. The re gion has an ac tive min ing and ex plo -
ra tion back ground with sev eral past-pro duc ing mines, such
as the Edye Pass mine (MINFILE 103J 015; MINFILE,
2008) and the M&K mine (MINFILE 103I 062). His tor i cal
metal re cov ery for the en tire re gion is es ti mated to in clude
680 kg of gold, 550 kg of sil ver, 71 000 kg of cop per,
42 000 kg of lead and 4000 kg of zinc (MINFILE, 2008).
Pro ject re sults will also sig nif i cantly en hance ex ist ing geo -
chem i cal data and other avail able geoscience in for ma tion

as well as com ple ment new ex plo ra tion ini tia tives. Po ten -
tial long-term eco nomic ben e fits could also be gen er ated
from in creased min eral ex plo ra tion and de posit dis cov er -
ies.

Project History

Orig i nally con ducted in 1978 by the Geo log i cal Sur vey of
Can ada (GSC) as part of their Na tional Geo chem i cal Re -
con nais sance (NGR) pro gram, the Ter race and Prince
Rupert sur vey in cluded the col lec tion of stream sed i ment
and wa ter sam ples from 2128 sites cov er ing an area of
17 500 km2 (Fig ure 2). The re sults of the sur vey were re -
leased in 1981 (Ballantyne et al., 1981) and in cluded an a -
lyt i cal data for only 13 met als (Ta ble 1) in the stream sed i -
ment sam ples. By de sign, por tions of sam ples from these
gov ern ment-funded re gional geo chem i cal sur veys were
saved on the un der stand ing that ad vances in lab o ra tory
meth ods would pro vide op por tu ni ties to fur ther develop
the federal and provincial geochemical databases.

In the early 1990s, as part of the BC Re gional Geo chem i cal
Sur vey (RGS) pro gram and in co-op er a tion with the GSC,
over 24 000 ar chived sam ple pulps were reanalyzed by in -
stru men tal neu tron ac ti va tion anal y sis (INAA) for gold and 
a range of path finder met als and rare earth el e ments
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Fig ure 1. Lo ca tion of the study area in west ern Brit ish Co lum bia.

http://www.geosciencebc.com/s/DataReleases.asp


(Table 2). This prov ince-wide ini tia tive pro vided ac cess to
im por tant new an a lyt i cal in for ma tion at im proved de tec -
tion lim its and has sig nif i cantly en hanced the util ity of the
pro vin cial geo chem i cal da ta base (Jackaman et al., 1992).
INAA re sults for the Ter race and Prince Rupert sam ples
were re leased in 1995 (BC Min is try of En ergy, Mines and
Pe tro leum Re sources, 1995). The work gen er ated re newed
in ter est in the ar eas sur veyed and stim u lated in creased ex -
plo ra tion ac tiv ity.

More re cently, saved NGR and RGS sam ple pulps are be ing 
reanalyzed by ICP-MS. The BC Geo log i cal Sur vey

(BCGS), in co-op er a tion with the GSC, funded the
reanalysis of 1152 stream sed i ment sam ples from the
McLeod Lake map sheet (Lett and Bluemel, 2006). As part
of Geoscience BC’s QUEST ini tia tive, reanalysis re sults
for a to tal of 3976 drain age sed i ment pulps, from around the 
Prince George area, were re leased to the pub lic in Jan u ary
2008 (Jackaman and Balfour, 2008; Geoscience BC, 2008). 
A to tal of 4160 stream and lake sam ples, from the White
Sail Lake and Smithers area, have been reanalyzed as part
of the QUEST-West pro ject (Jackaman et al., 2009). The
cur rent Ter race and Prince Rupert reanalysis work will also
con trib ute to this ef fort of pro vid ing up-to-date an a lyt i cal
in for ma tion for pre vi ously surveyed areas within the
province.

Project Methodology

Drain age sed i ment pulps from pre vi ous NGR and RGS
pro grams are cur rently stored at fa cil i ties in Ot tawa and
Vic to ria. The col lec tions are main tained by Nat u ral Re -
sources Can ada (NRCan) and the BCGS, re spec tively.
Sam ples are stored in plas tic con tain ers or ga nized by NTS
map sheet des ig na tion and in or der of sam ple iden ti fi ca tion
num bers. Op por tunely, the ar chive also in cludes orig i nal
an a lyt i cal du pli cate and con trol ref er ence sam ples that can
be used to mon i tor and as sess the ac cu racy and pre ci sion of
any sub se quent an a lyt i cal work. On av er age, up to 30 g of
the –80 mesh (180 µm) sed i ment frac tion is avail able but, in 
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Fig ure 2. Ge ol ogy of the Ter race and Prince Rupert map ar eas with the dis tri bu tion of sam ple sites (af ter Massey et al., 2005; Ballantyne et
al., 1981).

Table 1. List of elements and associated
detection limits from published atomic
absorption spectroscopy (AAS) analysis
(Ballantyne et al., 1981).

Element Detection limit Units

Arsenic 0.5 ppm

Cobalt 2 ppm

Copper 2 ppm

Iron 0.02 %

Lead 2 ppm

Manganese 5 ppm

Mercury 10 ppb

Molybdenum 1 ppm

Nickel 2 ppm

Silver 0.2 ppm

Tungsten 1 ppm

Uranium 0.5 ppm

Zinc 2 ppm



some cases, sam ples may be miss ing or there is insufficient
material remaining in the storage vials.

Geoscience BC, with sup port from NRCan and the BCGS,
was pro vided ac cess to the Ter race and Prince Rupert sam -
ples stored in Ot tawa. A 1 to 2 g por tion of ar chived stream
sed i ment sam ple was care fully ex tracted from stor age con -
tain ers. Ma te rial from each vial was in de pend ently split
and trans ferred to a Ziploc® bag la belled with the sam ple’s
orig i nal unique iden ti fi ca tion num ber. Once se cured for
ship ping, the re cov ered ma te rial was de liv ered to Acme
An a lyt i cal Lab o ra to ries Ltd. (Van cou ver). At the lab, each
sam ple was an a lyzed for 53 el e ments by ICP-MS anal y sis
us ing an aqua regia di ges tion. A com plete list of the el e -
ments and associated detection limits are provided in
Table 3.

The re sult ing data was care fully checked for an a lyt i cal
qual ity us ing in serted blind du pli cate and con trol ref er ence
sam ples. When the in for ma tion was de ter mined to be com -
plete and ac cu rate, the data was dig i tally merged with orig i -
nal sam ple site lo ca tion in for ma tion, AAS and INAA an a -
lyt i cal re sults and field ob ser va tions. This data com pi la tion
was pre pared for pub lic dis tri bu tion in dig i tal and hard
copy for mats and is sched uled to be released by Geoscience 
BC in December 2008.
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Table 2. List of elements and associated
d e t e c t i o n  l i m i t s  f r o m  p u b l i s h e d
instrumental neutron activation analysis
(INAA; BC Ministry of Energy, Mines and
Petroleum Resources, 1995).

Element Detection limit Units

Antimony 0.1 ppm

Arsenic 0.5 ppm

Barium 100 ppm

Bromine 0.5 ppm

Cerium 5 ppm

Cesium 10 ppm

Chromium 5 ppm

Cobalt 5 ppm

Gold 2 ppb

Hafnium 1 ppm

Iron 0.2 %

Lanthanum 5 ppm

Lutetium 0.2 ppm

Molybdenum 1 ppm

Nickel 10 ppm

Rubidium 5 ppm

Samarium 0.5 ppm

Scandium 0.5 ppm

Sodium 0.1 %

Tantalum 0.5 ppm

Terbium 0.5 ppm

Thorium 0.5 ppm

Tungsten 2 ppm

Uranium 0.2 ppm

Ytterbium 2 ppm

Zirconium 200 ppm

Table 3. List of elements and associated
detection limits from inductively coupled
plasma mass spectrometry (ICP-MS)
analysis using an aqua regia digestion,
Terrace and Prince Rupert map areas.

Element Detection limit Units

Aluminum 0.01 %

Antimony 0.02 ppm

Arsenic 0.1 ppm

Barium 0.5 ppm

Beryllium 0.1 ppm

Bismuth 0.02 ppm

Boron 20 ppm

Cadmium 0.01 ppm

Calcium 0.01 %

Cerium 0.1 ppm

Cesium 0.02 ppm

Chromium 0.5 ppm

Cobalt 0.1 ppm

Copper 0.01 ppm

Gallium 0.1 ppm

Germanium 0.1 ppm

Gold 0.2 ppb

Hafnium 0.02 ppm

Indium 0.02 ppm

Iron 0.01 %

Lanthanum 0.5 ppm

Lead 0.01 ppm

Lithium 0.1 ppm

Magnesium 0.01 %

Manganese 1 ppm

Mercury 5 ppb

Molybdenum 0.01 ppm

Nickel 0.1 ppm

Niobium 0.02 ppm

Palladium 10 ppb

Phosphorus 0.001 %

Platinum 2 ppb

Potassium 0.01 %

Rhenium 1 ppb

Rubidium 0.1 ppm

Scandium 0.1 ppm

Selenium 0.1 ppm

Silver 2 ppb

Sodium 0.001 %

Strontium 0.5 ppm

Sulphur 0.02 %

Tantalum 0.05 ppm

Tellurium 0.02 ppm

Thallium 0.02 ppm

Thorium 0.1 ppm

Tin 0.1 ppm

Titanium 0.001 %

Tungsten 0.1 ppm

Uranium 0.1 ppm

Vanadium 2 ppm

Yttrium 0.01 ppm

Zinc 0.1 ppm

Zirconium 0.1 ppm



Project Summary

The pri mary ob jec tive of the Ter race and Prince Rupert
Geo chem i cal Sur vey Sam ple Reanalysis Pro ject is to stim -
u late min eral ex plo ra tion in ter est in the re gion by pro vid -
ing the min ing and ex plo ra tion com mu nity with new, high-
qual ity an a lyt i cal in for ma tion. To ac com plish this, a to tal
of 2380 ar chived sam ple pulps from a re gional geo chem i -
cal sur vey com pleted in the re gion al most 30 years ago have 
been reanalyzed by ICP-MS. The re sult ing geo chem i cal
data com pi la tion will pro vide lo cal min ers and pros pec tors
with over 90 el e ments in stream sed i ments for each of the
2128 sam ple sites at an av er age den sity of one site ev ery
8 km2. In ad di tion, the work will com ple ment on go ing ef -
forts by the BCGS and GSC to de velop a com pre hen sive
col lec tion of geo chem i cal in for ma tion for the prov ince.
The pro vin cial geo chem i cal da ta base in cludes an a lyt i cal
information for approximately 65 000 sample sites and
covers over 70% of BC (Lett, 2005).
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Trace-Element Analysis of Clay-Sized Fraction of Archived Till Samples,
Babine Porphyry Copper District, West-Central British Columbia

(NTS 093L/09, /16, 093M/01, /02, /07, /08)

T. Ferbey, British Columbia Geological Survey, Victoria, BC, travis.ferbey@gov.bc.ca

Ferbey, T. (2009): Trace-el e ment anal y sis of clay-sized frac tion of ar chived till sam ples, Babine por phyry cop per dis trict, west-cen tral
Brit ish Co lum bia (NTS 093L/09, /16, 093M/01, /02, /07, /08); in Geoscience BC Sum mary of Ac tiv i ties 2008, Geoscience BC, Re port
2009-1, p. 19–24.

Introduction

The Babine por phyry cop per dis trict has high po ten tial to
host por phyry cop per de pos its. Sit u ated north of Hous ton,
Brit ish Co lum bia, the dis trict has a rich min eral ex plo ra tion 
his tory and has hosted two pro duc ing por phyry cop per
mines (Bell and Granisle; Fig ures 1, 2). There are nu mer -
ous min eral show ings in the dis trict, in clud ing four de vel -
oped pros pects (Mor ri son, Dor o thy, Hearne Hill,
Fireweed; Fig ure 2). There is unstaked ground within the
Babine por phyry cop per dis trict and, rel a tive to dis tricts to
the east and northwest, it remains underexplored.

Levson (2001a, 2002) mapped the surficial ge ol ogy of the
Babine por phyry cop per dis trict and col lected 937 basal till
sam ples for trace-el e ment geo chem i cal anal y ses on the silt- 
plus clay-sized frac tion (<0.063 mm). As a re sult of this
work, 66 multisite, multi-el e ment geo chem i cal ex plo ra tion
tar gets were iden ti fied, over 13 of which are sit u ated within
unstaked ground (Levson, 2002). An ad di tional 18
multisite, sin gle-el e ment geo chem i cal ex plo ra tion tar gets
are sit u ated within unstaked ground. These tar gets were
iden ti fied by as sess ing the mag ni tude of el e vated metal
con cen tra tions in till within the con text of gla cial dis persal
pat terns and trans port di rec tion, other geo chem i cal
datasets, and surficial and bed rock ge ol ogy data (Levson,
2002).

The ob jec tives of this study are to

· con duct trace-el e ment geo chem i cal anal y ses on the
clay-sized frac tion of ar chived till sam ples col lected in
the Babine por phyry cop per dis trict; and

· use these new geo chem i cal data to fur ther con strain and
better de fine pre vi ously iden ti fied geo chem i cal tar gets
within the Babine por phyry cop per dis trict and pos si bly
iden tify new targets.

The goal of this study is to pro vide to the min eral ex plo ra -
tion com mu nity a new, high qual ity, re gional-scale, geo -
chem i cal dataset that will help guide ex plo ra tion ef forts in
the Babine por phyry cop per dis trict. This study will also
serve as a re in tro duc tion to the orig i nal surficial ge ol ogy
and till geo chem is try work com pleted by Levson (2001a,
2002), and the other geo log i cal and geo chem i cal data col -
lected as part of the Nechako NATMAP pro ject (Struik and
Mac In tyre, 2000). It is hoped that the new geo chem i cal
data gen er ated as part of this study will con trib ute to ward
lon ger-term ben e fits from in creased min eral ex plo ra tion
ac tiv ity in an area ad versely affected by the mountain pine
beetle infestation.

Study Area

The Babine por phyry cop per dis trict is sit u ated in west-
cen tral BC, in NTS map ar eas 093L/09, /16, 093M/01, /02,
/07, /08 (Fig ure 2), and falls within the Nechako Pla teau
phys io graphic re gion. This re gion can be char ac ter ized as
hav ing low re lief and gently roll ing to pog ra phy (Hol land,
1976). Large, elon gate, south west-trending lakes are com -
mon in lower val ley set tings (e.g., Babine, Takla, Mor ri son, 
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Fig ure 1. Lo ca tion of study area in west-cen tral Brit ish Co lum bia.
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Fig ure 2. Lo ca tion of till sam ples col lected within the Babine por phyry cop per dis trict, west-cen tral Brit ish 
Co lum bia. Lo ca tions of past-producing mines, de vel oped pros pects and show ings are also shown.



Nakinilerak and Fulton lakes). Al though the study area
does be come more moun tain ous in the north, as the Skeena
Moun tains are ap proached, bed rock out crop in this re gion
is lim ited as a ubiq ui tous cover of Late Wisconsinan drift
dom i nates the land scape. These sed i men ts have at least par -
tially cov ered the Eocene Babine in tru sive rocks which,
along with neigh bour ing coun try rocks, host the cop per-
gold min er al iza tion that occurs within the Babine porphyry
copper district.

Till is the dom i nant surficial de posit in the study area.
These de pos its vary in thick ness from less than one to sev -
eral metres and can be ridged or roll ing, hummocky or a
sub dued rep re sen ta tion of un der ly ing bed rock to pog ra phy.
On steeper slopes, in the north ern part of the study area in
par tic u lar, the till be gins to thin and is closely as so ci ated
with col lu vial de pos its and dis con tin u ous bed rock out crop. 
Con tin u ous bed rock out crop is lim ited to some of the
higher peaks in the study area, such as Fry pan and Trail
(Levson, 2002). Stream lined gla cial fea tures, pro duced by
mov ing ice (e.g., flutes and drum lins) can be found in the
study area and are typ i cally ori ented subparallel to ma jor
val leys (Levson, 2002). Hin der ing min eral ex plo ra tion are
thick glaciolacustrine units that can be as so ci ated with the
larger lakes, in par tic u lar Babine Lake. Glaciofluvial de -
pos its also oc cur in the study area and are typ i cally in ter -
preted to be as so ci ated with ar eas of stagnant ice along with
ice-proximal and subglacial fluvial systems.

Previous Work

Levson (2002) pres ents high qual ity, re gional-scale, till
geo chem i cal data for the Babine por phyry cop per dis trict.
In cluded in these re gional till geo chem i cal data are
property-scale, ori en ta tion till sur veys con ducted in the vi -
cin ity and down-ice of past-pro duc ing por phyry cop per
mines (Bell and Granisle) and de vel oped pros pects. In his
study, till sam ples col lected down-ice of nearly all ex ist ing
min eral prop er ties (0.5 km or more) have >95th per cen tile
metal con cen tra tions, com monly of more than one metal.
For ex am ple, till sam ples in the vi cin ity of the de vel oped
pros pects of Mor ri son and Hearne Hill (por phyry cop per,
mo lyb de num, gold) have >98th per cen tile con cen tra tions of 
copper, lead, gold, silver and antimony.

The util ity of till-based sur veys in the re gion is proven by a
study south of the study area, in the Fawnie Creek map area
(NTS 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, tills 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 pros pects
pre sented in this study were also iden ti fied with till sam -
ples, which had >95th per cen tile concentrations of multiple
elements.

Other work has been con ducted in ar eas ad ja cent to the
Babine por phyry cop per dis trict. Tip per (1994) de scribes
the ice-flow his tory of the Smithers map area (NTS 093L).
Tip per (1971) also de scribes gla cial fea tures and gla cial
his to ries of ar eas south of the study area. Plouffe and
Ballantyne (1993) and Plouffe (1997, 2000) have also
mapped Qua ter nary de pos its and con ducted till geo chem is -
try sur veys for ar eas south and west of the study area.
Ferbey (2008) pro vides a geo graph i cally ref er enced list of
drift pros pect ing sur veys that have been conducted in BC.

Methodology

Till geo chem i cal sur veys can de tect known sources of min -
er al iza tion and iden tify new geo chem i cal ex plo ra tion tar -
gets (e.g., Sibbick and Kerr, 1995; Plouffe, 1997; Ferbey
and Levson, 2007). Till geo chem i cal sur veys are well
suited to as sess ing the min eral po ten tial of ground cov ered
by gla cial drift. Basal till, a spe cific type of drift and the
sam ple me dium used in these sur veys, is ideal for these as -
sess ments as it has a rel a tively sim ple trans port his tory, is
de pos ited di rectly down-ice of its source, and pro duces a
geo chem i cal sig na ture that is ae ri ally more ex ten sive than
its bed rock source and there fore at a re gional-scale can be
more easily detected (Levson, 2001b).

To date, re gional till geo chem i cal sur veys con ducted by the
Brit ish Co lum bia Geo log i cal Sur vey (BCGS) have only
used the silt- plus clay-sized frac tion of tills (i.e.,
<0.063 mm frac tion). Trace-el e ment geo chem i cal anal y ses
on clay sep a ra tions, or heavy min eral anal y ses, have not
been con ducted. Pro duc ing a clay-sized frac tion from tills
has in the past been cost pro hib i tive. With an in crease in in -
ter est in this size frac tion by cli ents, how ever, prep a ra tion
labs now of fer clay sep a ra tions at reasonable and
competitive prices.

Clay sep a ra tions have been rou tinely used for geo chem i cal
in ter pre ta tions by the Geo log i cal Sur vey of Can ada (GSC)
since 1973 (Shilts, 1995). Anal y sis of the clay-sized frac -
tion in basal tills is ideal for ex plo ra tion tar gets such as por -
phyry cop per de pos its as it has been shown that base met als
(more spe cif i cally, some chalcophile el e ments) tend to con -
cen trate in this frac tion due to clay-sized par ti cles’ (dom i -
nated by phyllosilicate) high cat ion ex change ca pac ity
(Nikkarinen et al., 1984; Shilts, 1984, 1995; DiLabio,
1995). In the con text of base-metal ex plo ra tion, trace-
element anal y ses of the clay-sized frac tion of tills
(<0.002 mm) can in crease the con trast be tween el e vated
and back ground el e ment con cen tra tions, as com pared to
the same anal y ses us ing silt- plus clay-sized frac tion
(<0.063 mm). This is due to the fact that minerals such as
quartz and feld spar are re duced in clay-sized frac tion and
there fore do not di lute the geo chem i cal sig na ture of the
sam ple. As a re sult, el e vated geo chem i cal val ues can be
iden ti fied with more cer tainty. It is hoped that this in crease
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in geo chem i cal con trast will fur ther con strain and better de -
fine the geo chem i cal tar gets pre vi ously iden ti fied by
Levson (2002) within the Babine porphyry copper district,
and possibly identify new ones.

Sample Preparation and Analysis

An a lyt i cal de ter mi na tions by in duc tively cou pled plasma
emis sion spec trom e try (ICP-ES) and in stru men tal neu tron
ac ti va tion anal y sis (INAA) have al ready been car ried out
on the silt- plus clay-sized frac tion (<0.063 mm) of 937
basal till sam ples col lected within the Babine por phyry
cop per dis trict, and are pre sented in de tail by Levson
(2002). Of the orig i nal 937 sam ples, ma te rial from 529
sam ples remains in BCGS archives (Figure 2).

As part of this study, the clay-sized frac tion of the 529 ar -
chived till sam ples will be sep a rated fol low ing the pro ce -
dures out lined by Gi rard et al. (2004). It is im per a tive that a
reg i mented pro ce dure be fol lowed, in par tic u lar the length
of time sam ples are spun in a cen tri fuge and the ve loc ity at
which the cen tri fuge op er ates, in or der for a clay-sized sep -
a ra tion (<0.002 mm) to be con sis tently pro duced. For this
study, de-ion ized wa ter will be used through out the cen tri -
fuge and de cant ing pro cess, in stead of the so dium
hexametaphosphate solution suggested by Girard et al.
(2004).

For each re pro cessed sam ple, a 0.5 g split will be an a lyzed
for a to tal of 37 el e ments by in duc tively cou pled plasma
mass spec trom e try (ICP-MS) fol low ing an aqua regia di -
ges tion. These anal y ses will be con ducted at Acme An a lyt i -
cal Lab o ra to ries Ltd. (Vancouver).

Quality Control

Qual ity con trol mea sures were im ple mented dur ing the ini -
tial col lec tion of the ar chived sam ples. For each block of 20
sam ples sub mit ted for anal y sis, one field du pli cate (taken
at a ran domly se lected sam ple site) was in cluded. As part of
this study, one an a lyt i cal du pli cate (a sam ple split af ter
sam ple prep a ra tion but be fore anal y sis) and one ref er ence
stan dard will be in cluded for each block of 20 sam ples. Ref -
er ence stan dards will ei ther be cer ti fied Can ada Cen tre for
Min eral and En ergy Tech nol ogy (CANMET) stan dards or
one of sev eral BCGS geo chem i cal ref er ence ma te ri als.
Field du pli cate sam ples will be used to mea sure the com -
bined sam pling and an a lyt i cal vari abil ity, whereas an a lyt i -
cal du pli cates will pro vide a mea sure of an a lyt i cal vari abil -
ity only. Cer ti fied ref er ence stan dards will be used to
mea sure the ac cu racy of each an a lyt i cal method and BCGS
geochemical reference materials will be used to measure
analytical precision.

Summary and Future Data Release

At pres ent, clay sep a ra tions are be ing pro duced for 529 ar -
chived till sam ples from the Babine por phyry cop per dis -

trict. Upon com ple tion of sep a ra tions, these sam ples will be 
an a lyzed by ICP-MS fol low ing an aqua regia di ges tion.
An a lyt i cal de ter mi na tions on the clay-sized frac tion
(<0.002 mm) can in crease the con trast be tween el e vated
and back ground el e ment con cen tra tions, as com pared to
the same anal y ses us ing the silt- plus clay-sized frac tion
(<0.063 mm). These new, high qual ity, geo chem i cal data
will be used to fur ther con strain and better de fine geo chem -
i cal tar gets within the Babine por phyry cop per dis trict and
tar gets pre vi ously iden ti fied by Levson (2002) us ing de ter -
mi na tions on the silt- plus clay-sized frac tion of these till
sam ples, and to potentially identify additional geochemical 
exploration targets.

An up date on this study will be given at the Min eral Ex plo -
ra tion Roundup 2009 poster ses sion. The new geo chem i cal
data gen er ated from this study will be re leased in the spring
of 2009. This re lease will in clude in ter pre ta tions of these
data and an in te gra tion of them with work pre sented by
Levson (2002), in clud ing the re gion’s ice-flow his tory and
in ferred de tri tal trans port di rec tion(s) in basal till.
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Introduction

Cen tral Brit ish Co lum bia has ar eas of highly pro spec tive
bed rock ge ol ogy but min eral ex plo ra tion has been lim ited
due to the thick cover of surficial de pos its. To help spur
eco nomic growth in this re gion, which has been se verely
af fected by the moun tain pine bee tle, the fed eral and pro -
vin cial gov ern ments are fund ing geo log i cal pro jects such
as QUEST. Sig nif i cant knowl edge gaps ex ist in the gla cial
his tory of the QUEST Pro ject area and thus pose a sig nif i -
cant hin drance to min eral ex plo ra tion. Knowl edge of the
gla cial his tory, spe cif i cally the ice-flow his tory and dom i -
nant trans port di rec tion, is vi tal to in ter pret data from geo -
chem i cal sur veys of the area. This pro ject is de signed to ad -
dress this knowl edge gap by pro vid ing a Qua ter nary
frame work along with both re gional and de tailed till geo -
chem i cal sur veys. The study area comprises NTS map
sheets 093G, H (west half) and J (Figure 1).

This am bi tious pro ject will oc cur over three years and pro -
vide

1) the re gional gla cial geo log i cal frame work for map ar eas
NTS 093G, H (west half) and J (i.e., the cen tral por tion
of the QUEST area);

2) a map of ap prox i mate drift cover for ar eas within NTS
093 G, H (west half) and J based on ex ist ing surficial ge -
ol ogy, soils and landform map ping aug mented with re -
con nais sance field ob ser va tions;

3) ter rain map ping of six 1:50 000 scale sheets (NTS
093J/05, /06, /11, /12, /13, /14);

4) till geo chem i cal data (in duc tively cou pled plasma mass
spec trom e try [ICP-MS] with aqua regia di ges tion and
in stru men tal neu tron ac ti va tion anal y sis [INAA] for

trace, mi nor and ma jor el e ments), gold grain counts and
heavy min eral sep a rates for sam ples col lected within
these new sheets; and

5) de tailed geo chem i cal sur veys down-ice of two geo -
phys i cal anom a lies (in ter preted from geo phys i cal data
[Barnett and Kowalczyk, 2008]).

This work will help to stim u late min eral ex plo ra tion in
beetle-kill–af fected ar eas by re leas ing new surficial ge ol -
ogy and geo chem i cal sur vey data and pro vid ing a frame -
work for com pa nies to in ter pret their own datasets. This
pro ject will also pro vide in valu able train ing for at least two
grad u ate stu dents and nu mer ous undergraduate students.

Field work oc curred in late June and early July 2008. The
ini tial two weeks con cen trated on col lect ing striation data
for the ice-flow his tory and check ing the va lid ity of ex ist -
ing soil and landform and surficial ge ol ogy map ping to be
used for drift thick ness map ping. The sec ond half of the
field work sea son con cen trated on till geo chem is try sam -
pling in ar eas down-ice from two geo phys i cal anom a lies.
The re sults of the first field season are given below.

Study Area and Physiography

The study area oc curs in the heart of the QUEST pro ject
area (Fig ure 1). The ma jor ity of this area lies in the rel a -
tively low re lief area of the In te rior Pla teau (Mathews,
1986), in clud ing its sub di vi sions, the Fra ser Ba sin and
Nechako Pla teau. It is char ac ter ized by gla cial lake de pos -
its, drumlinized drift and glaciofluvial outwash and esker
de pos its (Holland, 1976).

Regional Quaternary History

The Cordilleran Ice Sheet has re peat edly cov ered BC and
por tions of Yu kon, Alaska and Wash ing ton over the last
two mil lion years (Armstrong et al., 1965; Clague, 1989).
Growth of the Cordilleran Ice Sheet is thought to have fol -
lowed four phases as de fined by Da vis and Mathews
(1944): al pine phase, in tense al pine phase, moun tain ice

Geoscience BC Re port 2009-1 25

Keywords: ice-flow his tory, drift pros pect ing, geo chem i cal sur vey, 
ter rain map ping, drift thick ness, striations, heavy min er als

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

http://www.geosciencebc.com/s/DataReleases.asp


sheet phase and con ti nen tal ice sheet phase (Fulton, 1991;
Fig ure 2). In short, ice orig i nated in al pine ar eas as val ley
gla ciers. Over time, these val ley gla ciers ex tended out from 
moun tain fronts as piedmont gla ciers and even tu ally grew
into moun tain ice sheets. Even tu ally, the ice sheet would
have grown into a con ti nen tal ice sheet. Through out this se -
quence, to pog ra phy has less and less con trol over ice flow,
un til the con ti nen tal ice sheet phase when ice flows in de -

pend ent of to pog ra phy. At its max i mum ex tent, the
Cordilleran Ice Sheet was up to 900 km wide and up to
2000–3000 m thick over much of the In te rior Pla teau,
closely resembling the present-day Greenland Ice Sheet.

Dur ing the Late Wisconsinan, the last gla ci ation to af fect
BC, ice was ad vanc ing out of the Coast Moun tains by
28 000 BP. In the study area, it is un clear how ex ten sive the
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Fig ure 1. Dig i tal el e va tion model of the study area with ice flow in for ma tion. Drumlinized drift is ev i dent through out most of the study
area. Striation data is from field ob ser va tions in sum mer 2008. Some striation sites were sim pli fied to avoid clut ter ing. In set map in di -
cates the lo ca tion of the study area (shaded area) in re la tion to Brit ish Co lum bia and the QUEST Pro ject geo phys i cal sur vey area
(dashed line). D. Turner (Si mon Fra ser Uni ver sity) com piled the dig i tal el e va tion model. Ab bre vi a tion: dir, di rec tion.



gla ciers in the cirques of the Car i bou Moun tains were.
Paleoenvironmental re con struc tions from this time in di -
cate con di tions were very arid, not con du cive to grow ing
large lo cal gla ciers (Ward et al., 2005). How ever, it is clear
that a large gla cial lake ex isted in the Bowron Val ley in di -
cat ing that ice in the Rocky Moun tain Trench blocked the
mouth be fore lo cal ice ex tended out of the val ley. Ra dio car -
bon ages in di cate that ice cov ered the Bowron Val ley some -
time af ter 20 000 BP. Max i mum ex tent also oc curred af ter
this but there is no chro no log i cal con trol. Ev i dence that the
Cordilleran Ice Sheet at tained con ti nen tal ice sheet sta tus is
pro vided in a study by Stumpf et al. (2000), which shows
that the ice di vide shifted east ward from the Coast Moun -
tains to over the In te rior Pla teau, just to the west of the
study area.

In  con  t ras t ,  deg lac ia t ion  was  char  ac  te r  i zed  by
downwasting, fol lowed by wide spread stag na tion through -
out much of the in te rior (Fulton, 1967); the ice sheet melted
from the top down. It ap pears that the equi lib rium line ei -
ther rose very close to or above the top of the gla cier. Ini -
tially, re gional ice flow con tin ued but was less vig or ous. As 
up lands be came ex posed, sig nif i cant flow was re stricted to
val leys. Even tu ally, as the ice sheet con tin ued to thin, ice
tongues in the val leys be came stag nant and ceased to move. 
This style of deglaciation is char ac ter ized by flights of lake
lev els start ing in the high est val leys and end ing in the low -
est val leys. This is caused by the high est el e va tions be com -
ing ice-free first and lakes be ing ponded by ice in the lower

val leys. It is also char ac ter ized by ex ten sive ice stag na tion
to pog ra phy (e.g., hummocky or kame-and-ket tle to pog ra -
phy and the pres ence of eskers). Deglacial lakes dammed
by ice in the larger val leys are com mon in the Bowron Val -
ley and on the east side of the Rocky Moun tain Trench. The
last lake in the area, Glacial Lake Fraser, occupied the
Fraser River valley.

Results

Ice Flow

The ice-flow his tory of the study area was de ter mined by
com pil ing ice-flow in for ma tion from ex ist ing maps (Tip -
per, 1971; Clague, 1998a, b; Blais-Stevens and Clague,
2007) and com bin ing it with ob ser va tions made in the field. 
The ice-flow in di ca tors on the pre-ex ist ing maps gen er ally
con sist of macroforms such as drum lins, flut ings, crags-
and-tails and stream lined bed rock ridges. Drum lins gen er -
ally com prise thick (>3 m), ridged till (Fig ure 3a) that is
com monly de scribed as an in verted tea spoon shape. These
ridges are ori ented par al lel to ice flow and are asym met ric
in long pro file, with a steeper up-ice side and a gen tler
down-ice side. Flut ings are more elon gate till ridges, with -
out the asym met ric long pro file. Crags-and-tails have an
up-ice out crop of gla cially smoothed, re sis tant bed rock and 
a down-ice tail of till (Fig ure 3b). Stream lined bed rock
ridges are sim i lar in shape to flut ings. Drum lins are com -
mon through out the study area and were not mea sured in
the field as they are ev i dent on dig i tal el e va tion models
(DEM; Figure 1), topographic maps and Google™ Earth
im ages.

Ice-flow in di ca tors mea sured in the field were mainly
microflow in di ca tors, such as grooves, striations and rat
tails. Striations and grooves are gla cial ero sion fea tures that 
form by de bris in the base of the ice be ing dragged along the 
bed rock sur face (Fig ure 3c, e, f). They are usu ally con sid -
ered to be bidirectional, mean ing that a flow di rec tion is not
ev i dent from ex am i na tion of the striation or groove it self,
how ever, ex am i na tion of the out crop upon which the
striations are mea sured can give a sense of di rec tion by the
pres ence of a plucked sur face on one of the out crop edges.
Plucked sur faces are ev i denced by a steep ver ti cal edge
caused by the over rid ing ice freez ing onto the bed rock and
re mov ing blocks, usu ally along joints. Rat tails form where
there are more re sis tant por tions with a rock unit (i.e., clasts
in a con glom er ate, porphyroblasts, pheno crysts, etc).
These re sis tant por tions also pro tect the rock im me di ately
down-ice, form ing a small pro tu ber ance that has a tail
point ing down-ice (Fig ure 3d, f). These fea tures are con sid -
ered to be uni di rec tional, giv ing flow di rec tion. The Telkwa 
vol ca nic rocks have more resistant clasts that commonly
form rat tails (Figure 3f).

Striations were mea sured at a to tal of 33 sites. At some of
these sites, nu mer ous di rec tions were re corded (Fig ure 3d–
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Fig ure 2. Hy poth e sized se quence of ice growth for the Cordilleran
Ice Sheet (modified af ter Fulton, 1991).



f), at oth ers only one dom i nant di rec tion was re corded.
Find ing striations was chal leng ing due to the lack of bed -
rock ex po sures in parts of the field area, and the weath ered
na ture of some of the out crops pres ent. In most cases, ex -

cept for some fresh roadcuts, striations were only found af -
ter sed i ment, usu ally till, was scraped, brushed or washed
off bed rock sur faces. Where more than one ori en ta tion was
ob served, it was some times pos si ble to de ter mine a rel a tive
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Fig ure 3. a) Roadcut through a drum lin, cen tral por tion of NTS 093J. A till sam ple was taken for geo chem i cal anal y sis. b) Crag-and-tail,
Sax ton Lake area. The gla cially smoothed crag and tail are in di cated. c) Ex am ple of a gla cially smoothed stri ated out crop, along High way
16 east of Prince George. d) Rat tails on a gla cially smoothed out crop, along High way 16 east of Prince George. Two ages of ice flow are in -
di cated, the older flow (1) formed the rat tails and the youn ger flow (2) trun cated the tails. e) Two striation di rec tions are pres ent on this out -
crop near Sax ton Lake but no age re la tion ship could be de ter mined. f) Stri ated fac eted sur face (1) is older than the striations and rat tails (2), 
along High way 16 west of Prince George.



age or tim ing by look ing for cross cut ting re la tion ships or
the rel a tive lo ca tion of the dif fer ent stri ated sur faces. For
ex am ple, if large grooves are pres ent and there are
striations in the groove, the groove must be older than the
striations. Sim i larly, by not ing the dom i nant di rec tion of ice 
move ment on an out crop, striations found on pro tected sur -
faces in the lee (down-ice) of this di rec tion are likely older
(Fig ure 3f). Rel a tive age con trol was only pos si ble at a few
sites, and most of these were within 20° of each other.
These slight differences likely reflect minor changes during 
deglaciation.

The dom i nant ice-flow di rec tion in the area is rel a tively
easy to dem on strate us ing the ori en ta tions of nu mer ous
drum lins (Fig ure 1), ex cept for por tions of NTS 093H
where drum lins are rare. These data were sup ple mented by
ob ser va tions on the striations, rat tails and grooves. The
drum lin data in di cate the dom i nant ice di vides, to the south
and west of the study area, con trolled the drum lin-form ing
ice flow. These two flow sources in ter acted, with ice flow
from the west ap pear ing to be dom i nant, caus ing ice flow to 
be de flected east ward. This de flec tion is ev i dent on the
DEM to the south east of Prince George along the mar gin of
the up lands of the Fra ser Pla teau. This ice con tin ued to flow 
to the east along the Rocky Moun tain Trench. In the north
part of the study area, the dom i nant flow changes from east-
northeast to northeast.

Striation data in gen eral cor re spond with ice flow in di cated
by the drum lins, how ever, some ex cep tions oc cur. For ex -
am ple, in the vi cin ity of Sax ton Lake (Fig ure 1) striations
and a crag-and-tail in di cate ice flow to the east. This likely
rep re sents a re advance over the area dur ing deglaciation,
some thing con firmed by ex am i na tion of sec tions in the
area. There are sev eral sites in the south east part of the
study area where val ley-par al lel striations were re corded.
These l ikely re f lect  val  ley-par al  lel  f low dur  ing
deglaciation, when ice had thinned enough that to pog ra phy
exerted more of an influence.

Drift Thickness

A rel a tive drift thick ness map is cur rently be ing con -
structed. This map will prove use ful to com pa nies plan ning
till-sam pling pro grams and lo cat ing ar eas where bed rock
out crop or near sur face subcrop are most likely to oc cur.
This map is be ing con structed from a mix of ex ist ing Geo -
log i cal Sur vey of Can ada (GSC) surficial ge ol ogy map -
ping, soil and landform map ping and some airphoto in ter -
pre ta tion. Surficial ge ol ogy maps at a scale of 1:100 000
ex ist in the north west, south west and south east por tions of
NTS 093G. Soil and landform map ping at a scale of
1:50 000 ex ists for the west half of NTS 093H, all of NTS
093G but only the south half of NTS 093J. As ter rain map -
ping will oc cur in the north west por tion of NTS 093J, re -
con nais sance map ping will be un der taken to pro vide drift

thick ness in for ma tion. Un for tu nately, there is no ter rain
map ping for the Quest area. The lim ited, ex ist ing, mainly
re con nais sance-scale, ter rain sta bil ity map ping is in ap pro -
pri ate for this map. Re con nais sance field ob ser va tions car -
ried out in the sum mer of 2008 will be in cor po rated. This
and ex ist ing map in for ma tion will be merged to the gen er al -
ized map units out lined be low:

1) Shal low to bed rock ter rain. Rock out crops are com mon
and/or at shal low depth (usu ally at <1 m). Surficial de -
pos its are dom i nantly de rived from lo cal bed rock (e.g.,
col lu vium and weath ered rock) but thin man tles of till
can also oc cur.

2) Vari able thick ness of till, usu ally <3 m thick. Some dis -
con tin u ous bed rock out crops oc cur and bed rock can be
ex pected in rel a tively shal low ex ca va tions such as
roadcuts. Iso lated ar eas of low-ly ing and depressional
ter rain may have sec ond- and third-or der de riv a tive sed -
i ments at the sur face, cov er ing the till.

3) Mainly a con tin u ous cover of thick till, usu ally 3 to
>10 m thick. Bed rock out crops are rare and usu ally the
un der ly ing rock sur face will only be ex posed in deep ex -
ca va tions (e.g., pits). Sur face man tles of sec ond- and
third-or der de riv a tive sed i ments are prob a ble in iso lated 
ar eas of low-ly ing and depressional ter rain.

4) Thicker and con tin u ous sur face cover of sec ond- and
third-or der de riv a tive sed i ments, in clud ing glacio -
fluvial, glaciolacustrine, flu vial, lac us trine, or ganic and
anthropogenic (e.g., mine waste). Sur face ex po sures of
till and/or bed rock are rare and may only be en coun tered 
in deep excavations.

Iso lated bed rock out crops in units of thicker drift will be
iden ti fied with an onsite sym bol. Gen er al ized ice-flow in -
for ma tion will be in cluded on these maps to as sist with the
plan ning of drift pros pect ing pro grams. Be cause of the gen -
er al ized and sim pli fied na ture of the units, how ever, train -
ing of sam plers on the iden ti fi ca tion of till is es sen tial to en -
sure a consistent sample medium.

Till Geochemistry

Till sam ples were col lected in the vi cin ity of two geo phys i -
cal anom a lies, which were iden ti fied by the au thors in col -
lab o ra tion with P.L. Kowalczyk, PK Geo phys ics Inc. (per -
sonal com mu ni ca tion, 2008). Both sites oc cur on NTS
093J, one in the south around Sax ton Lake and one in the
cen tral-west area of the map sheet (site lo ca tions [la belled
as Fig ure 5a, b] are shown on Fig ure 1). Ini tially, a to tal of
four anom a lies were iden ti fied by the in te gra tion of ex ist -
ing geo phys i cal data and re cently ac quired geo phys i cal
data, re leased by Geoscience BC (Sander Geo phys ics Lim -
ited, 2008), with re gional lake- and stream-sed i ment geo -
chem i cal data. Based on the lack of till oc cur ring at the sur -
face and their prox im ity to pop u lated ar eas (sam pling is
dif fi cult on private land), two of these areas were found to
be unsuitable.
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Basal till in the study area is a dense, dark grey, ma trix-
supported diamicton. This basal till is com posed of 25–
40% gravel-sized ma te rial (clasts) and the ma trix is usu ally
sandy silt (Fig ure 4). Sam pling proved dif fi cult be cause of
ac cess prob lems and lack of suit able sam ple me dia. For
both anom a lies, many of the mapped roads had been de ac ti -
vated and were undriveable with a four-wheel–drive truck.
The Sax ton Lake geo phys i cal anom aly oc curs in the tran si -
tion be tween glaciolacustrine de pos its as so ci ated with Gla -
cial Lake Fra ser and ar eas of till. Thus, glaciolacustrine de -
pos its cov er ing till de pos its lim ited sam pling. In the

vi cin ity of the north ern geo phys i cal anom aly, there were
ex ten sive ar eas of sand, which are likely postglacial eolian
deposits, and some areas of glaciofluvial deposits.

Basal till sam ples were col lected at a to tal of 123 sites
within and ad ja cent to the two study ar eas (Fig ure 5). At
each sam ple site, three sep a rate sam ples were col lected for
1) clay sep a ra tion at Sas katch e wan Re search Coun cil fol -
lowed by ICP-MS (Pack age 1-DX) at Acme An a lyt i cal
Lab o ra to ries Ltd.; 2) silt plus clay sep a ra tion and INAA
(Pack age 1D EnH) at Ac ti va tion Lab o ra to ries Ltd.; and 3)
ar chiv ing at the BC Geo log i cal Sur vey (BCGS). As well, at
30 of these sites >10 kg till sam ples were col lected for
heavy min eral sep a ra tion and gold grain counts, which are
to be car ried out at Over bur den Drill ing Man age ment Ser -
vices. The <0.25 mm frac tion of the heavy min eral con cen -
tra tion will be sent for INAA. These an a lyt i cal data will be
used to iden tify anom a lous sam ples which will then have
the heavy min er als picked and iden ti fied. Ini tial re sults will
be re leased at Roundup 2009. Fund ing ob tained from the
fed eral gov ern ment’s Moun tain Pine Bee tle (MPB) Pro -
gram, un der the di rec tion of C. Hutton (GSC, NRCan), will
cover the costs for the ma jor ity of these anal y ses, al low ing
more Geoscience BC funds to be used for anal y sis of sam -
ples next year. This fund ing will also al low for ad di tional
anal y sis by ICP-MS of the silt- plus clay-sized frac tion
sam ples al ready an a lyzed by INAA. An a lyt i cal vari abil ity
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Fig ure 5. Sam ple lo ca tions for the de tailed till geo chem i cal sur veys as so ci ated with lin ear mag netic geo phys i cal anom a lies (modified af ter
Sander Geo phys ics Lim ited, 2008). Striations and dom i nant ice flow in di cated with same sym bols from Fig ure 1. Note the dif fer ence in
scale be tween the two im ages: a) Sax ton Lake; and b) North 200 road. Lo ca tion of im ages shown on Fig ure 1.

Fig ure 4. Typ i cal dense, mas sive basal till found through out the
study area.



be tween the ICP-MS datasets for the two size frac tions will
be assessed. If results warrant, this type of analysis may be
continued for samples collected next summer.

To quan tify the ac cu racy and pre ci sion of these an a lyt i cal
data a com bi na tion of field du pli cates, an a lyt i cal du pli cates 
and stan dards are be ing uti lized. For the 143 sam ples sub -
mit ted for analysis, six were field du pli cates, seven were
an a lyt i cal du pli cates and six were stan dards ob tained from
R. Lett at the BCGS for use in this study.

De pend ing on these ini tial re sults, ar eas sam pled in the
sum mer of 2008 may be re vis ited in the sum mer of 2009 to
col lect more sam ples and there fore in crease sam ple den -
sity. Next sum mer, all-ter rain ve hi cles will be rented to al -
low fur ther ac cess and more foot tra verses will be planned.

Future Work

Terrain Mapping and Associated Till
Geochemistry

In the sum mer of 2009, two grad u ate stu dents will carry out
ter rain map ping on four to five 1:50 000 scale sheets in the
north west por tion of NTS 093J. The se nior au thors will
map an other one to two map sheets in the same vi cin ity.
Ter rain map ping will uti lize the BC clas si fi ca tion sys tem
(Howes and Kenk, 1997). As so ci ated with this map ping,
till sam ples will be taken for geo chem i cal anal y sis. The
same sam pling strat egy and an a lyt i cal con trol used in the
de tailed sur veys described above will be utilized.

Conclusion

Prog ress has been made on the gla cial geo log i cal frame -
work and drift pros pect ing for a por tion of the QUEST Pro -
ject area. Ice-flow his tory and drift thick ness data has been
col lected. Till sam ples as so ci ated with two geo phys i cal
anom a lies have been col lected and will be an a lyzed. These
stud ies will con tinue next year with the ad di tion of two
grad u ate stu dents who will un der take ter rain mapping and
more till sampling.
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Introduction

The Mount Milligan alkalic por phyry Cu-Au de posit pro -
vides an ex cel lent ex am ple of sul phide and al ter ation-min -
eral zonation for alkalic por phyry sys tems in Brit ish Co -
lum bia (BC), as it is mod er ately tilted ~30–50º, based on
the ge om e try of the in tru sive stock and the in ter preted dip
of the host supracrustal rocks (Rebagliatti 1988; Delong et
al., 1991; Sketchley et al., 1995; Delong, 1996; Jago et al.,
2007; Jago, 2008). This ge om e try makes the mag matic-hy -
dro ther mal sys tem ame na ble to the study of ver ti cal and lat -
eral changes over a range of paleodepths, based on ex am i -
na tion of a fence of ver ti cal drillholes that crosses the
de posit. More over, an im por tant fault, the Rain bow fault,
sep a rates a lower Cu-Au–rich core zone from the up per Au-
rich, Cu-poor zone that is in ferred to be the shal lower Au-
en riched seg ment of the de posit, thereby increasing the
total vertical exposure.

The Mount Milligan site is lo cated 155 km north west of
Prince George (Fig ure 1). It is the youn gest dated (183–
182 Ma) of the known ma jor min er al ized alkalic por phyry
sys tems in BC (Afton-Ajax, Cop per Moun tain–Ingerbelle,
Ga lore Creek, Lorraine, Mount Polley and Red Chris; Barr
et al., 1976; Mortensen et al., 1995), and rep re sents one of
the sil ica-sat u rated de pos its (Lang et al., 1995). The de posit 
is lo cated in cen tral Quesnellia, at the ter mi nus of an
~45 km east-south east struc tural trend that ex tends from
the south ern edge of the Hogem batholith along Chuchi
Lake. The de posit (in clud ing the Main and South ern Star
monzonitic stocks, and hy dro ther mally af fected hostrock)
is hosted in mildly shoshonitic vol ca nic rocks of the Tri as -
sic and Early Ju ras sic Takla Group. It has a mea sured and
in di cated re source of 417.1 mil lion tonnes at 0.41 g/t Au
and 0.21% Cu (Terrane Met als Corp., 2007), con tain ing
5.5 mil lion ounces Au and 1.9 bil lion pounds Cu. Mount

Milligan is Au enriched compared to other porphyry Cu
deposits in BC.

Geological Setting

Alkalic in tru sions of the Pa leo zoic–Me so zoic Stikinia and
Quesnellia ter ranes are as so ci ated with re gion ally ex ten -
sive suc ces sions of calcalkaline to mildly al ka line rocks of
shoshonitic af fin ity (K-en riched mafic to in ter me di ate
com po si tion) that were pro duced by com plex subduction
pro cesses dur ing amal gam ation of the late oce anic-arc
superterrane to an ces tral North Amer ica (Mortimer, 1987;
Nel son and Bellefontaine, 1996). The rocks in the vi cin ity
of Mount Milligan were emplaced onto and in truded into
the Mis sis sip pian vol cano-sed i men tary Lay Range arc and
the Penn syl va nian–Perm ian Slide Moun tain mar ginal ba -
sin, a likely back-arc basin between Quesnellia and
ancestral North America.

Quesnellia had a two-phase de vel op ment. The Up per Tri as -
sic Nicola and Takla groups (Carnian to Norian, ~227–
210 Ma) in south west ern and north east ern BC, re spec -
tively, re cord the evo lu tion of the first phase. These groups
con sist of basal sed i men tary rocks over lain by vol ca nic and 
volcaniclastic suc ces sions dom i nated by ma rine augite-
phyric ba salt and an de site of calcalkaline to shoshonitic af -
fin ity. Co eval in tru sions are also pres ent. The high-K and
mildly shoshonitic rocks crop out in ter mit tently over a
1000 km strike length in north ern Quesnellia (Mortimer,
1987; Nel son et al., 1992). These rocks host and are ge net i -
cally as so ci ated with Late Tri as sic alkalic por phyry Cu-Au
de pos its (Barr et al., 1976; Lang et al., 1995). The sec ond
stage con sists of Early Ju ras sic car bon ate and clastic sed i -
men tary se quences un con form ably over ly ing the Tri as sic
vol ca nic rocks. In the Mount Milligan area, how ever, vol -
ca nism con tin ued af ter a Late Tri as sic to Early Ju ras sic hi a -
tus, re sult ing in the paraconformably over ly ing Early Ju -
ras sic Chuchi Lake and Twin Creek suc ces sions
(Pliensbachian to Toarcian, ~196–180 Ma). These rocks
ex hibit greater compositional het er o ge ne ity than the Up per 
Tri as sic se quence and are com posed mainly of plagioclase-
augite–phyric, subalkaline to shoshonitic ig ne ous rocks
(Nel son and Bellefontaine, 1996). The Mount Milligan Cu-
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Au por phyry and re lated plutons are part of the sec ond
stage, and hosted by the Witch Lake suc ces sion. Ig ne ous
rocks in the Mount Milligan de posit area have U-Pb ages
(zir con, ti tan ite, rutile) rang ing from 186.9 ±3.3 to 182.5
±4 Ma (Mortensen et al., 1995; Nel son and Bellefontaine,

1996; R. Fried man, pers. comm., 2008). Re gion ally,
subduction had ceased by ~186–181 Ma with the ac cre tion
of Quesnellia to an ces tral North Amer ica (Mihalynuk et al., 
1994). The Mount Milligan por phyry stocks thus formed
dur ing the fi nal plutonic ac tiv ity of the Quesnellia
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Fig ure 1: Lo ca tion of alkalic por phyry Cu de pos its in Brit ish Co lum bia, show ing lo ca tion of Mount Milligan with re spect to the
other de pos its and to the Tri as sic and Early Ju ras sic Quesnel and Stikine ter ranes. The Hogem batholith un der lies the area
around Lorraine and ex tends south ward on the east ern mar gin of the Pinchi fault to ward Mount Milligan.



magmatic-arc system, and were broadly contemporaneous
with amalgamation of the marine arc to the margin of North
America.

The Hogem batholith has a lin ear north west erly trend par -
al lel to the Pinchi fault sys tem, sep a rat ing the Quesnellia
and Cache Creek ter ranes and sug gest ing a struc tural con -
trol over batholith em place ment (Nel son and Belle fon -
taine, 1996). A break in the re gional struc tural trend be -
neath Chuchi Lake, sug gest ing a pre-Tri as sic fault, ex tends
east-south east from the south ern edge of the batholith,
trans verse to the arc. The in ferred fault lies along trend with 
an east-south east shift in the Hogem re gional mag netic
high, in di cat ing de flec tion by this base ment struc ture. The
mag netic anom aly con tin ues ~25 km east ward to the Mount 
Milligan in tru sive suite, a monzonite-diorite-gran ite pluton 
lo cated ~7 km north of the por phyry de posit (Nel son and
Bellefontaine, 1996). Com po si tions and tex tures sug gest
the pluton is an ex ten sion of the Hogem batholith, which
im plies that the monzonitic por phyry stocks of the Mount
Milligan de posit to the south also emanate
from a buried extension of the Hogem
batholith.

Supracrustal Rocks

The Witch Lake suc ces sion,  the host
supracrustal se quence at Mount Milligan
(Fig ures 2, 3), con sists of a mod er ately north -
east-dip ping, al ter nat ing co her ent and clastic
s e  q u en c e  t h a t  i n  c lu d e s  p o r  p h y  r i t i c
clinopyroxene ba saltic trachyandesite (Lang, 
1992; Barrie, 1993; Sketchley et al., 1995).
Co her ent rocks are lavas and (or) shal low in -
tru sions (Fig ure 4). Out side the area of in -
tense al ter ation to ward the 66 zone, be yond
~250 m from the MBX stock, the hostrocks
con ta in  ~25% cl inopyroxene ( lesser
hornblende) and 3–5% subhedral plagioclase 
pheno crysts. Plagioclase con sti tutes 25–50% 
o f  t h e  t r a c h y t i c - t e x  t u r e d  f e l d  s p a r
groundmass, and cryptocrystalline K-feld -
spar forms the re main der. Plagioclase is
oligoclase-an de sine, which is slightly more
calcic than the oligoclase in the ba saltic
trachyandesite and in the Rain bow dike of the 
MBX zone but com pa ra ble to the plagioclase
in the MBX stock and Lower monzonite dike
i n  t h e  6 6  z o n e .  A p  p a r  e n t -  a n d / o r
pseudobreccia tex tures,  com posed of
rounded gravel- to cob ble-sized clasts of ba -
saltic trachyandesite in a compositionally
sim i lar ma trix, are com mon through out the
hostrocks; some of these tex tures re sult from
al ter ation processes, but others are primary
volcaniclastic rocks.

Three rock units are crit i cal to the struc tural in ter pre ta tion
of the hostrock se quence (Fig ure 3). The Lower Trachyte is
an ~70 m thick con form able unit of in tensely al tered rock
sit u ated ~180 m be low the Rain bow dike. At depth in
drillhole 90-652, the rock has thin mafic lami na tions that
re sem ble shear bands but could also rep re sent bed ding
p lanes  in  f ine  ep ic las t i c  ma  t e  r i a l  (Ne l  son  an d
Bellefontaine, 1996). These lami na tions, ori ented at ~30º
to the hor i zon tal axis of the ver ti cal drillcore, in con junc -
tion with the in ter preted ori en ta tions of the MBX stock and
Rain bow dike, pro vide the ba sis for con clud ing a mod er ate
tilt to the de posit (Sketchley et al., 1995). Compositionally,
the Lower Trachyte unit is more sil ica de fi cient than is im -
plied in the term ‘trachyte’, and would be more ac cu rately
de scribed as tephriphonolite (af ter Lang, 1992; Barrie,
1993). The use of ‘trachyte’ in the name of this unit re fers to
trachytic microtexture rather than com po si tion. The very
fine grained trachytic-tex tured rocks are char ac ter ized by
abun dant acicular feld spar microlites. Ghosts of for mer
augite pheno crysts are com posed of bi o tite-chlor -
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Fig ure 2: Plan view of the Mount Milligan alkalic por phyry Cu-Au de posit, show ing
in ter preted ge ol ogy (in clud ing the MBX Main de posit, South ern Star de posit and
Goldmark stock), ma jor faults, four ore-zone di vi sions within the MBX Main de posit
(DWBX, WBX, MBX and 66), ori en ta tion of the hinged cross-sec tion, and lo ca tions
of the drillholes in ves ti gated. Orig i nal li thol ogy pro vided by Placer Dome Inc.



ite±actinolite. Py rite has re placed some augite pheno crysts
and has pre cip i tated in part ings, where it is typ i cally man -
tled by chlorite.

In the 66 zone, the Up per Trachyte unit is an ~20 m thick se -
quence of weakly ve sic u lar, trachytic-tex tured rock that
forms recrystallized fine gran u lar lenses, and gravel-sized
clasts in faults. Compositionally, the unit plots as
tephriphonolite (Lang, 1992; Barrie, 1993), but it may be
potassically al tered trachyandesite, based on the pres ence
of rel ict mafic pheno crysts. As with the Lower Trachyte
unit, hair line frac tures filled with sul phide re sem ble shear
bands dip ping at 35º to the hor i zon tal axis of drillcore. Sim -
i larly ori ented lay er ing is de fined by gran u lar lenses of K-
feld spar (~0.1 mm grains), quartz (5–10 modal %) and mi -
nor fragmental plagioclase. These lenses may also reflect
relict bedding.

In con trast to the rest of the de posit, the hangingwall of the
DWBX zone com prises faulted, polymict fragmental units,
which are pos si bly resedimented hyaloclastite. Ju ve nile
clasts with nondeformed cuspate and tab u lar shards, and
ves i cles filled by hy drous microminerals con sti tute the
west ern fringe of the sys tem in drillhole 90-600.

Intrusive Rocks

The MBX stock is a north west-strik ing, el lip ti cal in tru sive
body with a prin ci pal axis ra tio of ~2:1 and a di am e ter of
~400 m. It has a cir cu lar near-sur face ex pres sion due to tilt -
ing (Fig ure 2). The com pos ite stock has at least three
plagioclase-phyric phases. Com po si tions range from nor -
ma tive quartz monzonite to monzodiorite and plot within
the al ka line and shoshonitic fields (Lang, 1992; Barrie,
1993). Tex tural vari a tions in clude (Fig ure 5) 1) plagioclase
phyric, 2) crowded plagioclase phyric, 3) flow-aligned
plagioclase, 4) me dium-grained equigranular, 5) xenolithic 
monzonite con tain ing monzonitic and bi o tite-mag ne tite
hornfels xe no liths, 6) mag matic-hy dro ther mal brec cia with 
pink K-feld spar ce ment, and 7) ap par ent-brec cia re sult ing
from per va sive K-feld spar al ter ation. Sep a rate in tru sive
phases have been iden ti fied us ing tex tural changes and the
ra tio of modal plagioclase to mafic min er als. Con tacts be -
tween the phases are typically gradational or obscured by
pervasive K-feldspar alteration.

In the WBX zone (drillhole 90-667), the in tru sive se quence 
in cludes an early monzonite phase with crowded,
sericitized plagioclase pheno crysts in a K-feld spar–rich
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Fig ure 3: Pro file view of the Mount Milligan alkalic por phyry Cu-Au de posit along the hinged cross-sec tion show ing a) in ter preted ge ol ogy,
ma jor struc tures, four ore-zone di vi sions of the MBX Main de posit (DWBX, WBX, MBX, and 66), and lo ca tions of the drillholes in ves ti gated
(orig i nal li thol ogy pro vided by Placer Dome Inc.); b) dis tri bu tion of al ter ation as sem blages superposed on the ge ol ogy.



groundmass. This phase forms the outer ~40 m rim of the
stock. In side the stock, the early phase is cut by crowded
plagioclase-phyric monzodiorite with a more biotitic
groundmass. Both phases are lo cally min er al ized. Weakly
sericitized plagioclase-phyric diorite is the youn gest phase. 
In gen eral, the rocks are com posed of >60% crowded
plagioclase (oligoclase-an de sine) with thin al bite rims. Pri -
mary K-feld spar pheno crysts (~2.5 mm) are also pres ent.
Plagioclase is com monly zoned and re placed by a fine-
grained seri cite. The monzonite groundmass is com posed
of K-feld spar (~80%) with mi nor Na-plagioclase (10%),
hy dro ther mal bi o tite (5%) af ter pri mary biotite, and mag -
ne tite (1–5%).

A vari ably jig saw-brecciated to clast-ro tated brec cia body
ex tends the length of the MBX stock. It ranges in thick ness
from 2 m in the WBX zone to 50 m be neath the poorly min -
er al ized cen tre of the stock, and to 5 m near the MBX zone.

The over all ge om e try is poorly con strained. Where ob -
served in drillcore, it var ies from a hematitic, pink, K-
feld spar–ce mented crackle-brec cia to a milled brec cia with
rounded monzonite peb bles in a mag ne tite-al tered ma trix.
Chal co py rite veinlets cut clasts and cement.

The monzodioritic Rain bow dike ex tends out ward from the 
south eastern to southern mar gin of the MBX stock. It is an
~50 m thick, east-dip ping con form able body for ~250 m,
and would be better de scribed as a sill. Ap prox i mately
200 m due east of the stock, it has a bowl shape where the
sill-like body changes to a ver ti cal, curviplanar dike-like
body. Geo chem i cal data (Barrie, 1992) sug gest that the
Rain bow dike is more sil ica undersaturated than the MBX
stock.

Where least al tered, the Rain bow dike is a crowded
plagioclase-phyric monzodiorite (Lang, 1992; Barrie,
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Fig ure 4: Ex am ples of hostrocks of the Witch Creek suc ces sion: A) hornblende-augite–phyric trachyandesite al tered to K-feld spar–Na-
feld spar–actinolite (drillhole 90-598 at 123.3 m); B) coarse augite pheno crysts (4–15 mm) in chlorite-al tered ba saltic trachyandesite with
rib boned py rite-car bon ate L3 vein and Na-feld spar–epidote halo (drillhole 90-675 at 174.2 m); C) pho to mi cro graph of weakly chloritized
trachyandesite with oligoclase-an de sine frag ments (1 mm) and augite pheno crysts (drillhole 90-648 at 176.5 m); D) pho to mi cro graph of ba -
saltic trachyandesite with chlorite-al tered devitrified groundmass and glomeroporphyritic augite (drillhole 90-641 at 118 m).
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Fig ure 5: Drillcore sec tions show ing the va ri ety of com po si tion, tex ture, al ter ation and sul phide min er al iza tion of monzonitic to
monzodioritic rocks in the MBX stock: A) sericitized plagioclase-phyric monzonite with K-feld spar–rich ma trix, and mi nor dis sem i nated
mag ne tite (drillhole 90-616 at 126.0 m); B) weakly sericitized, crowded plagioclase-phyric monzonite with K-feld spar–al tered rims, and in -
ter sti tial bi o tite; dis sem i nated sul phide re places bi o tite sur round ing chal co py rite veinlet (drillhole 90-597 at 223 m); C) plagioclase-phyric
monzodiorite with ~10% mag ne tite-bear ing ma trix (drillhole 90-667 at 133.0 m); D) in tense K-feld spar–quartz al ter ation with clot ted bi o tite
re placed by sul phide (drillhole 90-597 at 223 m); E) pho to mi cro graph of weakly al tered monzonite; sericitized pheno crysts have Na-
plagioclase rims; ap a tite (opaque) at lower right (drillhole 90-597 at 123 m); F) pho to mi cro graph of strong potassic al ter ation con vert ing
monzonite to a gran u lar K-feld spar–quartz as sem blage; K-feld spar re places sericitized plagioclase laths (drillhole 90-597 at 223 m).
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Fig ure 6: a) Cop per grade, b) Au grade, c) Cu/Au ra tio, d) chal co py rite mode es ti mated in the field, and e)
py rite mode es ti mated in the field, superposed on al ter ation shells (dot ted lines on cross-sec tions) along
the hinged cross-sec tion through the Mount Milligan alkalic por phyry Cu-Au de posit (see Fig ure 3b). Data
are binned into five ranges us ing the Jenks Nat u ral Breaks class ing method, which is based on iden ti fy ing
group ings that ex ist nat u rally in the data (Jenks and Caspall, 1971). Fire-as say data were pro vided by
Placer Dome Inc. (now part of Barrick Gold Corp.).



1993) with smaller pheno crysts (~2 mm) than those com -
mon to the MBX stock. Plagioclase is al bite-oligoclase.
The groundmass is pale grey K-feld spar with dis sem i nated
bi o tite, trace car bon ate and seri cite. Within 25 m of the
stock (drillhole 90-628), the dike con tains gravel-sized
monzonitic xe no liths that are prob a bly de rived from the
stock. The dike is typ i cally in fault con tact with host
supracrustal rock. Dike con tacts, par tic u larly within ~50 m
of the stock, are lo cally ob scured due to in tense al ter ation
(Sketchley et al., 1995).

Late-min eral dikes in the MBX Main de posit in clude north -
east-trending, mod er ately north west-dip ping trachyte and
monzonite dikes. North west-trending, steeply north east-
dip ping por phy ritic hornblende-plagioclase diorite dikes
are the youn gest in tru sive rock to oc cur (Sketchley et al.,
1995).

Alteration and Mineralization

The de posit is di vided into four zones based on lo ca tion of
ore and in ter preted struc tural ar chi tec ture (Rebagliati,
1988; Sketchley et al., 1995). These are, from west to east
(Fig ures 2, 3)

· the DWBX zone (downdropped WBX), which lies west
of the stock and west of the steeply east-dip ping Har ris
fault that sep a rates the DWBX on the west from the
WBX zone to the east;

· the WBX zone, which in cludes the west ern por tion of
the MBX stock, the deep est con tin u ous por tion, plus an
~40 m wide, bi o tite-al tered en ve lope of MBX
monzonite and hostrock that is cut by the DWBX fault;

· the MBX (mag ne tite brec cia) zone, which rep re sents
the main Cu-Au orebody and is lo cated im me di ately
south east of the MBX stock along strike from the Rain -
bow dike and Lower Trachyte unit; and

· the down thrown 66 zone, which lies in the hangingwall
of the Rain bow fault, an east-north east-trending, mod -
er ately south east-dip ping crossfault that trun cates the
Rain bow dike and MBX zone to the south.

The north-strik ing, shal lowly east-dip ping Great East ern
fault has trun cated the hy dro ther mal fea tures im me di ately
east of the bowl-like por tion of the Rain bow dike. The fault
sep a rates the Mount Milligan sys tem from early Ter tiary
vol ca nic and sed i men tary rocks. A sec ond crossfault, the
east-north east trending subvertical Ol i ver fault, lies im me -
di ately north of the MBX stock.

MBX Zone

In the MBX zone (Fig ure 3), chal co py rite and mi nor bor -
nite are as so ci ated with potassic (bi o tite–K-feld spar) al ter -
ation and mag ne tite (Fig ure 6) within the bi o tite al ter ation
shell along the brecciated mar gin of the MBX stock and in
the stratiform Lower Trachyte unit and Rain bow dike. Sul -

phide-bear ing quartz veins (Fig ure 7) are also con cen trated
at the mar gins of the MBX stock within monzonite and bi o -
tite hornfels. Sodic-calcic al ter ation (Na-feld spar–
actinolite–epidote; (Fig ure 8) over prints the outer mar gin
of the potassic shell and passes out ward to in ner- (Fig ure 9)
and outer-propylitic al ter ation (epidote–Na-feld spar–cal -
cite–actinolite–chlorite), and re gional chloritic al ter ation
(Fig ure 3). The grades of Cu and Au are max i mized where
albitization of the potassic zone is stron gest (Fig ure 6a–b).
Mod er ate Au grade con tin ues out ward within the py rite
halo as so ci ated with the pe riph eral as sem blages. A car bon -
ate-phyllic (do lo mite-an ker ite-seri cite-py rite) vein within
the dis tal Rain bow dike has el e vated Au and Cu grades
(Fig ure 10D). Late-stage epidote-chlorite-py rite has ex -
ploited permeable stratigraphic horizons within the biotite
shell (Figure 3).

66 Zone

In the 66 zone (Fig ure 3) above the Rain bow fault, the
potassic as sem blage re ap pears and is marked by per va sive
K-feld spar al ter ation and Cu-Fe sulphides in the Up per
Trachyte unit, and bi o tite al ter ation of sur round ing
trachyandesite (Fig ures 3b, 11). Sheeted mag ne tite veins
are con cen trated at the lower con tact of the Up per Trachyte. 
The unit ter mi nates in a mag ne tite brec cia, which tran si -
tions into a zone of in tense car bon ate-phyllic al ter ation. El -
e vated Au grade is pres ent within mi nor faults and along
late-min eral dike con tacts within the car bon ate-phyllic as -
sem blage, but de creases with dis tance from the Up per
Trachyte. Gold grade sharply de creases in the outer-
propylitic and chloritic al ter ation zones that sur round the
carbonate-phyllic–altered shell (Figure 6a–c).

DWBX Zone

In the lower DWBX zone (Fig ure 3), an ~30 m en ve lope of
Cu-Au as so ci ated with potassic al ter ation and mag ne tite is
nested along the up per con tact of a monzonite, po ten tially
the down-dropped MBX stock, where it is cut off by the
Har ris fault (Fig ure 6a–c). Per va sive outer-propylitic al ter -
ation of volcaniclastic con glom er ate bor der ing the bi o tite
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Fig ure 7: Early- to tran si tional-stage veins and re place ment sul -
phide min er als, Mount Milligan alkalic por phyry Cu-Au de posit: A)
chal co py rite vein with bi o tite halo (drillhole 90-675 at 254 m); B)
pho to mi cro graph of chal co py rite-py rite vein with py rite grains en -
trained in chal co py rite (drillhole 90-628 at 38 m); C) mag ne tite-
chal co py rite±py rite veins in den dritic ar ray with car bon ate-
chamosite ha los (drillhole 90-639 at 116.2 m); D) py rite-mag ne -
tite±chal co py rite veins (drillhole 90-639 at 50.6 m); E) pho to mi cro -
graph of vein, show ing mag ne tite sur round ing coarse py rite and in -
ter sti tial car bon ate re plac ing trace chal co py rite (drillhole 90-639 at 
50.6 m); F) vein cut ting monzonite in fault zone be tween the MBX
stock and bi o tite hornfels (drillhole 90-616 at 194.5 m). G) and H)
pho to mi cro graphs of chal co py rite-py rite-mag ne tite±en ar gite re -
place ment of clinopyroxene pheno crysts (drillhole 90-639 at 34.5
and 50.6 m). Ab bre vi a tions: py, py rite; cpy, chal co py rite; en, en ar -
gite; mt, mag ne tite; bt, bi o tite; chl, chlorite; cbt, car bon ate; cc, cal -
cite.
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Fig ure 8: Sodic-calcic (outer-calcpotassic) al ter ation, Mount Milligan alkalic por phyry Cu-Au de posit: A) se lec tive-per va sive albitization of
ba saltic trachyandesite and weak epidote af ter Na-plagioclase (drillhole 90-639 at 135 m); B) pho to mi cro graph of bow-tie tex ture of Na-
plagioclase groundmass with scat tered actinolite nee dles (drillhole 90-639 at 166 m); C) pho to mi cro graph of dis in te gra tion of actinolitized
pheno crysts within albitized groundmass (drillhole 90-639 at 127.6 m); D) pho to mi cro graph of re ac tion front be tween Na-plagioclase and
K-feld spar al ter ation (drillhole 90-639 at 193.8 m); E) pho to mi cro graph of py rite-epidote-car bon ate re plac ing Na-plagioclase groundmass
(drillhole 90-639 at 193.8 m); F) py rite-chal co py rite vein with epidote sel vage and Na-plagioclase halo over print ing bi o tite along coarse lay -
er ing (flow-band ing?) at 45º to the hor i zon tal axis of the drillcore (drillhole 90-639 at 182 m). Ab bre vi a tions: Ksp, K-feld spar; bt, bi o tite; ab,
Na-plagioclase; act, actinolite; ep, epidote; cbt, car bon ate; py, py rite.



hornfels be comes more chloritic to wards the Har ris fault.
Late py rite veins that cut the potassic zone may be ge net i -
cally linked with the outer-propylitic assemblage.

Paragenesis

The al ter ation and metal zon ing at the Mount Milligan de -
posit is di vided into ver ti cal and lat eral com po nents (Fig -
ure 3). Lat er ally, al ter ation pro gresses from potassic and lo -
cal calcpotassic to sodic-calcic to in ner- and outer-
propylitic as sem blages, span ning ~350 m in the MBX
zone. Ver ti cally, al ter ation pro gresses from potassic to car -
bon ate-phyllic as sem blages, span ning ~300 m in the MBX
and 66 zones. The in ti mate as so ci a tion of metal and al ter -
ation zonation with ore grade at the Mount Milligan MBX
Main de posit is dis cern ible when com par ing al ter ation
shells to fire-assay data (Figure 6a, b).

The potassic and calcpotassic shell is most ex ten sive in the
MBX zone, ex tend ing ~260 m from the MBX stock, but is
largely over printed by youn ger al ter ation stages be yond
~130 m. Cop per and Au have a greater than 1:1 re la tion ship 
(wt %/[g/t]) in the deep est lev els (lower DWBX zone,

WBX zone), a subequal re la tion ship at in ter me di ate lev els
(deep MBX zone, Lower Trachyte unit), and less than unity
sur round ing the Rain bow dike (Fig ure 6c). The Cu/Au ra tio 
gen er ally de creases up ward and out ward with in creas ing
Cu and Au grade, al though an ~75 m wide in ter val of high -
est grade oc curs within the Lower Trachyte unit in drillhole
90-628.

Potassic al ter ation is pres ent in the down-dropped 66 zone
(Fig ure 3), where it is cen tred on the fault-bounded Up per
Trachyte unit. Cop per and Au grades are slightly lower than 
in the up per MBX zone (Fig ure 6a–c). How ever, Au grade
in creases by 100% where the potassic as sem blage ter mi -
nates in a mag ne tite-al tered milled brec cia (drillhole 91-
815; Fig ure 11C), and car bon ate-phyllic al ter ation
intensifies.

Sodic-calcic al ter ation de fines an in ter me di ate zone be -
tween calcpotassic- and propylitic-stage as sem blages (Fig -
ure 3). It is stron gest along the up per mar gin of the Lower
Trachyte unit, but ex tends be low the Lower Trachyte as
close as ~50 m to the MBX stock. From the deep est known
ex tent up ward to the footwall of the Rain bow dike
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Fig ure 9: In ner-propylitic al ter ation, Mount Milligan alkalic por phyry Cu-Au de posit: A) Microcrystalline epidote–Na-plagioclase–actinolite–
cal cite vein with as so ci ated py rite, and cloudy K-feld spar halo (drillhole 90-641 at 112.2 m). B) in thin sec tion, the vein is com posed of
actinolite nee dles, fine-grained epidote and Na-plagioclase af ter K-feld spar; scan ning elec tron mi cro scope anal y sis in di cates the pris matic 
blue min eral in the up per right cor ner is epidote, al though it re sem bles zoisite (drillhole 90-641 at 112.2 m); C) very fine grained epidote–Na-
feld spar al ter ation with coarse py rite and chlorite halo af ter bi o tite (drillhole 90-641 at 132.1 m); D) py rite-rich P1-stage al ter ation band over -
print ing chloritized trachyandesite (drillhole 90-815 at 127 m).



44 Geoscience BC Sum mary of Ac tiv i ties 2008

Fig ure 10: Car bon ate-phyllic al ter ation, Mount Milligan alkalic por phyry Cu-Au de posit: A) salmon pink phengite-do lo mite-illite±brucite-
arfvedsonite al ter ation with py rite pseudo morphs and do lo mite veinlet stockwork (drillhole 90-650 at 60.5 m); B) stockwork of py rite veinlets 
in car bon ate-phyllic al ter ation (drillhole 90-648 at 123 m); C) pho to mi cro graph of do lo mite pseudo morphs in trachytic-tex tured
groundmass; al ter ation is mus co vite-illite-chlorite-bi o tite; py rite also re places pheno crysts and is finely dis sem i nated in the groundmass
(drillhole 90-648 at 59.9 m); D) car bon ate-phyllic vein in dis tal Rain bow dike with Au-bear ing sul phide (5.11 g/t Au); al ter ation is do lo mite-
an ker ite-seri cite-illite (drillhole 90-652 at 81.1 m); E) car bon ate-phyllic al ter ation at the up per mar gin of the Rain bow dike, ~15 m from the
MBX stock; al ter ation is quartz–an ker ite–adu laria–mus co vite–bi o tite–Na-feld spar–py rite (90-628 at 31 m); F) pho to mi cro graph of an ker ite
veinlet cut ting py rite veinlet in Lower Trachyte unit; remobilized chal co py rite is re placed by Cu-sulphosalt; al ter ation is mus co vite-an ker ite-
brucite-illite (drillhole 90-628 at 201.1 m). Ab bre vi a tions: ank, an ker ite; cp, chal co py rite; py, py rite; en, en ar gite (Cu-sulphosalt).
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Fig ure 11: In ter me di ate-stage potassic al ter ation in the 66 zone, Mount Milligan alkalic por phyry Cu-Au de posit: A) au rif er ous K-feld spar–
py rite over print ing bi o tite-al tered trachyandesite, footwall of the Up per Trachyte (drillhole 91-815 at 103 m); B) pho to mi cro graph of the Up -
per Trachyte unit, with bi o tite-filled microfracture net work over printed by py rite-epidote-do lo mite clots (drillhole 91-815 at 86 m); C) pho to -
mi cro graph of mag ne tite-ce mented milled brec cia with trachytic clasts al tered to K-feld spar–do lo mite, south east ern ter mi nus of Up per
Trachyte (drillhole 91-815 at 81.1 m); D) in tensely K-feld spar–al tered clasts in brec cia at the up per con tact of the Rain bow fault (bed ded
trachyte unit, Placer Dome Inc.), with clot ted bi o tite re placed by sul phide; epidote-al bite-chlorite al ter ation is pres ent be tween clasts
(drillhole 90-643 at 102.5 m); E) xenolithic monzonite with trachyte xe no lith (drillhole 91-815 at 183 m); F) pho to mi cro graph of xenolithic
monzonite, with oligoclase-an de sine pheno crysts in K-feld spar groundmass; mafic min er als are re placed by py rite and mi nor car bon ate.
Ab bre vi a tions: Ksp, K-feld spar; bt, bi o tite; chl, chlorite; dol, do lo mite; ep, epidote; ab, al bite; cpy, chal co py rite; py, py rite; trach, trachyte;
monz, monzonite.



(drillhole 90-639), the Au grade of the sodic-calcic shell in -
creases by ~70%. This rep re sents the best Cu-Au grade of
the de posit apart from that within the Lower Trachyte
(drillhole 90-628), which may be a deeper por tion of the
same assemblage.

In ner-propylitic al ter ation (Na-feld spar–epidote–py rite)
lies out board of the sodic-calcic shell in the MBX zone at
~150 m from the MBX stock, and also over prints the
calcpotassic as sem blage (Fig ure 3). Chal co py rite-mag ne -
tite is de stroyed where over printed by epidote, which is re -
flected in the low Cu grade, whereas Au grade can re main
moderately high.

Late-stage car bon ate-phyllic al ter ation (Fig ure 3) in the
66 zone de vel ops out ward from potassic al ter ation cen tred
on the Up per Trachyte, and also oc curs in a 1.7 m wide vein
at the lower mar gin of the Rain bow dike (drillhole 90-652).
Gold grade reaches peak val ues where the car bon ate-
phyllic as sem blage com mences (~4–5 g/t; Fig ure 6b). It de -
creases out ward to mod est lev els (0.1–0.6 g/t) ex cept along
mi nor faults and dike con tacts, which re main at el e vated
grade (~1–3 g/t). Chal co py rite is pres ent in trace amounts
within the dom i nant py rite, where it hosts gold. In the MBX 
zone, car bon ate-phyllic al ter ation over prints the up per
mar gin of the Rain bow dike be yond ~230 m from the stock.
It fol lows the Lower Trachyte for at least 90 m, where Cu-
sulphosalt re place ment of chalcopyrite is observed in
ankerite veins.

Outer-propylitic al ter ation (epidote-chlorite-py rite) is pe -
riph eral to all other al ter ation stages in the MBX and
66 zones (Fig ure 3b) but also cuts across the ear lier as sem -
blages along per me able ho ri zons. Much of the lower
DWBX zone is over printed by the outer-propylitic stage,
re flect ing an abun dance of per me able vol ca nic-con glom er -
ate as hostrock. Gold grade is mod er ate to weak and Cu is
in sig nif i cant (Figure 6a–c).

A de posit-wide py rite halo (Sketchley et al., 1995;
Oldenberg et al., 1997) is as so ci ated with pe riph eral sodic-
calcic, in ner- and outer-propylitic, and car bon ate-phyllic
as sem blages where py rite abun dance is typ i cally 1–5
modal % (Fig ure 6d, e).

Lateral and Vertical Zonation

The Cu-Au ore zone co in cides with chal co py rite-py rite–
and mag ne tite-bear ing potassic al ter ation in the MBX stock 
and ba saltic trachyandesite hostrock. The mag ne tite-as so -
ci ated in ner calcpotassic shell ex tends ~130 m out ward
from the stock mar gin and abruptly ter mi nates within the
sodic-calcic zone. Bi o tite al ter ation con tin ues an other
~150 m into the hostrock but is over printed by the sodic-
calcic (~100–150 m from the stock mar gin), in ner-pro -
pylitic (~150–220 m) and outer-propylitic as sem blages

(>220 m). Bi o tite also shows lit tle compositional vari a tion
within the deposit (Delong, 1996).

In the 66 zone, the Up per Trachyte hosts a mag ne tite-bear -
ing Cu-min er al ized calcpotassic as sem blage, which is sur -
rounded by sodic-calcic and in ner- and outer-propylitic as -
sem blages with in creas ing depth (Fig ure 2b). Do lo mite-
an ker ite re place ment of mafic phases char ac ter izes the Up -
per Trachyte but in creases in in ten sity to the south east,
form ing a fun nel-shaped body of car bon ate-phyllic
alteration in the hostrock.

Conclusions

The highly faulted, Early Ju ras sic Mount Milligan alkalic
por phyry Cu-Au de posit is tilted, pro vid ing an oblique
cross-sec tion through an alkalic por phyry sys tem. Potassic
al ter ation de fines the core and ap pears to pass up ward into a 
car bon ate-phyllic al ter ation as sem blage. Lat er ally, the
mag matic plume marked by the potassic and calcpotassic
al ter ation is fringed by sodic-calcic and fi nally the in ner-
and outer-propylitic as sem blages. The crit i cal el e ment en -
abling the re con struc tion of the ver ti cal al ter ation was the
rec og ni tion of the rep e ti tion of potassic al ter ation im me di -
ately above the Rainbow fault in the lower levels of the 66
zone.
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Introduction

The fa mous Cariboo Au rush in east-cen tral BC was trig -
gered by the dis cov ery of rich placer-Au de pos its on sev -
eral creeks in the Likely and Wells-Barkerville ar eas (Fig -
ure 1) be tween 1859 and 1862. This area has sub se quently
yielded an es ti mated 2.5 to 3 mil lion ounces (80–96 tonnes) 
of placer Au (e.g., Levson and Giles, 1993), roughly half of
BC’s to tal his toric placer-Au pro duc tion. Gold-bear ing oro -
genic gold-quartz veins and as so ci ated py ritic re place ment
de pos its in meta mor phic rocks of the Barkerville terrane
were dis cov ered soon af ter placer min ing be gan and have
pro duced ap prox i mately 1.2 mil lion ounces (38.3 tonnes)
of Au since that time. Lode-Au ex plo ra tion con tin ues in
both the Wells-Barkerville area and struc tur ally higher
rock units of the Quesnel terrane far ther to the south and
west, where the Span ish Moun tain and Frasergold de pos its
oc cur (Fig ure 1). To gether with the Wells-Barkerville area,
the Span ish Moun tain and Frasergold de pos its, and sev eral
other ar eas of Au pros pects along and ad ja cent to placer-
Au–bear ing creeks in both the Barkerville and Quesnel ter -
ranes de fine the Cariboo Au dis trict (CGD), which in cludes 
much of the cen tral and north west ern parts of the 093A map 
sheet, as well as the south west ern part of the 093H map
sheet (Fig ure 1).

Al though in di vid ual de pos its of the Quesnel terrane dif fer
in char ac ter from those in the Barkerville terrane, much of
the Au in each of these ter ranes is con tained within quartz-
car bon ate veins of broadly ‘orogenic’ vein type (Goldfarb
et al., 2005) that are com pa ra ble in style and struc tural tim -
ing. In sev eral de pos its in these ar eas, how ever, older styles
of py ritic and quartz-py rite min er al iza tion that pre date

these late orogenic veins are de vel oped in close as so ci a tion
with the later veins, sug gest ing min er al iza tion was a pro -
tracted or multiphase pro cess. De spite ex cit ing new dis cov -
er ies that have been made through out the Cariboo Au dis -
trict over the past two de cades, very lim ited re cent re search
has been done di rectly on the de pos its in the area.

This re port doc u ments the ini tial re sults of a one-year, re -
con nais sance-level study of lode-Au min er al iza tion and
po ten tial of the CGD (Fig ure 1), which be gan in 2008. The
main goals of the study are to pro vide con straints on the
age(s) and struc tural con trols on min er al iza tion in dif fer ent
parts of the CGD. This is be ing achieved through a syn the -
sis of pre vi ous work in the re gion com bined with fo cused
struc tural, geo chron ol ogi cal and Pb iso to pic stud ies of
some of the main lode-Au oc cur rences in the belt. The ob -
jec tive of this work is to im prove the un der stand ing of some 
key as pects of the ge ol ogy and Au metallogeny of the CGD, 
pro vid ing guide lines to the fu ture ex plo ra tion of the dis trict 
and en abling com par i sons to other sim i lar Au dis tricts
glob ally.

Regional Geological Framework

The CGD is un der lain by parts of four main ter ranes (Fig -
ure 1). Bed rock in most of the north ern and east ern parts of
the area com prises mid dle-greenschist– to lower-am phi bo -
lite–grade, polydeformed meta mor phic rocks of the
Barkerville terrane (the north ern ex ten sion of the Kootenay 
terrane) and the struc tur ally over ly ing Cariboo terrane,
which are jux ta posed along the north east-dip ping Pleas ant
Val ley thrust fault (Struik, 1987, 1988). The Barkerville
and Cariboo ter ranes are ‘pericratonic’ in char ac ter, com -
pris ing mainly meta mor phosed equiv a lents of con ti nent-
de rived siliciclastic protoliths with interlayered mar ble
units and gra nitic orthogneiss, and are thought to have
formed in close prox im ity to the west ern mar gin of
Laurentia. Struc tur ally over ly ing both the Barkerville and
Cariboo ter ranes in the north ern part of the area are mafic
vol ca nic rocks and as so ci ated pe lagic sed i men tary units of
the oce anic Ant ler allochthon, which forms part of the Slide 
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Moun tain terrane. The south west ern
mar gin of the Barkerville terrane is
struc tur ally over lain along the Eu reka
thrust by much less de formed and less
meta mor phosed vol ca nic and sed i men -
tary strata of the Quesnel terrane,
which in this area con sists of mainly
Mid dle–Late Tri as sic vol ca nic rocks
and phyllitic siliciclastic units. The
Crooked am phi bo lite (Fig ure 1) oc curs
as a dis con tin u ous, strongly de formed
and meta mor phosed lens of mafic
meta vol can ic rocks and mi nor ser pen -
tin ite along the Eu reka thrust be tween
the Quesnel terrane and the un der ly ing
Barkerville terrane. The na ture and
terrane af fil i a tion of the Crooked am -
phi bo lite is un cer tain, with some work -
ers in ter pret ing it to be ei ther a basal
unit of the Quesnel terrane (e.g.,
Bloodgood, 1992; Panteleyev et al.,
1996), whereas oth ers con sider it to be
a thrust-bounded slice of the Slide
Moun tain terrane that is sandwiched
be tween the un der ly ing Barkerville
terrane and the base of the Quesnel
terrane (e.g., Ash, 2001; Ray et al.,
2001; Ferri and Schiarizza, 2006).
Other iso lated klippe of mafic meta vol -
can ic rocks of un cer tain terrane af fil i a -
tion over lie Barkerville terrane meta -
mor  phic  rocks  on  Hardscrabble
Moun tain and Is land Moun tain (Struik, 
1988; Ferri and Schiarizza, 2006).

The Quesnel terrane in this area mainly
com prises a pack age of weakly de -
formed, vari ably phyllitic, car bo na ceous siliciclastic rocks
(lo cally termed the ‘black phyllite’ by Rees, 1987; equiv a -
lent to the ‘black pelite suc ces sion’ of Lo gan, 2008) with
mi nor mafic vol ca nic and volcaniclastic interlayers. This
lower, dom i nantly metaclastic pack age is over lain along
the Span ish thrust (Struik, 1988; Lo gan, 2008) by mafic to
in ter me di ate vol ca nic rocks as signed to the Late Tri as sic
Nicola Group. The sed i men tary pack age has yielded Mid -
dle–Late Tri  as sic fos si l ages (Bloodgood, 1992;
Panteleyev et al., 1996).

Sev eral suites and ages of in tru sive rocks are pres ent in the
Wells-Barkerville area and ad join ing por tions of the
Barkerville terrane. Strongly de formed gra nitic to
granodioritic orthogneiss bod ies oc cur in sev eral lo cal i ties, 
par tic u larly in the vi cin ity of Quesnel Lake and east of Eu -
reka Peak (Fig ure 1). Sev eral of these in tru sions have
yielded early Mis sis sip pian U-Pb zir con crys tal li za tion
ages (Mortensen et al., 1987; Ferri et al., 1999). Vari ably

fo li ated metadiorite oc curs as small, wide spread but vol u -

met ri cally mi nor sills, dikes and ir reg u lar bod ies within the

Snow shoe Group of the Barkerville terrane (Struik, 1988;

Schiarizza and Ferri, 2003). In rare in stances, the

metadiorite forms sills up to sev eral hun dred metres in

thick ness. Pickett (2001) and Ray et al. (2001) de scribe

dioritic in tru sive rocks in drillcore in the Is land Moun tain

and Mos quito Creek ar eas, re spec tively, that may be long to

this in tru sive suite. Sam ples of diorite from two lo cal i ties

near Barkerville and one in the Keithley Creek area ap prox -

i mately 30 km to the south east have given Early Perm ian U-

Pb zir con crys tal li za tion ages of 277–281 Ma (Ferri and

Fried man, 2002). In the Wells-Barkerville area, sev eral

small, strongly al tered, fo li ated fel sic bod ies termed the

Proserpine in tru sions have been doc u mented, which ap -

pear to have been emplaced prior to the D2 fold ing (Struik,

1988; Schiarizza and Ferri, 2003). Youn ger, rare, lo cally

quartz-phyric rhy o lite dikes that ap pear to be post-tec tonic
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Fig ure 1: Re gional geo log i cal set ting of the Cariboo Au dis trict, show ing prin ci pal ter ranes 
and ma jor lithological pack ages. Ar eas of known lode-Au oc cur rences are shaded in yel -
low, and placer-Au–pro duc ing creeks are in di cated by thick pur ple lines. Prin ci pal known
Au-pro duc ing ar eas in the Barkerville terrane are in ar eas of greenschist-grade meta mor -
phism and do not ex tend into am phi bo lite-grade do mains.



(Hol land, 1954; Struik, 1988) and rel a tively fresh lam pro -
phyre dikes have also been mapped in sev eral lo cal i ties in
the east ern Barkerville terrane area by Struik (1988) and
Termuende (1990). No iso to pic age con straints are cur -
rently avail able for the Proserpine in tru sions or for the rhy -
o lite or lam pro phyre dikes.

Within the black phyllite suc ces sion of the Quesnel terrane, 
sev eral small in tru sions that have been mapped south east of 
Quesnel Lake range from diorite, monzonite and syenite in
com po si tion and are prob a bly Late Tri as sic to Early Ju ras -
sic in age (Panteleyev et al., 1996).

Meta mor phic rocks in the CGD re cord sev eral dis tinct
phases of de for ma tion and meta mor phism. Re gion ally,
mos t  work  e r s  r ec  og  n i ze  two  dom i  nan t  syn -  to
postaccretionary phases of de for ma tion that af fect rocks in
both the Quesnel and Barkerville ter ranes, broadly termed
phase 1 and phase 2 by pre vi ous work ers (e.g., Panteleyev
et al., 1996; Schiarizza and Ferri, 2003; Ferri and
Schiarizza, 2006). Pre-accretionary older fab rics have also
been rec og nized lo cally in the Barkerville terrane, but are
over printed by the later phase 1 and phase 2 events. Phase 1
struc tures (gen er ally the ear li est rec og niz able fab rics,
termed D1 here) pro duced a pen e tra tive slaty to phyllitic
cleav age (S1) that is ax ial pla nar to gen er ally east- to north -
east-verg ing, tight to iso cli nal, gen er ally north west-
trending F1 folds and shear zones. The phase 1 (D1) event is
gen er ally thought to be as so ci ated with the em place ment of
the Nicola Group rocks in the Quesnel terrane onto the
Barkerville terrane along the Eu reka thrust (Rees, 1987;
Bloodgood, 1987, 1992; Panteleyev et al., 1996; Ferri and
Schiarizza, 2006). The phase 1 event was ac com pa nied by,
and was lo cally out lasted by peak re gional meta mor phism.
Phase 2 struc tures (D2) re gion ally in clude the Eu reka Peak
syncline (Fig ure 1), which openly refolds both the ear lier S1

fo li a tion and as so ci ated folds and the D1 Eu reka thrust
(Bloodgood, 1992). The D2 struc tures are as so ci ated with
de vel op ment of a sec ond ary, lo cally dom i nant crenulation
cleav age (S2), which is ax ial pla nar to the Eu reka syncline
and other phase 2 folds (F2; Bloodgood, 1987, 1992). An
in tense, shal lowly north west-plung ing com pos ite in ter sec -
tion and elon ga tion lineation (L2) oc curs at the in ter sec tion
of S2 and older S1 fo li a tion, and is par al lel to F2 fold axes.
The long axes of many Au-bear ing zones in the area are par -
al lel to L2, and extensional veins re lated to many Au de pos -
its in the area are ap prox i mately or thogo nal to L2. Late
north- to north east-trending crenulation cleav age and kink
bands form later, ret ro grade low-strain events re gion ally.

In the Barkerville terrane, sec ond-phase (F2) folds form ex -
ten sive, re cum bent and south west-verg ing nappe struc -
tures that have am pli tudes of ap prox i mately 25 km (Ferri
and Schiarizza, 2006). These re sult in the over turn ing of
large por tions of the Barkerville terrane stra tig ra phy. They,
in turn, are af fected by the Light ning Creek anticline and an

open, north west-trending up right fold that runs through
cen tral por tions of the Barkerville terrane, and to which late 
(S3) crenulation cleav age is ax ial pla nar.

Struc tur ally late north erly to north-north east erly trending,
right-lat eral (dextral) faults oc cur through out the CGD, ex -
tend ing across and off set ting lithological con tacts in clud -
ing ma jor thrust sur faces as so ci ated with terrane bound -
aries. These faults have a pro tracted struc tural his tory,
lo cally dis play ing early semibrittle fab rics, with wide -
spread later brit tle dis place ments along clay gouge seams.
These struc tures are of ten spa tially as so ci ated with late
gold-quartz veins that are wide spread through out the dis -
trict.

Ab so lute age con straints on the tim ing of the var i ous meta -
mor phic and struc tural events that have af fected the
Barkerville and Quesnel ter ranes prior to this study were
very lim ited. Peak meta mor phism is thought to have oc -
curred at ap prox i mately 174 ±4 Ma, based on a U-Pb age
for meta mor phic ti tan ite from near Quesnel Lake
(Mortensen et al., 1987). An drew et al. (1983) re ported a
sim i lar K-Ar whole-rock age of 179 ±8 Ma for phyllite at
the Cariboo Gold Quartz mine. Po tas sium-ar gon ages of
141 ±5 Ma (An drew et al., 1983) and 139 ±5 Ma (Alldrick,
1983) have been re ported for seri cite as so ci ated with min -
er al ized quartz veins at the Cariboo Gold Quartz and Mos -
quito Creek mines, re spec tively. An es sen tial as pect of un -
der stand ing the rel a tive tim ing and con trols on Au
min er al iza tion through out the CGD dis trict is whether the
dif fer ent-phased fab rics as so ci ated with the prin ci pal de -
for ma tion events and meta mor phism sum ma rized above
are cor re la tive through out the re gion, es pe cially across
terrane bound aries. Since the prin ci pal fab rics across the
re gion are syn- to postaccretionary in tim ing, and foliations
and as so ci ated folds can be traced con tin u ously across the
re gion with sim i lar rel a tive ages, styles and ori en ta tions,
the se quence of re gional de for ma tion is con sid ered here to
be cor re la tive be tween the Quesnel and Barkerville ter -
ranes, al though ab so lute ages of each event could vary lo -
cally both be tween and within in di vid ual ter ranes if de for -
ma tion was transgressive across the area. On go ing
geo chron ol ogy as so ci ated with this study should help to
pro vide fur ther con straints.

Field and Analytical Studies from 2008

Our field work in the CGD in cluded de tailed field ex am i na -
tion of lode-Au oc cur rences and col lec tion of an ex ten sive
suite of sam ples for petrographic, dat ing and geo chem i cal
stud ies. Sys tem atic sur face map ping of the Span ish Moun -
tain de posit area in con junc tion with drillcore re view was
also un der taken dur ing the field work pro gram to fur ther
un der stand the set ting and con trols on min er al iza tion there. 
A sub stan tial amount of 40Ar/39Ar dat ing has now been
com pleted from the Wells-Barkerville area as part of this
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study, and four U-Pb zir con ages have also been de ter mined 
for sam ples from the Span ish Moun tain area. In ad di tion, a
num ber of sul phide sam ples from the Wells-Barkerville
area have been an a lyzed for Pb iso to pic com po si tions. Re -
sults of field stud ies in the prin ci pal field ar eas that were ex -
am ined are sum ma rized be low in the con text of pre vi ously
pub lished and un pub lished work, to gether with a pre lim i -
nary in ter pre ta tion of the re sults of the new dat ing and iso -
to pic stud ies. Ad di tional geo chron ol ogi cal, iso to pic and
petrographic work is cur rently un der way and will be syn -
the sized in fu ture pub li ca tions.

Lode-Au Deposits in the Barkerville Terrane

The Barkerville terrane hosts the high est fre quency of lode-
Au oc cur rences in, and re cords most of the his tor i cal lode
Au and placer pro duc tion from, the CGD. Known lode-Au
oc cur rences are most abun dant over an ap prox i mately
50 km strike length from Cariboo Lake in the north west to
sev eral kilometres north west of Wells (Fig ure 1). Within
this area, min er al iza tion oc curs in two par al lel north-north -
west–ori ented trends:

· The first trend is lo cated along the north east ern mar gin
of the Barkerville terrane, ex tend ing from the Wells-
Barkerville area southeastwards through pros pects on
Ant ler and then Cunningham creeks (Fig ure 1).

· The sec ond trend lies ap prox i mately 10 km to the west-
south west of the above trend in cen tral por tions of the
Barkerville terrane, and com prises two clus ters of lode-
Au de pos its: the Light ning Creek area in the north and
Yanks Peak area to the south east (Fig ure 1). Al though
few Au oc cur rences are re ported be tween these two ar -
eas, nu mer ous quartz veins and vein sys tems are vis i ble
on ridgetops be tween them.

Prin ci pal placer-pro duc ing creeks are spa tially as so ci ated
with, or drain the ridges in these trends (Fig ure 1), sug gest -
ing that much of the placer Au is lo cally sourced. The ter mi -
na tion of these min er al ized trends be fore the in ter sec tion of 
the bi o tite isograd to the south east of Cariboo Lake and to
the west-north west of Wells (Fig ure 1) sug gests that the as -
so ci ated vein sys tems may be pref er en tially lo cal ized in
lower-greenschist–grade rocks (Struik, 1988). These
trends may cor re spond to struc tural cor ri dors formed by
high-strain zones or faults in the re gion, within which ad di -
tional lo cal lithological and struc tural con trols may have
fo cused min er al iza tion.

Wells-Barkerville Area, Barkerville Terrane

The Wells-Barkerville area is by far the most im por tant Au-
pro duc ing camp within the CGD, hav ing been the source of
vir tu ally all his tor i cal lode-Au pro duc tion and much of the
placer pro duc tion from the dis trict (Hall, 1999). Lode-Au
pro duc tion in the camp has come from the Cariboo Gold
Quartz (093H  019), Is land Moun tain (093H  019) and
Mos quito Creek (093H  025) mines, which col lec tively de -

fine a sin gle, shal low north west-plung ing min er al iz ing
sys tem that is de vel oped over a 4.5 km strike length, from
which 1.23 mil lion ounces of Au have been pro duced (Hall, 
1999). Gold min er al iza tion ex hib its both strong struc tural
and strati graphic con trol, and is de vel oped mainly within
150 m of the north east-dip ping con tact  be tween
interbedded quartz ite, seri cite, phyllite and lime stone of the 
Downey suc ces sion to the north east (‘Baker’ unit in mine
ter mi nol ogy), and car bo na ceous metaturbiditic rocks of the 
Hardscrabble suc ces sion to the south west (‘Rain bow’
unit). Show ings and de pos its con tinue for an other 10 km to
the south east from the Cariboo Gold Quartz mine in the
same strati graphic po si tion (e.g., Warspite, Hard Cash,
Ant ler Moun tain; Fig ure 1; Suther land Brown, 1957). Min -
er al iza tion is of two va ri et ies, re place ment and vein min er -
al iza tion, which oc cur to gether within a broad zone of dif -
fuse iron-car bon ate–seri cite al ter ation and high D2 strain
(Skerl, 1948; Suther land Brown, 1957; Hall, 1999; Rhys
and Ross, 2001).

Re place ment Min er al iza tion

Re place ment min er al iza tion com prises mul ti ple small
(500–40 000 tonnes), manto-like, folded, north west-plung -
ing, rod-shaped bod ies of mas sive, fine-grained py -
rite>iron-car bon ate+quartz that re place lime stone bands
within 25 m of the struc tural base of the Downey (Baker
unit) suc ces sion in the Is land Moun tain and Mos quito
Creek mines in north west ern por tions of the camp (Ben e -
dict, 1945; Alldrick, 1983; Rob ert and Tay lor, 1989). Ap -
prox i mately 32% of lode pro duc tion from the camp was
from this min er al iza tion type (Hall, 1999). Ore shoots
plunge par al lel to the axes of, and are spa tially as so ci ated
with the hinge zones of mesoscopic D2 folds, at least lo cally 
where they are in ter sected by north east-dip ping S2-par al lel
thrust sur faces in zones of higher strain. The py rite bod ies
con tain coarse-grained do lo mite, py rite and ar seno py rite
on their mar gins (Fig ure 2a), and are of ten en vel oped by
seri cite±iron-car bon ate/do lo mite±fuch site al ter ation or
sili ci fi ca tion, both of which re place the host lime stone out -
ward from the py rite min er al iza tion. Min er al iza tion is com -
monly banded, with al ter nat ing py rite and car bon ate-dom i -
nant bands (Fig ure 2b). High est Au grades are as so ci ated
with fine-grained py rite within which Au oc curs as grains
along crys tal bound aries and frac tures.

Re place ment min er al iza tion of sim i lar char ac ter at the Bo -
nanza Ledge zone (093H  140) oc curs 2.25 km to the south -
east of the Cariboo Gold Quartz–Mos quito sys tem (Rhys
and Ross, 2001; Yin and Daignault, 2007). How ever, the
Bo nanza Ledge zone is hosted by, and re places thinly bed -
ded metaturbidites of the Hardscrabble suc ces sion that are
ap prox i mately 500 m struc tur ally lower than the Rain bow-
Baker con tact area, which hosts re place ment min er al iza -
tion in the Mos quito and Is land Moun tain mines. This sug -
gests the po ten tial for stratabound min er al iza tion in other
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parts of the lo cal stra tig ra phy. Min er al iza tion in the Bo -
nanza Ledge zone oc curs in dis crete ar eas of mas sive,
banded and veinlet py rite within a 20–100 m wide zone of
in tense seri cite–iron-mag ne sium-car bon ate–py rite al ter -
ation. High-grade min er al iza tion (5–80 g/t Au) oc curs in
ar eas lo cally more than 30 m thick com pris ing 10–70% py -
rite (Fig ure 2c) in a gangue of mus co vite, do lo mite-an ker -
ite and quartz, form ing at least two crudely shal lowly-

plung ing zones. Gold oc curs as 2.5–60 mm na tive grains on
frac tures or grain bound aries in py rite with ga lena and chal -
co py rite, or en cap su lated in py rite. Sheeted pale grey veins
and sili ci fi ca tion oc cur pe riph eral to the al ter ation zone.
Gold-bear ing zones grade lat er ally and ver ti cally into sets
of non-gold–bear ing py rite–pyrrhotite–chlorite–iron-car -
bon ate veinlets in mauve seri cite±al bite±chlorite al ter ation 
(Fig ure 2d).

Quartz Vein Min er al iza tion

At least two stages of quartz vein ing oc cur in the dis trict,
com pris ing an early, poorly min er al ized and de formed set

of veins that are cut by later Au-bear ing, late-tec tonic
quartz-car bon ate-py rite veins. The early veins are mod er -
ately north east-dip ping, vari ably de formed quartz±gold-
car bon ate±mus co vite veins that are com monly de vel oped
in all three of the prin ci pal Wells area mines (Rhys and
Ross, 2001). They are char ac ter ized by sil very to white
mus co vite as ag gre gates and net works in the quartz, as well
as blebby, coarse iron-car bon ate ag gre gates, and of ten have 
green to sil ver mus co vite al ter ation en ve lopes. They are
gen er ally low in py rite con tent, but py rite clots oc cur in
some larger veins. The veins range up to 1 m thick, are
boudinaged and folded, lat er ally dis con tin u ous along strike 
and af fected by most or all D2 strain (Fig ure 3). These veins
con tain only back ground or low (<2 g/t) Au con cen tra tions. 
In some lo ca tions, veins of this type form sev eral gen er a -
tions, which dis play a gra da tion in strain state and min er al -
ogy. Al though lack ing sig nif i cant Au and pre dat ing main-
stage quartz vein ing, they are lo cal ized along the same cor -
ri dor as the later Au-bear ing veins and also ex tend into
basal por tions of the Baker unit to the north east. These dif -
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Fig ure 2: Style of re place ment min er al iza tion in the Wells-Barkerville area: a) band of py rite re place ment min er al iza tion in the fo li ated lime -
stone of the Baker unit, 4400 level, Mos quito Creek mine; field of view 2 m; note pale pe riph eral quartz-car bon ate mar gins to the py rite and
the steeply dip ping, north east-trending quartz extensional veinlets that em a nate off the re place ment zone; b) de tail of fine-grained, banded 
py ritic re place ment min er al iza tion in blue-grey dolomitized lime stone from the Mos quito mine, 4400 level; c) typ i cal re place ment-style py -
ritic min er al iza tion from the Bo nanza Ledge zone, show ing fine-grained per va sively dis sem i nated py rite lamina and bands that al ter nate
with dolomitic (left) and tan seri cite al tered (right) ma trix; the protolith was cal car e ous siltstone (left) and mudstone (right); d) Pur ple-grey
pe riph eral seri cite al ter ation to the Bo nanza Ledge zone con tain ing ptygmatically folded py rite-pyrrhotite veinlets.



fer from the youn ger, north west-trending Au-bear ing
‘strike’ veins such as the BC vein, al though pre vi ous work -
ers have of ten in cluded them in that set. Rel a tive tim ing re -
la tion ships be tween these older de formed quartz veins and
re place ment min er al iza tion was not es tab lished in the field.

In con trast, main-stage quartz veins as so ci ated with Au
min er al iza tion are struc tur ally late and post date all D1 and
much or all D2 strain in the re gion. They have been the
source of ap prox i mately 68% of the lode-Au pro duc tion in
the Wells-Barkerville area (Hall, 1999), com pris ing al most
all of the Au pro duc tion from the Cariboo Gold Quartz
mine and a sig nif i cant amount from the other two mines.
Al though in di vid ual veins are dis cor dant to stra tig ra phy,
the vein sys tems as a whole are stratabound and gen er ally
con fined to 150–250 m of stra tig ra phy within grey pelitic to 
psam mit ic phyllite of the Rain bow unit over the en tire
>4 km length of the sys tem. The fa vour able por tions of the
Rain bow unit lie im me di ately ad ja cent to, and to the south -
west of the Rain bow-Baker con tact area where re place ment 
min er al iza tion is de vel oped, and veins fre quently ex tend
up to or into the same ho ri zons as the re place ment min er al -
iza tion (Skerl, 1948).

The Au-bear ing veins com prise east-trending, steeply dip -
ping, low dis place ment sinistral shear veins (‘di ag o nal’
veins; Fig ures 4a, b, 5b) with strike lengths of 20–150 m
and co eval, sheeted sets of north east-trending extensional
veins (‘or thogo nal’ or ‘trans verse’ veins; Fig ures 4c, 5a)
that to gether form com plex vein ar rays (Skerl, 1948;
Suther land Brown, 1957). Veins con sist of white
quartz+py rite with iron-car bon ate±mus co vite selvages and 
py ritic cores that of ten dis play a two-stage paragenesis
from early fi brous car bon ate-quartz to youn ger mas sive
quartz-py rite in vein cores (Fig ure 4d). Schee lite and fuch -
site are lo cal ac ces sory min er als, and na tive gold oc curs in
as so ci a tion with py rite and lo cally cosalite and bis muthi -
nite (Skerl, 1948). Extensional trans verse veins com monly

con tain quartz-car bon ate fibres aligned per pen dic u lar to
vein walls, con sis tent with dom i nantly or nearly pure
extensional open ing (Fig ure 4d). Ad ja cent to re place ment
min er al iza tion, the veins typ i cally cut across it, al though in
some lo ca tions extensional veins may em a nate off the mar -
gins of py rite re place ment zones (Fig ure 2a).

The di ag o nal veins are com monly dis trib uted en échelon
along the fa vour able Rain bow strati graphic ho ri zons, and
may be linked by, or ter mi nate in horse tail-like ar rays of
extensional veins. The struc tural style of veins is dom i -
nantly brit tle, but lo cal stylolitic pres sure-so lu tion seams,
sinistral shear bands and sigmoidal shapes to extensional
veins sup port lo cal semibrittle be hav iour dur ing vein
formation (Fig ure 4a, b). The most con cen trated zones of
vein ing are de vel oped mainly in the Rain bow 1 unit (grey,
fine-grained metaturbidite) where north-trending, east-
dip ping, late-D2 dextral faults cross the stra tig ra phy, de fin -
ing in di vid ual min er al ized zones of mul ti ple veins that are
named af ter the cor re spond ing faults. Al though the veins
post date most D2 strain and cut across F2 fold clo sures, they
are ki ne mat i cally con sis tent with formation in re sponse to
north east-di rected D2 short en ing, and extensional (di ag o -
nal) veins in this set are gen er ally ori ented or thogo nal to the 
L2 lineation (Fig ure 4c), sug gest ing that they formed in re -
sponse to extensional open ing par al lel to L2, col lec tively
sug gest ing a late-D2 tim ing. As so ci ated north-trending
dextral faults may also con tain vein ing and Au min er al iza -
tion (Rich ards, 1948), al though the faults have typ i cally
seen much later brit tle dis place ment that dis rupts the vein -
ing and has formed sig nif i cant clay gouge.

A third type of Au-bear ing quartz vein is the ‘strike’ or ‘A’
vein type, which are more con tin u ous, fault-hosted, north -
west-trending and steeply north east-dip ping shear veins
(Johnston and Uglow, 1926; Suther land Brown, 1957). Al -
though not com mon in the main mine trend, the best ex am -
ples of this style of vein ing oc cur to the south east of the
Cariboo Gold Quartz mine near the Bo nanza Ledge zone.
The larg est vein of this type is the BC vein, which has been
traced in out crop and drill ing for 800 m, is lo cally >30 m
thick (Fig ure 6) and is lo cal ized in a car bo na ceous phyllite
termed the BC unit, which lies ap prox i mately 500 m south -
west of the Rain bow-Baker con tact. Sev eral shal lowly
north west-plung ing py ritic ore shoots were his tor i cally
mined from the vein from un der ground work ings con -
nected to the Cariboo Gold Quartz mine. Tim ing re la tion -
ships are sim i lar to other Au-bear ing veins in the dis trict,
with a late tim ing in di cated by its pla nar na ture, and the
pres ence of brecciated wallrock frag ments within it that
con tain ro tated S1 and S2 foliations, in di cat ing that vein
formation con tin ued to late dur ing or af ter D2, since D2 fab -
rics are af fected. The BC vein, like other Au-bear ing veins
in the dis trict, is spa tially as so ci ated with older, folded re -
place ment min er al iza tion. The Bo nanza Ledge zone oc curs 
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Fig ure 3: Folded early quartz-car bon ate vein with mus co vite en -
ve lopes, Mos quito mine, 4400 level. The vein is within the lower
por tions of the Baker lime stone. Field of view is 1.2 m, and view is
south west of drift wall.



be tween, im me di ately within, and for up to 50 m into its
footwall.

Re la tion ships be tween Min er al iza tion Types and their Po -
ten tial Con trols

A block model il lus trat ing vein re la tion ships and ki ne mat -
ics of prin ci pal Au-bear ing veins in the Wells-Barkerville
area is il lus trated in Fig ure 5b. Di ag o nal, sinistral shear
veins may be con ju gate to the north-trending faults. Trans -
verse extensional veins are de vel oped at a high an gle to the
north west-plung ing L2 elon ga tion lineation and prob a bly

formed due to ex ten sion par al lel to L2. To gether, the ki ne -
mat ics, ori en ta tions and strain states of the veins and faults
sug gest that all of these struc tures formed dur ing in clined
north east-di rected short en ing, po ten tially late dur ing D2.
The com mon oc cur rence of older de formed quartz veins
along the same struc tural north west-trending cor ri dors as
the Au-bear ing veins sug gest that the Au-bear ing veins rep -
re sent the cul mi na tion of a se quence of quartz vein ing that
may have oc curred spo rad i cally dur ing re gional D2 de for -
ma tion, but un til the lat ter stages was not sig nif i cantly Au
bear ing.
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Fig ure 4: Main-stage Au-bear ing quartz vein sys tems in the Wells-Barkerville area: a) east-north east-trending quartz vein in in ter me di ate
ori en ta tion be tween di ag o nal and trans verse vein ori en ta tion contains clots of coarse, par tially ox i dized py rite, and is obliquely joined by
north-north east-trending extensional veins; an gu lar re la tion ships be tween the two vein types sug gest that the extensional veinlets formed
in re sponse to a mi nor com po nent of sinistral dis place ment on the prin ci pal vein; note that since this is a view up at the back, the ap par ent
shear sense is re versed; field of view = 2 m, Cariboo Gold Quartz mine 1200 level; b) min er al ized quartz-py rite fault-fill, east-trending di ag -
o nal vein, Mos quito Creek mine, 4400 level; the vein is ap prox i mately 0.8 m thick; dis crete slip sur faces with py ritic pres sure-so lu tion
seams dis rupt vein sur faces in ter nally and syn thetic shear bands oblique to the shear vein walls re cord an ap par ent sinistral shear sense;
note that the view is up at the back so ap par ent shear-sense in di ca tors are re versed; the grey band ing in the vein is py rite; c) sheeted north -
east-trending quartz>py rite+iron-car bon ate extensional veins on the south east side of Wil liams Creek at the Black jack pros pect near
Barkerville; view is to the north east; note the shal lowly north west-plung ing L2 lineation on the fo li a tion sur faces (dips shal lowly to left) to
which the veins are nearly or thogo nal; rusty car bon ate-py rite al ter ation af fects the phyllitic wallrocks; ham mer for scale; d) north east-
trending extensional (‘trans verse’) vein in the Cariboo Gold Quartz mine; two stages of vein fill ing are ap par ent: fi brous quartz-car bon ate
inter growths aligned at high an gles to vein walls form the first, non–Au-bear ing vein ing phase on vein mar gins, while the cen tral vein fill
com prises mas sive quartz with py rite clots; view up at the back, Cariboo Gold Quartz mine, 1200 level, Rain bow zone; the vein is 0.3 m
thick.



There has been much spec u la tion re gard ing the re la tion -
ships be tween the re place ment and vein styles of min er al -
iza tion in the Wells-Barkerville area (e.g., Ben e dict, 1945;
Rob ert and Tay lor, 1989). The re place ment min er al iza tion
is clearly strained, but in the ab sence of def i nite strain
mark ers it is un cer tain whether it is af fected by both D1 and
D2 strains, or only by the lat ter event. The oc cur rence of the
re place ment min er al iza tion in F2 fold hinges and the over -
all plunge of the min er al iza tion par al lel to those folds may
im ply syn-D2 tim ing, al though the tec tonic fo cus of ear lier
min er al iza tion into the fold hinges is also pos si ble.

The close spa tial as so ci a tion of the re place ment and later
vein min er al iza tion in a sin gle, north west-plung ing min er -
al iz ing sys tem could im ply 1) a ge netic link, rep re sent ing
dif fer ent prod ucts of a sin gle, long-lived, synmetamorphic
and syn-Ju ras sic deformational and min er al iz ing event; 2)
a two-stage min er al iz ing pro cess whereby vein-hosted
min er al iza tion was remobilized from older Au-en riched re -
place ment ores late in the struc tural his tory or 3) the re -
place ment and Au-bear ing vein ing ep i sodes rep re sent in -
de pend ent and tem po rally sep a rate min er al iz ing events
that both in tro duced Au into re spec tive ar eas but were con -
trolled by com mon struc tural and fluid chan nels that were
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Fig ure 6: Sur face ex po sure of the BC vein, a ma jor ‘strike’ vein,
look ing south east. This thick, north west-trending fault-fill vein
hosts sev eral ore shoots and lies di rectly ad ja cent to the Bo nanza
Ledge zone. Note per son for scale (right).
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Fig ure 5: Ge om e tries of Au-bear ing veins in the Wells-Barkerville area: a) equal-area pro jec tion of poles to quartz veins in the cen tral
Wells-Barkerville area Au sys tem; data are from un der ground work ings and sur face ex po sures in the Cariboo Gold Quartz and Mos quito
mines, and at the sur face along Lowhee Creek; sym bols are as fol lows: small dots, extensional veins; di a monds, di ag o nal veins; large
crosses, BC vein; note the dom i nant steep north east trends to extensional veins; data are from Rhys and Ross (2001) with ad di tional data
col lected in 2008; b) block model il lus trat ing in ter preted re la tion ships be tween the prin ci pal Au-bear ing vein sets and north-trending dextral 
>east-side-down faults in re sponse to in clined north east-di rected short en ing.



sub ject to later remobilization. Pure in situ or short-dis -
tance remobilization of Au into the later veins from re -
place ment min er al iza tion is un likely, since the quartz veins
are sig nif i cantly greater pro duc ers, and are far more geo -
graph i cally ex ten sive, both within the Wells-Barkerville
area and in other lode-Au–bear ing ar eas through out the
Barkerville terrane. In ad di tion, remobilization does not
ex plain the pref er en tial de vel op ment of the quartz veins
them selves, which rap idly di min ish in abun dance out side
the north west-plung ing zones of re place ment min er al iza -
tion. The spa tial as so ci a tion in stead im plies a com mon con -
trol on fluid flow in the min er al iz ing sys tem. Fur ther work
will at tempt to eval u ate the re la tion ship be tween these min -
er al iza tion types, but ini tial geo chron ol ogi cal re sults out -
lined be low sup port a suf fi ciently short time frame to al low
a ge netic link be tween the min er al iza tion types.

Al though the prin ci pal Au-bear ing vein sys tems in the
Wells-Barkerville area are com monly con cen trated near,
and are ki ne mat i cally com pat i ble with formation dur ing
dextral dis place ment along north-trending faults, this re la -
tion ship does not ex plain the stratabound na ture of the vein
sys tems, which in stead also sug gests a sig nif i cant el e ment
of con trol by north west-trending struc tures. North east-dip -
ping S2 fo li a tion-par al lel slip sur faces and high-strain
zones are com mon in the un der ground work ings, of ten at -
ten u at ing fold limbs, and may have been ac tive up un til late

dur ing D2. If so, as a north west-trending cor ri dor of higher
strain, these could rep re sent the prin ci pal fluid chan nels to
the Au-bear ing veins, which if still ac tive into wan ing
stages of D2 when north erly trending faults formed, then in -
ter sect ing thrust sur faces with the faults may have cre ated
struc tur ally per me able sites for fluid fo cus and vein de po si -
tion. If north east-dip ping, late-D2 thrust cor ri dors con trol
vein min er al iza tion, then this may ex plain the as so ci a tion
with ear lier re place ment min er al iza tion if it too formed ear -
lier along the same D2 high-strain cor ri dors.

Wells-Barkerville Area: Dating and Isotopic Studies

Field stud ies in the Wells-Barkerville area dur ing 2008 in -
cluded the re-ex am i na tion of key rock units and styles of
min er al iza tion in out crop and drillcore, and ex ten sive sam -
pling for 40Ar/39Ar and U-Pb zir con dat ing and sul phide Pb
iso tope stud ies. A to tal of thirteen 40Ar/39Ar ages for micas
have been de ter mined from through out the Wells-
Barkerville area, us ing sam ples pre vi ously col lected by
Rhys and Ross (2001) when un der ground work ings were
still ac ces si ble, al low ing ac cess to ar eas of his toric min ing.
New dat ing re sults are pre sented in Ta ble 1.

The better-con strained 40Ar/39Ar re sults de fine a rel a tively
nar row age range, from 138.2 to 155.2 Ma, for sam ples of
coun try rock schist, micaceous al ter ation zones around
known Au de pos its and mica sam ples in and ad ja cent to
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Table 1. Summary of new 40Ar/39Ar dating results from Wells-Barkerville area.



both early (de formed) and late quartz veins.
Mus co vite in hostrock schist and as so ci ated
with early, de formed quartz veins tend to give
slightly older ages (>146.6 Ma), whereas mus -
co vite from within re place ment style and
extensional-vein style Au ore gives largely
over lap ping ages in the range of 138.5–
147.6 Ma. The Wells-Barkerville area has
only ex pe ri enced meta mor phism up to lower-
greenschist fa cies (sub-bi o tite isograd) and
peak meta mor phic tem per a tures (and growth
or recrystallization of mus co vite) were as so ci -
ated with the ear lier stages of de for ma tion (D1

and D2; Struik, 1988; Schiarizza and Ferri,
2003; Ferri and Schiarizza, 2006). Peak tem -
per a tures of meta mor phism in the area, there -
fore, did not ex ceed 400–430ºC and may have
been some what lower. Since the clo sure tem -
per a ture of the Ar iso to pic sys tem in mus co -
vite is ~350ºC, it is sug gested that the 40Ar/39Ar
mus co vite ages listed above are prob a bly
close to the age of for ma tion and do not re flect
slow cool ing of the Barkerville terrane as a
whole. If cor rect, this would sug gest that the
last sig nif i cant meta mor phic event that af fected the re gion
as so ci ated with the D2 event oc curred in Late Ju ras sic to
ear li est Cre ta ceous time, and most or all of the Au min er al -
iza tion in the Wells-Barkerville area formed at ap prox i -
mately the same time or very slightly later. Such tim ing is
fea si ble, given the field re la tion ships de scribed above.
Four ad di tional mus co vite sam ples from oc cur rences
within the Wells-Barkerville area are cur rently be ing dated
us ing 40Ar/39Ar meth ods, along with bi o tite from a late lam -
pro phyre dike.

An drew et al. (1983) re ported Pb iso to pic anal y ses for ga -
lena from four Au-bear ing quartz veins and one re place -
ment-style sul phide oc cur rence in the Wells-Barkerville
area and ar eas far ther to the south. An ad di tional three ga -
lena and six py rite sam ples from veins and two py rite sam -
ples from re place ment-style min er al iza tion have been an a -
lyzed from the Wells-Barkerville area (mainly Mos quito
Creek and Bo nanza Ledge zones). The com bined datasets
are shown in Fig ure 7, along with the ‘shale curve’ of
Godwin and Sinclair (1982) for ref er ence.

All of the sul phide Pb iso to pic anal y ses for the Wells-
Barkerville area and vi cin ity fall on or above the ‘shale
curve’, which is an ap prox i ma tion of the evo lu tion of Pb
iso topes within both the North Amer i can miogeocline in
the north ern Cor dil lera and the pericratonic ter ranes that lie
im me di ately to the west (in clud ing the Barkerville terrane). 
This in di cates that the Pb and pre sum ably all other con -
tained met als in the de pos its and oc cur rences in the Wells-
Barkerville area are en tirely of crustal der i va tion, and could 
po ten tially have been de rived from lo cal bed rock units. In

ad di tion, anal y ses of sul phide min er als from re place ment-
style min er al iza tion com pletely over lap with those from
cross cut ting quartz veins, sug gest ing that the met als in
these two dis tinct styles of min er al iza tion had very sim i lar
sources and the veins and re place ments are very sim i lar in
age (as also sug gested by the 40Ar/39Ar dat ing re sults dis -
cussed above). A to tal of 23 ad di tional sul phide sam ples,
rep re sen ta tive of the com plete range of styles and geo -
graphic lo ca tion of Au oc cur rences within the Wells-
Barkerville area and vi cin ity, are cur rently be ing an a lyzed.

Cunningham Creek Area

South east of the Wells-Barkerville area, vein show ings ex -
tend dis con tin u ously over a 40 km strike length to Cariboo
Lake, and are as so ci ated with sig nif i cant placer-Au–pro -
duc ing drainages such as Cunningham, Keithley, Ant ler
and Grouse creeks (Schiarizza, 2004). These col lec tively
de fine the south ern por tion of the east ern min er al iz ing
trend in the Barkerville terrane il lus trated in Fig ure 1. This
area, and the Yanks Peak area to the west, were both vis ited
dur ing the field work pro gram to as sess min er al iza tion con -
trols and col lect geo chron ol ogi cal and iso to pic sam ples.
Ini tial ob ser va tions from the Cunningham Creek work are
sum ma rized here for com par a tive pur poses to the nearby
Wells-Barkerville area. Geo chron ol ogi cal and iso to pic
anal y ses are un der way.

Gold pros pects along Cunningham Creek (Fig ure 1) in -
clude the Craze Creek, Hibernian, B zone, Jew elry Shop,
Sil ver Vein and Cariboo Hud son (093A  071) pros pects.
Within these ar eas, lode-Au min er al iza tion oc curs mainly
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Fig ure 7. Sul phide Pb iso to pic com po si tions from re place ment- and vein-style Au
min er al iza tion in the Wells-Barkerville area. The ‘shale curve’ of Godwin and
Sinclair (1982) is shown for ref er ence.



in sets of struc tur ally late quartz-sul phide veins of com pa -
ra ble style to those at the Wells-Barkerville area, al though
the con trols by north-trending faults are more ap par ent, and 
veins more fre quently dis play a semibrittle style. The
hostrock type is a north west-trending grey phyllite of the
Downey suc ces sion (Schiarizza and Ferri, 2003).

In the vi cin ity of Craze Creek, three pros pects (Hibernian,
Jew elry Shop and the B zone) com prise at least three north-
trending, min er al ized fault zones in which fring ing ar rays
of Au-bear ing quartz-sul phide veins are de vel oped. The
faults com prise nar row, semibrittle shear zones that trend
north with steep dips, and cut across the north west-
trending, mod er ately north east-dip ping phyllite se quence.
Pri mary compositional lay er ing, dom i nant foliations (S1

and S2) and de formed quartz veins lo cally de flect into par -
al lel ism with more north erly trends as they ap proach the
shear zone slip sur faces (Fig ure 8a), which with off set
lithological con tacts and syn thetic shear bands re cord dom -
i nantly dextral dis place ment on the fault-slip sur faces.
Gold-bear ing quartz veins, of ten with coarse-grained py -
rite-ar seno py rite and mi nor ga lena and sphalerite fill are
abun dant within sev eral metres of, and be tween closely
spaced slip sur faces (Termuende, 1990). The larger veins,
which are up to 1 m thick, trend north west, ex ploit ing S1 fo -
li a tion sur faces, but rap idly thin within a few metres of the
shear-zone slip sur faces. Extensional veins and veinlets ro -
tate from east-west to west-north west trends as they ap -
proach slip sur faces, de fin ing sigmoidal ge om e tries both
con sis tent with the shear sense, and with vein formation si -
mul ta neous with dextral dis place ment on the shear zones.
Mi nor sigmoidal dextral extensional vein ar rays are pres ent 
ad ja cent to the shear zones, re cord ing sim i lar ki ne mat ics
(Fig ure 8b).

To the south of the Craze Creek pros pects, pros pects in -
clud ing Skarn (Sil ver mine), Penny Creek and Cariboo
Hud son com prise north erly to north-north west erly
trending, dis cor dant and steeply dip ping fault-fill veins
(Delancey, 1988; Termuende, 1990). De flec tions of rock
units and foliations, as well as off sets of lithological con -
tacts by a few metres to tens of metres, re cord dextral dis -
place ment across the veins, con sis tent in shear sense to the
shear zones at Craze Creek. These veins con tain abun dant
ga lena, sphalerite, py rite, tetrahedrite and ar seno py rite,
which may be banded par al lel to vein walls (Fig ure 8c). The 
veins are much more Ag-rich than those in the Craze Creek
area to the north west. Col lec tively, these de fine a cor ri dor
of min er al ized faults and veins that is ap prox i mately 600 m
wide along the east side of Cunningham Creek.
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Fig ure 8: Vein sys tems in the Cunningham Creek area: a) plan view of north-
trending, quartz-vein–filled shear-zone slip sur face (at cen tre, runs from left to 
right) that trun cates the ad ja cent grey py rite-ar seno py rite-quartz veins at the
Jew elry Box show ing; the veins em a nate off the slip sur face and are par al lel to
north west-trending S1 fo li a tion; note de flec tion of the de formed quartz veins
and S1 fo li a tion into the shear plane at the cen tre, com pat i ble with dextral dis -
place ment along the struc ture; ham mer for scale; b) north east-trending
sigmoidal en échelon ar ray of extensional veins ad ja cent to the Jew elry Box
shear zone re cords dextral shear; ham mer for scale; c) view north ward of the
Sil ver Vein oc cur rence; this is a north-trending, steeply east-dip ping banded
shear vein that is fault hosted and con tains quartz, py rite, ga lena and
tetrahedrite; de flec tion of S1 fo li a tion and jux ta po si tion of quartz ite (right)
against car bo na ceous phyllite (left) across the fault and vein sug gest dextral
dis place ment; per son for scale.



The Cunningham Creek area veins dis play sim i lar tim ing
re la tion ships to re gional fab rics such as main-stage, Au-
bear ing quartz veins in the Wells-Barkerville area. The
veins post date all D1 and most or all D2 strain, and are as so -
ci ated with north erly trending dextral faults. The style of
as so ci ated shear zones at Craze Creek is more semibrittle in 
char ac ter than is gen er ally seen in the Wells-Barkerville
area or other ar eas, po ten tially sug gest ing slightly higher
tem per a tures or lower strain rates dur ing vein formation.
The veins are also ki ne mat i cally con sis tent with formation
in re sponse to north east-di rected short en ing, po ten tially
late dur ing D2. As in the Wells-Barkerville area, de spite be -
ing hosted by dis cor dant north erly trending fault and shear
zones, min er al iza tion is gen er ally stratabound and is lo cal -
ized prin ci pally in the north west-trending pack age of the
Downey phyllite within sev eral hun dred metres of the con -
tact with black siltite and phyllite of the Hardscrabble suc -
ces sion (Schiarizza and Ferri, 2003).

Geological Setting and Au Mineralization in
Quesnellia Metasedimentary Units

Two sig nif i cant Au de pos its have been dis cov ered within
lower-greenschist–grade metasedimentary and meta vol -
can ic units in the lower part of Quesnellia: these are the
Span ish Moun tain (CPW) de posit, which 
is held by Skygold Ven tures Ltd., and the
Frasergold de posit, which is cur rently be -
ing eval u ated by Haw thorne Gold Corp.
(Fig ure 1).

Spanish Mountain (093A  043)

The Span ish Moun tain de posit oc curs
within the black phyllite pack age of the
Quesnel terrane, ap prox i mately 3 km east 
of its prob a ble thrust con tact with over ly -
ing mafic vol ca nic rocks of the Nicola
Group to the south west (Span ish thrust,
Fig ure 1; Lo gan, 2008). The de posit is
hosted by interbedded slaty to phyllitic,
dark grey to black siltstone, car bo na -
ceous mudstone, greywacke and mi nor
con glom er ate that are lo cally in truded by
plagioclase±quartz–phyric dikes and
sills.

Rocks in the vi cin ity of the Span ish
Moun tain de posit are folded, but gen er -
ally trend north west with over all north -
east  e r ly  d ips .  Graded  bed  d ing  in
drillholes ob served sug gests that the se -
quence is in an over turned, megascopic
F1 fold limb (Singh, 2008). Pre vi ous
work by Skygold Ven tures (Singh, 2008)
and sur face map ping and drillcore re view 
con ducted dur ing this study have es tab -

lished that the stra tig ra phy in the de posit area com prises
two main lithological pack ages:
· An ex ten sive lower pack age of siltstone and fine-

grained greywacke that un der lies south west ern por tions 
of the ridge crest of Span ish Moun tain south west of the
main zones of the de posit and forms the struc tur ally
low est, but stratigraphically high est part of the im me di -
ate lithological se quence of the de posit.

· A se quence of car bo na ceous phyllite and interbedded
siltstone that struc tur ally over lays the siltstone-
greywacke se quence to the north east and con tains two
prom i nent marker units: a fine-grained, pale-grey
greywacke unit (typ i cally 40–100 m thick) that con tains
a heterolithic and mud-chip con glom er ate marker (<1–
10 m thick) at its base, and a siltstone unit (70–130 m in
thick ness) that is of ten si lici fied and car bon ate-seri cite–
al tered, and con tains al tered, thin sills of prob a ble mafic
protolith. This se quence of dom i nantly car bo na ceous
phyllite is the prin ci pal host to min er al iza tion at the de -
posit. It has been fur ther sub di vided into three units
based on their strati graphic po si tion with re spect to the
mark ers termed from struc tur ally low est (in the south -
west) to high est (in the north east): the Lower, Main zone 
and North zone argillites (Singh, 2008). Vol u met ri cally
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Fig ure 9: View to the south west of a drill cut-out in lower por tions of the car bo na ceous
phyllite se quence on Span ish Moun tain. The photo il lus trates two con cor dant, de -
formed and S1-par al lel por phy ritic sills (in pink in the sche matic di a gram) that are cut by
north west-trending, steeply north west-dip ping quartz extensional veins (shown in red).
These in tru sions have yielded U-Pb zir con ages of 185.6 ±1.5 to 187 ±0.8 Ma.



mi nor amounts of interlayered mafic tuff and amyg da -
loid al ba salt also oc cur within the se quence out side of
the im me di ate de posit area (Singh, 2008).

The Span ish Moun tain se quence is also char ac ter ized by
the pres ence of plagioclase±quartz±hornblende sills and
lo cally dikes, which com monly oc cur in the Lower argillite
at the struc tural base of the car bo na ceous phyllite se quence
(Fig ure 9). They are also pres ent in the siltstone-greywacke 
se quence to the south west on the top of the ridge. The sills
range in thick ness from a few tens of centi metres to lo cally
up to 100 m thick, the lat ter in one len tic u lar sill at the con -
tact be tween the car bo na ceous phyllite and un der ly ing
siltstone and greywacke se quences south west of the de -
posit. These sills are af fected by all phases of fold ing, al ter -
ation and quartz-vein min er al iza tion (Fig ure 9). Lo cally ir -
reg u lar out lines to the con tacts of these sills and brecciation 
on their finer-grained mar gins that may rep re sent peperitic
tex tures sug gest that they may have been in truded into un -
con sol i dated sed i ments. Vari able pro por tions of quartz,
feld spar and por phy ritic tex tures sug gest a suite of dif fer ent 
in tru sions. Prob a ble mafic sills that are pres ent within the
al tered siltstone marker unit are gen er ally nar row and may
be lat er ally dis con tin u ous, lo cally be com ing dis cor dant to
S0.

Al ter ation

Wide spread al ter ation af fects rock types on Span ish Moun -
tain. The most ex ten sive al ter ation con sists of iron-mag ne -
sium-car bon ate+mus co vite (seri cite)±py rite with ac ces -
sory rutile that var ies in style be tween dif fer ent rock types.
Two gen er  a t ions  of  car  bon ate  oc  cur  as  dis  cre te
porphyroblasts in the finer-grained car bo na ceous phyllite
and silty units; an early phase with rounded porphyroblasts
up to 0.8 cm in di am e ter, which is wrapped by the dom i nant
fo li a tion, dis play ing a ‘knot ted’ tex ture and a youn ger
phase of rhombic porphyroblasts that over grows at least the 
S1 fo li a tion. In the greywacke and the feld spar-por phyry
sills, car bon ate-seri cite al ter ation is finer grained, more
per va sive and com monly tex tur ally de struc tive, which in
some cases hin ders dis tinc tion be tween the two rock types.
The al ter ation does not af fect car bo na ceous ma te rial in the
car bo na ceous phyllite, which re mains dark in col our. Al -
tered greywacke and feld spar-phyric in tru sions are pale tan
to nearly white. Lo cally, in the greywacke marker of the up -
per se quence and in quartz-bear ing in tru sive phases, fuch -
site oc curs as man tles around iso lated, prob a ble xeno crysts
of chro mite and small an gu lar mafic or ultra mafic xe no -
liths. The most in tense al ter ation af fects the siltstone
marker that lies be tween the Main and Up per argillite units
in the up per car bo na ceous phyllite se quence, and the struc -
tur ally lower por tions of the greywacke marker unit. The
siltstone marker pack age is in tensely car bon ate-seri cite–al -
tered, bleached and si lici fied, and tex tural ev i dence sug -
gests that siltstone may have been hornfelsed (quartz-bi o -

tite al tered), pos si bly re lated to the in tru sion of mafic sills,
prior to the bleach ing, which is re lated to the car bon ate-
mus co vite al ter ation. In this unit, bright green chrome mica
(fuch site), intergrown with in tense car bon ate al ter ation as -
sem blages, re places the mafic sills that cut the si lici fied
siltstone pack age. Per va sive al ter ation of the types de -
scribed above pre date at least S2 fo li a tion, since mus co vite
is aligned within fo li a tion planes, fuch site may oc cur as S2-
par al lel stylolitic pres sure-so lu tion seams, and car bon ate
porphyroblasts are of ten wrapped by dom i nant fo li a tion.

Struc tural His tory

The se quence of de for ma tion in the Span ish Moun tain area
is con sis tent with the gen eral phase 1–phase 2 events de -
fined by Bloodgood (1992) and Panteleyev et al. (1996) for
the re gion, al though lo cal dif fer ences in fold ge om e try and
an ad di tional fold ing event that dif fer from these pre vi ous
in ter pre ta tions are also ev i dent. First-phase (S1) fo li a tion is
gen er ally layer par al lel and pen e tra tive. Iso cli nal F1 fold
hinges were lo cally ob served in the greywacke marker unit, 
where they are likely intrafolial and may re sult in lo cal tec -
tonic thick en ing of some units. Pres ence of dom i nantly
over turned bed ding fac ing di rec tions in drillholes in the de -
posit area sug gest that the host ing lithological se quence is
in verted (Singh, 2008). This im plies that the de posit may
lie on the over turned limb of an F1 fold nappe, a ge om e try
that has not been pre vi ously doc u mented in this part of the
Quesnel terrane.

Sec ond-phase fo li a tion de vel op ment at Span ish Moun tain
com prises mod er ate to shal low south west-dip ping spaced
fo li a tion that is ax ial pla nar to the folds, crenulates and lo -
cally trans poses S1, and is ax ial pla nar to dom i nant, north -
east erly verg ing phase 2 folds. Fold axes plunge shal lowly
south east. Map pat terns and cross-sec tional in ter pre ta tion
sug gest that a megascopic, re cum bent phase 2 fold hinge
with a broad hinge zone lies in the north east por tions of the
de posit area, sep a rat ing the se quence into mod er ately
north east dip ping and subvertical limbs to the south west
and north east, re spec tively, on the north ern flanks of Span -
ish Moun tain in the vi cin ity of the North zone. At a prop erty 
scale, phase 2 fold hinges may be noncylindrical and vary
in plunge di rec tion (B. Singh, pers. comm., 2008), po ten -
tially due to in ter ac tion with pre vi ous phases of fold ing.

A sig nif i cant ob ser va tion from the cur rent study is that an
ad di tional phase of fold ing is ev i dent in the Span ish Moun -
tain area be tween the re gional phase 1 and phase 2 events of 
Panteleyev et al. (1996). These open to tight folds af fect S1

fo li a tion but are obliquely crossed and over printed by the
spaced, sec ond-phase fo li a tion. Folds of this type plunge
mod er ately to the south east, and have steeply dip ping ax ial
planes; ax ial-pla nar cleav age is weakly de vel oped or ab -
sent. These folds are best de vel oped and wide spread in the
siltstone-sand stone unit south west of the main de posit area, 
but also oc cur lo cally in the higher car bo na ceous phyllite

Geoscience BC Re port 2009-1 61



se quence where they were ob served to af fect por tions of the 
si lici fied siltstone unit. For the pur poses of this pa per, they
are coded F2a folds, whereas the folds and fo li a tion as so ci -
ated with the wide spread sec ond-phase fo li a tion are coded
F2b and S2, re spec tively, for con sis tency with the de fined re -
gional no men cla ture. The megascopic phase 2 fold (F2b)
men tioned above is likely ac cen tu ated by, and may tighten
ear lier folds as so ci ated with this ad di tional F2a event. The
pres ence of these folds sug gests that the re gional struc tural
his tory may be more com plex than has been pre vi ously de -

ter mined, al though tele scop ing of sub se quent events may
ob scure such pat terns.

As in other parts of the dis trict, lat est prom i nent struc tural
fea tures in the Span ish Moun tain area com prise north- to
north east-trending brit tle faults. Faults mea sured dur ing
this study most fre quently have mod er ate to steep west-
north west dips and north-north east trends. Sig nif i cant
north west-trending faults were also ob served lo cally. The
faults are typ i cally de fined by zones of clay gouge, which
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Fig ure 10: Early py rite-quartz veinlets and dis sem i nated py rite in car bo na ceous phyllite, Span ish Moun tain de posit: a) folded quartz-py rite
veinlets; note fine- to me dium-grained habit of py rite and euhedral na ture of the py rite grains in the lower sam ple; (top) DDH515, 102.9 m;
(bot tom) DDH697, 155.5 m; both of these sam ples con tained <1 g/t Au; b) (top) py rite-quartz string ers at high an gle to S0 in thinly lam i nated
phyllite are af fected by in cip i ent ptygmatic fold ing; py rite is euhedral; DDH259, 57.0 m, from in ter val grad ing 2.22 g/t Au; (bot tom) dis sem i -
nated py rite±quartz ag gre gates in tec toni cally dis rupted car bo na ceous mudstone; DDH289, 21.0 m, 3.13 g/t Au; c) scan ning elec tron mi -
cro scope (SEM) back scat ter im age of euhedral py rite ag gre gate from sam ple in b) (bot tom); note mica trails in side the py rite that de fines S1

fo li a tion, in di cat ing py rite for ma tion af ter D1; a grain of electrum (yel low ar row) oc curs on a frac ture be tween py rite grains, while chal co py rite 
(red ar row) and sphalerite (blue ar row) are en cap su lated in the py rite; ‘um’ = mi crons; d) photomicrography il lus trat ing a quartz pres sure
shadow on a euhedral py rite grain (opaque, at left); fibres in the pres sure shadow are aligned par al lel to the S2 fo li a tion de fined by seri cite in
the sur round ing phyllite; note folded quartz veinlet at right; DDH252, 116.7 m, in an in ter val grad ing 3.46 g/t Au; plane-po lar ized light, field of 
view 3 mm.



com monly in clude cataclastically de formed quartz-vein
ma te rial. These, how ever, may in part be lo cal ized along
ear lier, prob a bly more semibrittle shear zones since it was
noted, par tic u larly in drillcore, that fo li ated chloritic or
more in tensely fo li ated shear zones and fo li ated cataclasite
were com monly pres ent, and lo cal ized some quartz vein -
ing. Fault thick ness is highly vari able, with thicker faults
con tain ing up to sev eral metres of gouge and broad dam age
zones. Car bo na ceous ma te rial has in some cases been
remobilized along frac tures and veinlets into car bon-poor
greywacke and in tru sions, lo cally form ing black crackle
brec cia ad ja cent to faults and larger as so ci ated quartz
veins.

Gold Min er al iza tion

The Span ish Moun tain de posit is a bulk ton nage Au sys tem
that also in cludes lo cal higher-grade Au-bear ing quartz
veins. The most eco nom i cally sig nif i cant Au min er al iza -
tion (>1 g/t Au) oc curs in wide zones (10–135 m) hosted
dom i nantly within the black argillite and siltstone, and to a
lesser ex tent in greywacke, of ten strad dling the con tact
(Singh, 2008). These zones may oc cur as a set of stacked,
roughly lensoidal zones, which at a lo cal scale are
stratabound and spread most widely along car bo na ceous
phyllite (‘argillite’) units, but at a de posit scale are stacked
and linked, de fin ing an over all north erly elon gate min er al -
iz ing sys tem that is de vel oped dis cor dantly across sev eral
strati graphic ho ri zons. The larg est zone iden ti fied to date is
the ‘Main zone’, which has been traced by drill ing over a
strike length of ap prox i mately 1.3 km and width of 500 m
(Singh, 2008). The ‘Lower zone’ oc curs be neath the Main
zone, in the struc tur ally lower, car bo na ceous argillite unit

of the same name. The smaller, less well-de fined North
zone oc curs in the struc tur ally high est car bo na ceous unit
(Singh, 2008).

Within these min er al ized zones, there are at least two pe ri -
ods of min er al iza tion: an ear lier phase of dis sem i nated py -
rite and py rite-quartz veinlets, and a later phase of fault-re -
lated quartz vein ing. The early py rite min er al iza tion
com prises string ers and up to 2 cm wide veinlets of py -
rite+quartz+iron-mag ne sium-car bon ate and spa tially as so -
ci ated dis sem i nated py rite that are pref er en tially de vel oped 
within car bo na ceous phyllite in min er al ized zones (Fig -
ure 10a, b). The dis sem i nated py rite of ten oc curs in ag gre -
gates with quartz. Py rite in both the veinlets and dis sem i na -
tions var ies from fine to me dium grained and is of ten
euhedral. Car bo na ceous phyllite may be tec toni cally dis -
rupted, with de struc tion of S1 fo li a tion and in cip i ent
cataclastic brecciation in ar eas of py rite de vel op ment (Fig -
ure 10b), and veinlets and py rite may oc cur on or ad ja cent
to slip sur faces that de fine nar row shear zones, sug gest ing
po ten tial con trol by fault ing, pos si bly thrust faults, along
the car bo na ceous (gra phitic) argillite units. Py rite-quartz
veinlets are of ten ptygmatically folded and are af fected by
at least D2 strain (Fig ure 10a). The euhedral dis sem i nated
py rite grains and ag gre gates over grow S1 fo li a tion and
early folds, which may be pre served as micaceous trails
within the grains (Fig ure 10c), but in turn are wrapped by S2

fo li a tion and have fi brous quartz pres sure shad ows aligned
par al lel to S2 sur faces (Fig ure 10d), col lec tively sug gest ing
that they formed late dur ing or af ter D1, and prior to most
D2b strain. Electrum and na tive gold have been ob served as

<5–20 mm grains en cap su lated in and along frac tures in this 
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Fig ure 11: Equal-area pro jec tions of poles to ori en ta tions of quartz veins in the Span ish Moun tain de posit. All data were col lected by the au -
thors in 2008: a) quartz veins <5 cm thick; these are dom i nantly extensional veins; steep north west dips pre dom i nate, but veins also range
to more north erly and north west erly trends with west to south west dips; b) quartz veins >5 cm thick, in clud ing fault-hosted and shear veins;
note the dom i nant north erly trends and steep west erly dips, which in clude sev eral sig nif i cant faults con tain ing cataclastically de formed vein
ma te rial; large dots rep re sent rib boned shear veins, mainly from the North zone.



64 Geoscience BC Sum mary of Ac tiv i ties 2008

Fig ure 12: Span ish Moun tain Au-bear ing quartz veins: a) sheeted north west-dip ping quartz extensional veins hosted by car bo na ceous
phyllite in the North zone sur face ex po sures, view south west, per son for scale; b) sheeted north west-dip ping quartz extensional veins
hosted by car bo na ceous phyllite in the Main zone sur face ex po sures, view south west, per son for scale; c) extensional vein in sill hosted by
the south ern siltstone se quence shows paragenesis from early fi brous quartz-car bon ate on mar gins, to more mas sive quartz-py rite in core, 
pen cil for scale; d) M1 pit, quartz extensional vein (be low) with py rite en ve lope (cen tre) in car bo na ceous phyllite, quar ter for scale; e)
brecciated, fri a ble rusty quartz vein in north erly trending, west-dip ping fault; view south, Main zone ex po sures; core is ap prox i mately 5 cm
wide; f) high-grade (23.9 g/t Au) rib boned quartz shear vein with py rite clots (above) and car bo na ceous-py ritic black slip sur faces and brec -
cia bands (be low) in a fault zone; hole 269, 157.7 m; ham mer for scale.



style of py rite and free in the quartz car bon ate within the
veinlets (Ross, 2006), in di cat ing that this early py rite-
quartz ep i sode in tro duced Au into the sys tem, where it may
con tain a sig nif i cant amount of low-grade min er al iza tion in 
the de posit (Singh, 2008). Al though it is pos si ble that some
of  the euhedral  py r i te  could  have  formed f rom
recrystallization or remobilization of an ear lier, po ten tially
Au-bear ing diagenetic or synsedimentary py rite phase (that 
has lo cally been iden ti fied at Span ish Moun tain; R. Large,
pers. comm., 2007), the com mon as so ci a tion of the
euhedral py rite with quartz veinlets, oc cur rence of py ritic
zones as mul ti ple stacked zones that oc cur across dif fer ent
strati graphic ho ri zons, lat eral de creases in py rite abun -
dance in strati graphic units away from min er al ized zones,
and lo cal cataclastic brecciation of car bo na ceous phyllite
in py ritic ar eas sug gests that the py rite is dom i nantly hy dro -
ther mally and tec toni cally con trolled. Al though this style
of min er al iza tion is clearly au rif er ous in many ar eas, no di -
rect cor re la tion be tween Au grade and py rite con tent has
been es tab lished (Singh, 2008).

The sec ond min er al iz ing event at Span ish Moun tain is as -
so ci ated with tec toni cally late quartz veins and faults that
share sim i lar i ties with the dom i nant, late vein-re lated Au
min er al iza tion ep i sode in the Barkerville terrane. They cut
the folded, early quartz-py rite veins de scribed above and
are most of ten man i fested by sets of sheeted, north east-
trending and steeply north west-dip ping (Fig ures 11a, 12a,
b) quartz±iron-car bon ate extensional veins <5 cm thick
that may con tain mi nor py rite, ga lena, sphalerite and
tetrahedrite. In sur face ex po sures, base met als were noted
most abun dantly in veins within the North zone. Sheeted
extensional veins are typ i cally spaced from a metre to sev -
eral metres apart in min er al ized car bo na ceous phyllite
(Fig ure 12a, b). Vein den si ties are of ten much higher in
sand stone and in feld spar- or quartz-phyric sills. While
usu ally hav ing blocky quartz fill, pris matic quartz and fi -
brous quartz-car bon ate aligned at high an gles to vein walls
are also of ten pres ent, con sis tent with an extensional or i -
gin. A paragenesis of early quartz-car bon ate on vein mar -
gins and cen tral blocky quartz vein fill is lo cally ap par ent,
and sim i lar to vein paragenesis ob served in the Wells-
Barkerville area (Fig ures 4b, 12c). Lo cally, more than one
gen er a tion of vein ing is de vel oped, with suc ces sive gen er -
a tions be com ing less car bon ate rich and more quartz rich,
con sis tent with the paragenesis de scribed above (B. Singh,
pers. comm., 2008). The extensional veins may have dis -
sem i nated py rite en ve lopes that ex tend for sev eral centi -
metres into the sur round ing wallrock (Fig ure 12d).

In drillcore, ar eas of high est Au grade and most oc cur -
rences of vis i ble Au were as so ci ated with quartz veins.
Gold grades typ i cally in crease in ar eas of quartz vein ing,
par tic u larly in as so ci a tion with min er al ized faults (see be -
low), al though a di rect as so ci a tion be tween quartz vein
den sity and grade has not been es tab lished (Singh, 2008). It

was noted, how ever, that quartz-vein dis tri bu tion in out -
crop mim ics that of the dis tri bu tion of min er al ized zones.
To the south in the lower siltstone pack age, Au pros pects
(e.g., Ropes of Gold) oc cur prin ci pally in folded
plagioclase-phyric sills where they are cut by sets of quartz
extensional veins, which of ten have py rite en ve lopes.

Extensional veins are also as so ci ated with shear veins and
fault-hosted veins. North-north east-trending, west-north -
west-dip ping (Fig ure 11b) clay gouge-filled faults, com -
monly con tain ing un con sol i dated, cataclastically de -
formed vein ma te rial (Fig ure 12e), are pres ent within many
out crop ex po sures, and are of ten in ter sected in drillcore in
min er al ized zones. These may be sur rounded by more con -
cen trated sets of extensional veins, which were in sev eral
cases noted to join the fault-hosted veins sug gest ing a co -
eval tim ing. Sev eral fault-hosted shear veins up to 2 m thick 
were also noted in core and out crop, com pris ing rib boned
quartz-py rite veins with car bo na ceous or py ritic stylolitic
slip sur faces and band ing (Fig ure 12f), and which have
been vari ably brecciated by later, postmineralization brit tle
dis place ment. These lo cally con tain high Au grades.

Since sig nif i cant postmineralization fault ing has oc curred
along the faults host ing vein min er al iza tion and has
brecciated the quartz and ob scured any pri mary ki ne matic
in di ca tors that may have been pres ent, it is not pos si ble to
de ter mine the syn-vein ki ne mat ics of faults. How ever, the
as so ci a tion of steeply dip ping, north east-trending quartz
extensional veins with the faults, and junc tion of some
extensional veins with fault-fill veins, are geo met ri cally
com pat i ble with the vein ori en ta tions in most por tions of
the Barkerville terrane, sug gest ing syn-vein dextral
oblique slip (north west side down) fault ing in re sponse to
north east-di rected short en ing. The struc tur ally late tim ing
of extensional veins at Span ish Moun tain, which cut across
all fab rics and folds with out de flec tion, and the oc cur rence
of extensional vein ing at high an gles to the shal low south -
east-plung ing L2 in ter sec tion lineation are also com pat i ble
with a late D2 tim ing of vein for ma tion.

Dis cus sion

The pro posed two-stage his tory of Au min er al iza tion at the
Span ish Moun tain prop erty may be anal o gous to the min er -
al iz ing his tory in the Wells-Barkerville area. As with that
area, the later vein min er al iza tion is spa tially co in ci dent
with ear lier forms of more de formed sul phide-bear ing min -
er al iza tion. It is un clear what the rel a tive pro por tions of Au
the early py rite and later fault-re lated quartz-vein ing events 
each con trib ute at Span ish Moun tain, but the later quartz-
vein–as so ci ated min er al iza tion is more wide spread and of -
ten higher grade than the early py ritic min er al iza tion. To
ex plain the co in ci dence of the two forms of min er al iza tion,
sim ple remobilization of early min er al iza tion dur ing later
events into the later quartz veins is con sid ered un likely
here, as this pro cess does not ex plain why vein quartz den -
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si ties are high est in the min er al ized zones. As with the
Wells-Barkerville area, if remobilization was the main
mech a nism by which Au was lo cal ized into the later veins,
the later veins them selves would be ex pected to be de vel -
oped re gion ally, and not co in ci den tally fo cused in the older
ar eas of min er al iza tion. The oc cur rence of both the early
min er al iza tion and quartz vein ing in a se ries of stacked
zones that col lec tively cross strati graphic bound aries in a
crudely north erly elon gate zone with ev i dence for
cataclasis and fault ing as so ci ated with both the early and
later min er al iz ing ep i sodes sug gest that the Span ish Moun -
tain de posit may be de vel oped in a zone of lon ger-lived tec -
tonic ac tiv ity. Wide spread early al ter ation of the Span ish
Moun tain se quence near min er al ized zones in the form of
car bon ate porphyroblast de vel op ment, seri cite-car bon ate
al ter ation of feldspathic rock types, and fuch site-car bon ate
al ter ation of mafic sills in the si lici fied siltstone marker
may be co in ci dent with the ear lier py rite-quartz event, as
these styles of al ter ation are af fected by D2b fab ric. Early,
lo cal sili ci fi ca tion of the siltstone marker, po ten tially as so -
ci ated with the mafic sills, may have also aided in fluid fo -
cus and vein de vel op ment dur ing the later quartz-vein ing
events, by form ing an im per me ably and rheologically com -
pe tent but tress to fluid flow.

On go ing Dat ing, Petrographic and Iso to pic Stud ies at
Span ish Moun tain

Dur ing the field work at Span ish Moun tain, an ex ten sive
suite of sam ples for 40Ar/39Ar mica and U-Pb zir con dat ing,
as well as for de tailed petrographic, lithogeochemical and
Pb iso to pic stud ies were col lected, and anal y ses are cur -
rently un der way. A lithogeochemical study of the in tru sive
rocks is also cur rently in prog ress.

Zir con grains have been sep a rated from four sep a rate in tru -
sive bod ies that in trude the con tact area be tween the lower
siltstone and up per car bo na ceous phyllite se quence at
Span ish Moun tain. These have re cently been dated at the
Uni ver sity of Brit ish Co lum bia (UBC) us ing la ser ab la tion
in duc tively cou pled plasma–mass spec trom e try (ICP-MS)
U-Pb meth ods. The four sam ples give sim i lar ages of 185.6
±1.5 Ma to 187.3 ±0.8 Ma. These in tru sions have been af -
fected by D1 de for ma tion and later events, hav ing been
boudinaged and wrapped by S1 fo li a tion. Con se quently,
these ages place a max i mum age on both the D1 de for ma -
tion that has af fected the phyllite in this area and the Au
min er al iza tion and as so ci ated al ter ation. These in tru sions
may be re lated to the suite of Ju ras sic-aged in tru sions (unit
7 of Panteleyev et. al., 1996), which are mapped as iso lated
stocks in the same sed i men tary pack age of rocks to the
south of Quesnel and Horse fly lakes, and to the west where
they in trude the Tri as sic–Early Ju ras sic ba saltic rocks and
re lated volcaniclastic rocks. The only dated bod ies in the
unit 7 suite, how ever, have given some what older ages
(>193 Ma) and compositionally, these bod ies most closely
re sem ble those in the Mt. Polley area, all of which have

been dated at ca. 200 Ma us ing U-Pb meth ods (Mortensen
et al., 1995). The only in tru sions within Quesnellia that
have given re li able (U-Pb) crys tal li za tion ages sim i lar to
those in the Span ish Moun tain area are those that are as so -
ci ated with the Mt. Milligan Cu-Au por phyry sys tem north
of Prince George.

Frasergold (093A  150)

The Frasergold prop erty, lo cated ap prox i mately 60 km
south east of Span ish Moun tain, cov ers an ~10 km long,
north west-trending area of min er al ized pros pects, de fined
by drill ing and anom a lous Au in soils along the north east
limb of the Eu reka Peak syncline (Fig ure 1). Min er al iza tion 
at Frasergold is hosted by the same gen eral se quence of
Mid dle–Up per Tri as sic metasedimentary rocks that oc curs
at Span ish Moun tain, com pris ing a fine-grained turbidite
se quence that is dom i nated by black car bo na ceous phyllite
with lo cal thin interbeds of metasiltstone, and more rarely,
fine-grained metasandstone. Un like Span ish Moun tain,
how ever, in tru sive rocks ap pear to be ab sent from the sec -
tion at Frasergold. Stra tig ra phy in the Frasergold de posit
area dips mod er ately to shal lowly to the south west in the
de posit area. Re gional map ping sug gests that the over all
se quence is up right and oc curs on the north east limb of the
re gional Eu reka syncline (Bloodgood, 1987, 1992).

Al ter ation

The car bo na ceous phyllite in the Frasergold de posit area,
like por tions of the Span ish Moun tain se quence, is char ac -
ter ized by the pres ence of coarse iron-car bon ate
porphyroblasts. Fo li a tion (both S1 and S2, see be low) wraps 
around the porphyroblasts, cre at ing a bumpy to dim pled
‘knot ted’ tex ture to fo li a tion sur faces. The porphyroblasts
may rep re sent a broad al ter ation en ve lope to the min er al iz -
ing sys tem, as in other sed i ment-hosted dis tricts glob ally.
Al though the car bon ate porphyroblasts are wrapped by,
and there fore pre date S2 fo li a tion, they over grow S1 fo li a -
tion sur faces and folds, in di cat ing their for ma tion dur ing or
af ter D1, but prior to D2 (Fig ure 13), and con sis tent with a
sec ond ary or i gin that could be al ter ation re lated. If they are
re lated to min er al iza tion, then this re la tion ship helps con -
strain min er al iza tion tim ing.

Gold Min er al iza tion

Gold min er al iza tion on the Frasergold prop erty oc curs
within, or is spa tially as so ci ated with stratabound sets of
white quartz>iron-car bon ate+mus co vite+py rite veins that
a r e  de  ve l  oped  i n  the  ‘kno t  t ed ’ i r on -ca r  bon  a t e
porphyroblastic car bo na ceous phyllite unit. The veins form 
com plex sets that are de vel oped in con cen trated zones sev -
eral metres to tens of metres wide that dip col lec tively to the 
south west and form a bulk ton nage low-grade Au de posit.
An in ferred his tor i cal re source (not com pli ant with NI43-
101) of 6.6 mil lion tonnes grad ing 0.055 oz/t Au to depths
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of 100 m and over a 3 km strike length has been re ported
(Goodall and Camp bell, 2007).

Struc tural His tory

Quartz veins within min er al ized zones at Frasergold com -
prise mainly subparallel, ap prox i mately S0/S1 par al lel
(con cor dant) quartz veins and veinlets (Fig ure 14a) that are
com posed of blocky, recrystallized white quartz with mi nor 
iron-car bon ate, and com mon sil very mus co vite selvages.
These veins are af fected by both D1 and D2 strain and are of -
ten trans posed and boudinaged in the plane of S1, lo cally
with the de vel op ment of in ter nal S1-par al lel seri cite
stylolite. The veins are af fected by F2 folds (Fig ure 14b)
and vary in ori en ta tion across F2 fold limbs, al though are
gen er ally within or al most par al lel with S0/S1. Yel low-
brown, coarse, blocky iron-car bon ate typ i cally oc curs as
clots, bands and selvages on veins, and con tains dis sem i -
nated py rite ±pyrrhotite with lo cal trace amounts of chal co -
py rite, sphalerite and ga lena.

The con cor dant S0/S1 and thicker, dis cor dant veins join one
an other with out cross cut ting re la tion ships (Fig ure 14c),
have the same min er al ogy, and are equally as de formed,
sug gest ing that they are all part of a sin gle vein gen er a tion,
or sev eral very closely timed but now in dis tin guish able
vein gen er a tions that form part of a sin gle vein ing ep i sode.
Al though pri mary ge om e tries and morphologies of the
veins have now been ob scured by de for ma tion, the nar -
rower con cor dant veins fre quently form ar rays with lo cal
en échelon pat terns that splay off the larger dis cor dant
veins in a re la tion ship that could rep re sent a shear vein or
extensional vein re la tion ship, with the larger veins form ing
mi nor re verse oblique slip or shear veins (Fig ure 14c). The
vein sys tems may have orig i nally formed net works of
widely spaced, re verse shear veins that were joined by sets
of abun dant extensional veins that could have been broadly
lo cal ized along with, or ad ja cent to a thrust within the
phyllite se quence. Col lec tively the vein net works, and po -
ten tial stringer or dis sem i nated py rite min er al iza tion in the
vein wallrock, de fine a bulk-ton nage, low-grade de posit.

The Frasergold vein sys tem could rep re sent a semibrittle
shear vein or extensional vein ar ray that formed along with,
or ad ja cent to a con cor dant or semiconcordant D1 shear
zone. Sim i lar sets of veins as so ci ated with D1 thrusts are re -
ported through out the re gion by Bloodgood (1992). An
early to syn-D1 tim ing of min er al iza tion is sug gested based
on the strain state and re la tions of the veins to fab rics, since
the veins are af fected by a sig nif i cant amount of D1 strain,
but pre date all D2 de for ma tion. This is con sis tent with the
late-D1 to pre-D2 im plied tim ing of the car bon ate
porphyroblasts based on tex tural re la tion ships. Apart from
a few iso lated string ers, struc tur ally late, steeply dip ping
and north east-trending quartz extensional veins and shear
veins seen in the Barkerville lode-Au de pos its and at Span -
ish Moun tain are ab sent at Frasergold.

Other Au oc cur rences of a sim i lar style oc cur along strike
to the south east and north west of the Frasergold de posit in
the same belt of Tri as sic phyllite. The Kusk oc cur rence
(093A  061; Belik, 1988) is lo cated ap prox i mately 4 km
south-south east of Frasergold, and the Forks oc cur rence
(093A  092; Howard, 1989) is just south of the east end of
Horse fly Lake, ap prox i mately 20 km north west of
Frasergold. At both the Forks and Kusk oc cur rences, like
the Frasergold de posit, Au oc curs in vari ably de formed and
boudinaged quartz veins within grey car bo na ceous phyllite 
with iron-car bon ate porphyroblasts. Col lec tively, these oc -
cur rences and the Frasergold de posit de fine a min er al ized
cor ri dor that is nearly 35 km long.

Dis cus sion

If the S1 and S2 fab rics at Frasergold can be con vinc ingly
dem on strated to be re lated across the CGD, then the
Frasergold veins could be com pa ra ble to the early, de -
formed sets of py rite-quartz veins ob served at Span ish
Moun tain and the quartz-car bon ate-mus co vite veins that
pre date main phases of Au vein ing in the Wells-Barkerville
area, which are also wide spread in other lode-Au trends in
the Barkerville terrane. Al ter na tively, if D1 and D2 de for -
ma tion events and as so ci ated fab rics (S1, S2, L2) that are re -
corded across the CGD are not co eval and in stead are pro -
gres sively transgressive across the area, the Frasergold
min er al iza tion may be co eval with other gen er a tions of
vein ing, or po ten tially may rep re sent a sep a rate min er al iz -
ing event that is not man i fested in other parts of the dis trict.
The for mer is con sid ered most likely, since the Eu reka Peak 
syncline and its as so ci ated fab rics can be traced con tin u -
ously to the north west to the Span ish Moun tain area by
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Fig ure 13: Pho to mi cro graph of a car bon ate porphyroblast (right
side of im age) in car bo na ceous phyllite at the Frasergold de posit.
Note the porphyroblast over grows S1 fo li a tion, which is pre served
as mus co vite and quartz align ment in ter nally within it. The S2 fo li a -
tion wraps around the porphyroblast at left and crenulates and
trans poses the older S1 fo li a tion out side the porphyroblast.
Frasergold drillhole 07-295, 124.2 m. Plane-po lar ized light, field of
view 3 mm.
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Bloodgood (1987, 1992), and the ex ist ing K-Ar age is sim i -
lar to the ages of ear li est min er al iza tion in the Wells-
Barkerville area.

On go ing Dat ing, Petrographic and Iso to pic Stud ies at
Frasergold

A K-Ar age of 151 ±5 Ma was re ported by Panteleyev et al.
(1996) for seri cite from a min er al ized quartz vein at the
Frasergold oc cur rence. This is sim i lar to 40Ar/39Ar ages ob -
tained for mica grains from meta mor phic rocks and early
de formed quartz veins in the Wells-Barkerville area (dis -
cussed above), which would be con sis tent with the min er al -
ized veins at Frasergold be ing older than most of the Au-
bear ing veins in the Wells-Barkerville area. This age re -
mains to be cor rob o rated by 40Ar/39Ar dat ing. Dur ing the
field work, a rep re sen ta tive suite of sam ples for 40Ar/39Ar
dat ing (n = 5) was col lec tion from both un der ground and
sur face ex po sures and from drillcore, which in cluded mus -
co vite from veins, in vein selvages and from sur round ing
wallrock. Min er al ized sam ples for the sul phide Pb iso tope
and de tailed petrographic stud ies were also col lected and
will be an a lyzed as the pro ject pro gresses.

Discussion: Initial Conclusions and
Outstanding Questions

Our new 40Ar/39Ar ages from the Wells-Barkerville area in -
di cate that early, de formed quartz veins were emplaced
some time be tween 146.6 and 155.2 Ma, whereas both Au-
bear ing py ritic re place ment de pos its and extensional veins
formed in the range of 138.5–147.6 Ma in lat est Ju ras sic to
ear li est Cre ta ceous time. If these vein sys tems formed dur -
ing, and in the wan ing stages of D2 de for ma tion as is in ter -
preted, then these ages not only date the for ma tion of the Au 
de pos its and oc cur rences in the re gion but also con strain
the tim ing of the D2 event in the Barkerville terrane.

We rec og nize a sep a rate de for ma tion event in the Span ish
Moun tain area that oc curred be tween the re gion ally de -
fined D1 (phase 1) and D2 (phase 2) fo li a tion form ing
events. Al though an ad di tional phase of fold ing be tween D1

and D2 has not been rec og nized in the Wells-Barkerville
area, the in ten sity of the D2 event in that area is suf fi ciently

high that ev i dence for it may be ob scured by over print ing
de for ma tion.

Al though iso to pic age data has not yet been ob tained for
Au-bear ing veins in the Span ish Moun tain area, the Au-
bear ing veins there ex hibit sim i lar ge om e tries and tim ing
re la tion ships as vein sys tems in the Barkerville terrane.
Based on sim i lar i ties in vein style, ori en ta tions and sug -
gested ki ne mat ics, and tim ing with re spect to the dom i nant
foliations, it is spec u lated that the Au-bear ing extensional
veins in the Wells-Barkerville area and the Span ish Moun -
tain area oc curred at the same time, prob a bly in wan ing
stages of D2, and in re sponse to short en ing to the north east,
dur ing ini tial for ma tion of the north-trending dextral faults. 
Gold-bear ing veins in the Frasergold area are clearly older
than those at Span ish Moun tain, but it is per mis sive that
they formed at the same time as the early, de formed and lo -
cally Au-bear ing quartz veins in the Wells-Barkerville
area, and the early py rite-quartz min er al iza tion at Span ish
Moun tain. Al though clearly re lated to dis cor dant late faults 
in many parts of the Barkerville terrane, the com monly
stratabound na ture to these quartz veins also sug gests a
form of com bined struc tural-strati graphic con trol, where
wan ing ac tiv ity on D2 thrusts could have con trib uted to the
dis tri bu tion of min er al ized cor ri dors within which dis cor -
dant faults may have lo cal ized vein min er al iza tion early in
their his tory dur ing a change in tec tonic con di tions.

Through out most of the CGD, Au min er al iza tion oc curs
dom i nantly in or as so ci ated with quartz veins, but the
Wells-Barkerville area and Span ish Moun tain de posit dem -
on strate their po ten tial as so ci a tion with ear lier, more sul -
phide-rich types of min er al iza tion. If these early styles of
min er al iza tion are ge net i cally re lated to the youn ger
quartz-vein sets, they sug gest that these de pos its de fine
zones of long-lived hy dro ther mal fluid flow that ex ploited
com mon, but evolv ing fluid channelways. If so, the dif fer -
ent styles of min er al iza tion may re flect tem po ral changes in 
fluid com po si tion, strain state, paleodepth and tem per a ture
span ning re gional D2 de for ma tion. The spa tial as so ci a tion
also sug gests the po ten tial for early sul phide-rich styles of
min er al iza tion in ar eas where only quartz-vein de pos its
have been ex plored for thus far. It might be ex pected that
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Fig ure 14: Style of de formed vein sys tems in the Frasergold de posit: a) stratabound na ture of de formed quartz veins in out crop near
Grouse Creek; the S2 fo li a tion is par al lel to the rock ham mer, and ax ial pla nar to folds of the veins; view north west; b) folded, con cor dant
extensional veins; view south east in un der ground work ings, field of view 2 m; c) a banded, south west-dip ping dis cor dant vein, at the lower
right, is joined in its hangingwall by folded, nar rower semiconcordant quartz extensional veins; al though folded by F2 folds, the veins in the
hangingwall of the larger vein dis play ge om e tries com pat i ble with de vel op ment as sigmoidal extensional-vein ar rays in the hangingwall of a 
larger shear vein; view north west in un der ground work ings; d) larger, steeply dip ping 0.5 m wide white quartz veins with Au-bear ing or ange-
brown iron-car bon ate>py rite bands; view south east in un der ground work ings; larger, 15–50 cm thick quartz-car bon ate veins (Fig ure 14c)
that are de vel oped at mod er ate to high an gles to S0/S1 are also as so ci ated with the con cor dant veins; these gen er ally have higher iron-car -
bon ate con tent than the smaller con cor dant veins, but con tain the same blocky recrystallized white quartz fill; al though thicker than the
other veins, these veins are also dis con tin u ous and may ter mi nate lat er ally or ver ti cally. These thicker veins are openly folded by folds with
ax ial-pla nar S2 fo li a tion; high est grades (>3 g/t Au) com monly oc cur as so ci ated with the larger veins where they con tain most abun dant
clots of iron-car bon ate+py rite, which may be aligned in dis con tin u ous lenses of bands par al lel to vein walls (Fig ure 14c); Au oc curs both as
rel a tively coarse, free grains as so ci ated with masses of iron-car bon ate, py rite and/or pyrrhotite within the veins and also as fine grains
within quartz near vein mar gins.



these ear lier py ritic forms of min er al iza tion could vary in
style de pend ing on the hostrock, as is dem on strated by the
vari a tion from per va sive re place ment of lime stone seen at
the Is land Moun tain and Mos quito de pos its, to the co alesc -
ing se ries of py ritic veinlets with dis sem i nated py rite that
com prises the siltstone-hosted Bo nanza Ledge zone. If so,
if more cal car e ous units are pres ent in the Span ish Moun -
tain stra tig ra phy, it is pos si ble that these might also be pref -
er en tially re placed by py rite as so ci ated with the early min -
er al iz ing event there.

Regional Indicators for Au Mineralization in
the CGD

Car bon ate al ter ation is wide spread in all three Au-bear ing
ar eas that have been ex am ined in the CGD. At Frasergold
and Span ish Moun tain, min er al ized zones are char ac ter -
ized by the pres ence of dis tinc tive ‘knot ted’ schist tex tures
caused by the pres ence of abun dant iron-car bon ate
porphyroblasts. These porphyroblasts formed rel a tively
early in the struc tural evo lu tion of each area (syn-D1 or
ear ly  D 2 ) .  At  Span  i sh  Moun ta in ,  the car  bon  a te
porphyroblasts are wide spread and ex tend well be yond
min er al iza tion, but they may re flect a broad pe riph eral ef -
fect to the al ter ation as so ci ated with the early py rite-quartz
min er al iza tion. The porphyroblasts at Frasergold, how -
ever, could po ten tially rep re sent an al ter ation ef fect re lated
to the em place ment of the Au-bear ing veins, since both the
veins and the porphyroblasts formed early. It is in ter est ing
to note that very sim i lar iron-car bon ate porphyroblasts are
closely as so ci ated with de formed Au-bear ing quartz veins
at both the Kusk Au oc cur rence 4 km to the south of
Frasergold and the Forks oc cur rence 20 km to the north -
west. ‘Knot ted’ schist fab rics have not been re ported thus
far from any other lo cal i ties within the Tri as sic black
phyllite; thus this could rep re sent a use ful field cri te rion for
iden ti fy ing po ten tially Au-bear ing zones in the region.

Rusty brown iron-car bon ate al ter ation, com monly as so ci -
ated with dis sem i nated py rite, is also com monly as so ci ated
with Au-bear ing veins in the Wells-Barkerville area, where
it oc curs per va sively, of ten af fect ing feld spar in sand stone
and siltstone beds and lami na tions over broad por tions of
the se quence sur round ing the ar eas of vein ing in the
Cariboo Gold Quartz and Is land Moun tain mines. Much of
the fine-grained car bo na ceous grey phyllite in the Wells
area have no vis i ble al ter ation if coarser beds are not pres -
ent, ex cept for lo cal ar eas of car bon ate and/or py rite
porphyroblast de vel op ment.

In most of the lode-bear ing por tions of the Barkerville
terrane, min er al iza tion in late quartz veins and re place ment
min er al iza tion are spa tially as so ci ated with sets of early,
de formed and boudinaged quartz-car bon ate-mus co vite
veins. These are also abun dant be tween Yanks Peak and
Light ning Creek, where thick, blocky early quartz vein rub -

ble is com monly ex posed on ridgetops and in al pine ar eas,
link ing the Au-bear ing do mains at Yanks Peak and Light -
ning Creek. These as so ci a tions sug gest that quartz vein
gen er a tions of all types, even if not sig nif i cantly Au bear -
ing, may be in di ca tors of nearby, or along-strike ar eas of Au 
min er al iza tion as so ci ated with later gen er a tions of quartz-
vein min er al iza tion.

Possible Role of Intrusions in Au
Mineralization

Al though all of the min er al iza tion in the CGD is con sid ered 
to be orogenic in style, in tru sive rocks are pres ent in the vi -
cin ity of Au min er al iza tion in both the Span ish Moun tain
area and the Wells-Barkerville area. At Span ish Moun tain,
mafic (?) to fel sic sill com plexes dated at 185–187 Ma are
spa tially as so ci ated with the main min er al ized area. The in -
tru sions pre date all de for ma tion phases in the area and have 
been over printed by the late car bon ate-fuch site al ter ation
that ap pears to be as so ci ated with the min er al iza tion. It is
in ter est ing, how ever, to note that the in tru sions also co in -
cide spa tially with iron-car bon ate porphyroblast de vel op -
ment, rais ing the pos si bil ity that porphyroblast de vel op -
ment, and pos si bly an early in tro duc tion of Au into the
sed i men tary se quence in this area, may have been as so ci -
ated with the em place ment of Early Ju ras sic in tru sions.
How ever, there is no ev i dence at this point for in tru sions of
this age in any of the other ar eas of iron-car bon ate
porphyroblast de vel op ment and Au min er al iza tion else -
where in the Tri as sic black phyllite pack age (e.g.,
Frasergold).

Al though both predeformation (Proserpine in tru sions) and
postdeformation (rhy o lite and lam pro phyre dikes) in tru -
sions have been rec og nized in the Wells-Barkerville area, it
seems un likely that ei ther of these in tru sive events is re -
lated to the Au min er al iza tion, al though iso to pic dat ing of
the youn ger set of in tru sions is now un der way to test this.

Some of the prob lems that the au thors are tack ling in the
CGD also bear di rectly on the or i gin of orogenic Au de pos -
its glob ally. Work that is cur rently un der way in two of the
other main Phanerozoic orogenic Au dis tricts in the world
(Klondike Au belt, Yu kon and Otago schist belt, New Zea -
land) by Mortensen and col lab o ra tors from the Uni ver sity
of Otago (Mac Ken zie et al., 2007; Mortensen et al., un pub -
lished data) has clearly dem on strated that at least two dis -
tinct end-mem bers of orogenic Au de pos its can be rec og -
nized on the ba sis of the source of met als and flu ids
in volved. In the Otago schist belt in New Zea land, it has
been shown con vinc ingly that met als and flu ids that formed 
orogenic Au veins were de rived by meta mor phic de hy dra -
tion re ac tions across the greenschist-am phi bo lite fa cies
tran si tion at con sid er able depth be neath the min er al ized re -
gion (e.g., Pitcairn et al., 2007). This is the most com mon
ge netic model for orogenic Au de pos its es poused in the re -
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cent lit er a ture (e.g., Goldfarb et al., 2005). In the Klondike
Au dis trict in west ern Yu kon, how ever, Mac Ken zie et al.
(2008) and Mortensen (un pub lished data) have shown that
the met als con tained within orogenic veins in that area are
lo cally de rived from a dis tinc tive pack age of sub ma rine fel -
sic meta vol can ic rocks that con tain small, pre cious-metal–
en riched VMS oc cur rences, and host or im me di ately un -
der lie the vein sys tems. Vein-hosted Au min er al iza tion in
the Wells-Barkerville area closely re sem bles that in the
Klondike Au dis trict, and the in ti mate as so ci a tion be tween
clus ters of Au-bear ing quartz veins and Au-rich hostrocks
in dif fer ent parts of the CGD (Au-bear ing py ritic mantos in
the Wells-Barkerville area and dis sem i nated Au in al tered
metaclastic rocks at Span ish Moun tain) ar gues that the
CGD likely has more in com mon with the Klondike Au dis -
trict than with the Otago schist belt.

Dunne et al. (2001) car ried out a re con nais sance level fluid
in clu sion study of Au-bear ing quartz veins in the Wells-
Barkerville area. An ex ten sive suite of sam ples of vein
quartz for fluid in clu sion anal y sis was col lected from
through out the CGD dur ing the course of the 2008 field -
work pro gram. These sam ples will form the ba sis for a fluid 
chem is try study that is cur rently planned of Au-bear ing
veins in the Barkerville terrane and lower por tions of the
Quesnel terrane by Mortensen and col leagues from the
Uni ver sity of Leeds. In ad di tion, compositional data for
placer- and lode-Au sam ples from through out the CGD that 
were re ported by McTaggart and Knight (1993) are cur -
rently be ing re in ter preted and ad di tional compositional
work on the McTaggart and Knight sam ple suite is un der -
way. This will in clude work on ad di tional lode-Au sam ples
that were col lected dur ing 2008.

There are some out stand ing ques tions re gard ing lode-Au
de pos its and po ten tial in the CGD:

· What are the ab so lute ages of, and re la tion ships be -
tween, Au-bear ing veins and ear lier py rite min er al iza -
tion in the CGD?

· If re lated, are they part of a co eval or tem po rally
transgressive min er al iz ing event across the dis trict now
ex posed at dif fer ent struc tural lev els?

· What are the ages of Au-bear ing veins at the Frasergold
de posit, and are they re lated to older forms of min er al -
iza tion that are ob served else where in the dis trict?

· What are the spe cific struc tural con trols on min er al iza -
tion in each of these ar eas, and is there ev i dence for in -
ter ac tion be tween late D2 thrust ac tiv ity and youn ger
faults that lo cal ized min er al iza tion?

· What is the na ture and source of the met als and min er al -
iz ing flu ids in each camp?

The au thors’ on go ing re search in the CGD is di rected at
these and other key ques tions. It is be lieved that re solv ing
these ques tions will pro vide valu able new in sights into the
na ture and or i gin of Au in the CGD, and will re sult in new

ex plo ra tion cri te ria that can be ap plied to on go ing ex plo ra -
tion ef forts not only within the CGD, but also else where in
BC.
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Introduction

Por phyry cop per de pos its are the ma jor source of cop per in
the world to day (Titley et al., 1981). They are large hy dro -
ther mal sys tems in ti mately re lated to the exsolution of flu -
ids from high in the crust. Tec tonic en vi ron ments, magma
com po si tion and crustal en vi ron ment of em place ment all
play a role in de ter min ing the metal en dow ment of these de -
pos its (Rich ards, 2003). From the dis tri bu tion of por phyry
de pos its around the world, it is clear that the mag matic-hy -
dro ther mal sys tems re spon si ble for their gen e sis oc cur in
pulses re stricted in time and space. The west ern Cor dil lera
of Can ada has sev eral large por phyry de pos its (e.g., High -
land Val ley, Ga lore Creek, Is land Cop per and Gi bral tar),
the ma jor ity of which are as so ci ated with al ka line
magmatism and are of Me so zoic age (Lowell and Guilbert,
1970). There are less well-known oc cur rences of large cop -
per por phyry de pos its in other ter ranes of Brit ish Co lum bia
(BC) that are spa tially as so ci ated with the Coast Plutonic
Com plex (CPC); the larg est of these is the Pros per ity de -
posit (Fig ure 1). With es ti mated re sources of 9.4 mil lion
ounces of gold and 3.5 bil lion pounds of cop per (MINFILE
092O  041; MINFILE, 2008), Pros per ity could be come
BC’s larg est pro duc ing por phyry de posit. The Pros per ity
de posit is a calcalkaline por phyry char ac ter ized by the in -
tru sion of quartz diorite and plagioclase por phyry into sur -
round ing Lower Cre ta ceous ma rine shale and ma rine to
nonmarine Lower to Up per Cre ta ceous andesitic
pyroclastic rocks with in ter ca lated mas sive to por phy ritic
flows (MINFILE 092O  041; MINFILE, 2008). Oc cur -
rences of hy dro ther mal al ter ation and min er al iza tion have
been found within 25 km of the Pros per ity de posit in rocks
of a sim i lar age and paleogeographic-tec tonic set ting.
These oc cur rences lie in the Taseko Lakes area and may
rep re sent a tectono-tem po ral suite of por phyry cop per de -
pos its in BC. Ac quir ing a better un der stand ing of their age,

their tec tonic set ting and the de gree to which they rep re sent
mag matic-hy dro ther mal sys tems, will make it eas ier to ac -
cess these deposits.

This re port is a sum mary of the re sults of the main au thor’s
Geoscience BC-funded M.Sc. study on a por phyry cop per
de posit and spa tially as so ci ated hy dro ther mal show ings
that lie in rocks of sim i lar age, com po si tion and tec tonic
set ting to those of the Pros per ity de posit. The study area is
lo cated in south west ern BC, ap prox i mately 50 km south of
the town of Wil liams Lake and 25 km south of the well-de -
fined Pros per ity cop per-gold por phyry de posit (Fig ure 1).

The main goals of the pro ject are to

· char ac ter ize min er al og i cal and chem i cal al ter ation and
their paragenetic re la tion ships;

· un der stand the physicochemical evo lu tion of the hy dro -
ther mal sys tems;

· de ter mine the age of in tru sion, al ter ation and min er al -
iza tion;

· de fine the tec tonic and geo log i cal frame work of hy dro -
ther mal ac tiv ity;

· con sider the hy dro ther mal show ings’ as so ci a tion to
other hy dro ther mal ac tiv ity in the same belt of rocks;
and

· as sess the po ten tial for find ing an other belt of por phyry
cop per de pos its within BC.

The cur rent pa per pres ents re sults of geo log i cal map ping,
pe trog ra phy, 206Pb/238U and 40Ar/39Ar geo chron ol ogy,
thermochronology, fluid in clu sion anal y sis and a pre lim i -
nary sta ble iso tope study. These re sults in di cate that a pe -
riod of por phyry-re lated in tru sion and min er al iza tion oc -
curred dur ing the Late Cre ta ceous, around the same time
that sim i lar events were tak ing place in the nearby Pros per -
ity de posit.

Regional Geological Setting

Brit ish Co lum bia is com posed of var i ous orogenic belts
that are part of a larger geo graphic area known as the Ca na -
dian Cor dil lera. The Coast Belt forms the core of the lon -
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gest moun tain belt in the west ern Cor dil lera (Rusmore and
Woodsworth, 1991) and is the su ture zone be tween the
Intermontane Belt (to the east) and the In su lar Belt (to the
west). The Taseko Lakes re gion of south west BC is lo cated
near the east ern limit of the CPC. It is along this bound ary
that the Pros per ity de posit is lo cated (Fig ure 1). The
batholith is thought to have been pro duced, from the Ju ras -
sic to the Eocene, by the subduction of the In su lar
Superterrane along the con ti nen tal mar gin of North Amer -
ica.

In south west BC, the Coast Belt is di vided into the south -
west and south east Coast belts. The south west Coast Belt
con sists of Mid dle Ju ras sic to mid-Cre ta ceous plutonic
rocks and Early Cre ta ceous vol ca nic rocks. The south east
Coast Belt in cludes Early Cre ta ceous arc rocks and clastic
rocks. The study area is lo cated within the south east Coast
Belt, and in cludes rocks that be long to the Cre ta ceous
Tchaikazan River suc ces sion and the Powell Creek For ma -
tion (Tip per, 1969, 1978; Mc Laren, 1990; Mon ger et al.,
1994; Schiarizza et al., 1997; Is rael, 2001).

Is rael (2001) con cluded that the study area strad dles the
bound ary be tween the Gam bier arc and the Tyaughton Ba -
sin, and sug gested that the up lift of Early Cre ta ceous rocks
pro vided a source of ma te rial for the Tyaughton Ba sin. By
mid-Cre ta ceous time, the plate con fig u ra tion had changed,
lead ing to dom i nantly contractional de for ma tion. Dextral
strike-slip and contractional fault move ments oc curred in

the area from the mid-Cre ta ceous to the Ter tiary (Journeay
and Fried man, 1993; Schiarizza et al., 1997; Is rael et al.,
2006). Dur ing the later Paleocene to Eocene ep ochs,
contractional move ment was su per seded by dom i nantly
dextral strike-slip move ment, form ing large-scale faults
(e.g., Tchaikazan and Yalakom faults).

Ev i dence for hy dro ther mal ac tiv ity and min er al iza tion is
wide spread through out the south east Coast Belt, high -
lighted by nu mer ous small me tal lic show ings, de vel oped
pros pects and al tered hostrocks. These are largely as so ci -
ated with, and lo cated prox i mal to, the in tru sions con tained
within Lower to Up per Cre ta ceous ma rine and nonmarine
sed i men tary and andesitic vol ca nic rocks, which are par tic -
u larly well-de vel oped in the Tchaikazan River suc ces sion
and the Powell Creek For ma tion.

Local Geology

Rocks in the study area range from Perm ian to Early Cre ta -
ceous in age. The two main units rec og nized are the Early
Cre ta ceous vol cano-sed i men tary Tchaikazan River suc ces -
sion and the Late Cre ta ceous Powell Creek For ma tion (Fig -
ure 2a; Mc Laren, 1990; Is rael, 2001). Sev eral large, north-
dip ping nor mal faults are ex posed and a large, east-strik ing
thrust sheet, which placed the Tchaikazan River suc ces sion
on top of the Powell Creek For ma tion, di vides the area.
These units host sev eral cop per show ings, the three larg est
of which are re ferred to as Hub, Char lie and North west
Cop per (Fig ure 2a).
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Fig ure 1. Lo ca tion of ma jor al ka line and calcalkaline cop per por phyry de pos its in BC. The in set map
shows the lo ca tion of the Pros per ity de posit, past pro duc ers Pellaire (gold mine), Taseko-Em press
(cop per-gold de vel oped pros pect) and Tay lor Wind fall (gold mine), and the Taseko Lakes study area.
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Fig ure 2. Maps of the Taseko Lakes study area high light ing: a) the three min eral show ings (Hub, Char lie and North west Cop per) and the ma jor struc tural and geo log i cal bound aries; b) mag -
netic anom a lies that re veal the in ferred subsurface ex tents of ig ne ous bod ies.



Lithological Units

Tchaikazan River Succession

The old est pack ages of rocks lo cated in the study area are
the ap prox i mately 1 km thick (Is rael, 2001) vol cano-sed i -
men tary pack ages of the Tchaikazan River suc ces sion (Fig -
ure 2a), which is split into vol ca nic- and sed i men tary-dom -
i nated fa cies. The vol ca nic fa cies is char ac ter ized by
in ter ca lated sub aque ous to subaerial vol ca nic rocks, typ i -
cally andesitic in com po si tion, and mas sive an de site flows
dom i nate its up per parts. The sed i men tary fa cies is char ac -
ter ized by ma rine sed i men tary rocks that are highly vari -
able in terms of grain size, bed thick ness, struc ture and rock 
type (Hollis et al., 2008), in clud ing me dium to coarse-
grained, well-sorted sand stone, con glom er ate, siltstone,
and mudstone.

Is rael (2001) sug gested that the Tchaikazan River suc ces -
sion could be as old as 136 Ma, maybe even 146 Ma, and a
min i mum depositional age is con strained by the Mt.
Pilkington in tru sion that cross cuts the suc ces sion and
yields a Pb/U zir con age of 102 ±2 Ma. The Pb/U dat ing of
zir cons for this study yielded ages of 80.7 ±0.8 Ma and 76.6
±0.7 Ma for two feld spar por phyry dikes that cross cut the
vol ca nic fa cies of the Tchaikazan River suc ces sion.

The rocks of the Tchaikazan River suc ces sion can be sub di -
vided into three lithological as so ci a tions: 1) pri mary vol ca -
nic, 2) sed i men tary (ei ther vol ca nic or sed i men tary de -
rived) and 3) hypa bys sal. Pri mary vol ca nic fa cies are
gen er ally the prod uct of ef fu sive vol ca nic erup tion, while
hypa bys sal in tru sions in clude dikes that are mostly dis cor -
dant to stra tig ra phy and sed i men tary fa cies in clude those
formed where vol ca nic pro cesses have had no in flu ence
upon de po si tion, but can nev er the less com prise vol ca nic-
de rived ma te rial.

The Tchaikazan River suc ces sion likely rep re sents a ma -
rine rock se quence de pos ited near an ac tive arc re gion. The
in crease in vol ca nic ma te rial to wards the strati graphic top
of the suc ces sion sug gests a pro gres sive in crease in arc-re -
lated vol ca nism. The calcalkaline sig na tures of the vol ca -
nic rocks place them into vol ca nic arc re lated and mar ginal-
ba sin set tings.

Powell Creek Formation

The youn gest for ma tion in the study area is the Powell
Creek For ma tion, char ac ter ized by an ex ten sive pack age of 
interbedded,  nonmarine,  subaerial  vol ca nic  and
volcaniclastic rocks. Mas sive vol ca nic flow units, brec cia
flows and resedimented volcaniclastic rocks dom i nate the
for ma tion. The Powell Creek For ma tion is in ferred to be at
least 93.5 ±0.8 to 89.3 ±1 Ma in age (Schiarizza et al., 1997).

The non ho mo ge neous fa cies of the Powell Creek For ma -
tion are highly vari able, con sist ing of mas sive, poorly sor -

ted, ma trix-sup ported volcaniclastic units of sand stone,
siltstone and brec cia. The pre dom i nantly rounded or an gu -
lar clasts lack chilled mar gins, ves i cle zonation or ra dial
joint ing pat terns and are in ter nally mas sive. Dif fer en tial
weath er ing of clasts to the sur round ing ma trix ma te rial is
fre quently ob served, caus ing clasts to pro trude from the
host ma trix (Hollis et al., 2006). The an de site clasts are of -
ten plagioclase phyric and hosted within an apha ni tic, dark
ma roon an de site.

The Powell Creek For ma tion shows as pects of mass flow,
t rac  t ion and sus  pen sion,  y ie ld  ing resedimented
(syneruptive) volcaniclastic de pos its. Sand-sized par ti cles
likely dom i nated sed i men ta tion pro cesses dur ing
aggradation, as in di cated by the pres ence of large vol umes
of coarse crys tal line ma te rial (par tic u larly feld spar and
quartz) shed from the sur round ing vol ca nic en vi ron ment.
The weath er ing, ero sion and re work ing of vol ca nic ma te -
rial pro duced a wide spread volcanogenic sed i men tary de -
posit.

Intrusive Rocks

The study area is host to a va ri ety of in tru sive rocks, rang -
ing from dikes to larger plutonic bod ies, the larg est of
which is lo cated within the Tchaikazan River val ley and is
known as the Hub diorite (Fig ures 2, 3). It is this diorite that
hosts much of the por phyry-style min er al iza tion ob served
at the Hub por phyry de posit (see be low).

Hub Intrusive Centre

A suite of sev eral ig ne ous rocks char ac ter izes the Hub por -
phyry de posit; out crops are dom i nated by coarsely crys tal -
line, mas sive, por phy ritic diorite com posed of plagioclase
(~50%), bi o tite (10–25%) and hornblende (25%) pheno -
crysts in an apha ni tic, plagioclase-dom i nated groundmass.
The 40Ar/39Ar (bi o tite and hornblende) and 206Pb/238U (zir -
con) geo chron ol ogy con strained the age of the Hub diorite
to ca. 80 Ma (Fig ures 3, 4a–c). The Hub diorite is cut by an
unmineralized plug of equigranular monzonite as well as
by a 5 m wide feld spar-hornblende por phyry dike which,
though unmineralized, con tains up to 7% py rite. Sam ples
from this sin gle feld spar-hornblende dike from the in tru -
sive cen tre yielded an age of ca. 70 Ma. Feld spar por phyry
dikes con sid ered to be part of this in tru sive cen tre were also 
sam pled from the Char lie show ing area, where they cross -
cut the Early Cre ta ceous rocks of the Tchaikazan River suc -
ces sion (see above); these yielded ages of 80.7 ±0.8 Ma,
77.49 ±0.97 Ma and 76.6 ±0.7 Ma (Fig ure 4–f).

Northwest Copper Intrusive Centre

The youn gest in tru sive rock in the study area is the North -
west Cop per pluton, which is ex posed in the west ern por -
tion of the study area (Fig ure 2). It is fel sic in com po si tion,
con tain ing ap prox i mately 40% quartz, 30% plagioclase
and 30% other min er als, in clud ing bi o tite and hornblende.
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This com plex in tru sion, char ac ter ized by sev eral
compositional vari a tions, con tains nu mer ous round xe no -
liths of the Powell Creek For ma tion and cross cut ting aplite
dikes. The North west Cop per pluton yielded a Pb/U zir con
age of 57.33 ±0.85 Ma (Fig ure 4g), while a diorite dike
prox i mal to the North west Cop per pluton gave a 40Ar/39Ar
hornblende cool ing age of 60.01 ±0.46 Ma (Fig ure 4h). A
small plug of equigranular syenite that oc curs on the north -
ern part of Rav i oli ridge (Fig ure 2) com prises >60%
anhedral neph el ine crys tals, 30% quartz and 10%
hornblende.

Other Intrusive Rocks

Through out the study area, nu mer ous feld spar-hornblende
dikes of un known age cross cut the Cre ta ceous vol ca nic
rocks. These dikes are highly al tered and do not ap pear to
be re lated to the ig ne ous cen tres, but could be re lated to the
Tchaikazan Rap ids pluton (ca. 6 Ma; Is rael, 2001), which is
found to the north of the study area. Subsurface in tru sions
are in ferred from the aero mag net ic data (Fig ure 2b).  Some
mag netic highs cor re spond well to known in tru sive bod ies
even though they are sit ting in vol ca nic rocks; oth ers are in -
ter preted as rep re sent ing subsurface in tru sions (Fig ure 2 b)
that are pre sum ably sim i lar in age to the Hub or North west
Cop per in tru sive rocks.

Structure

Thrusts

Large, contractional, north-verg ing thrust faults plac ing
an de site rocks of the Tchaikazan River suc ces sion atop the
youn ger Powell Creek For ma tion are a dom i nant fea ture in
the study area. These faults, dip ping mod er ately to the
south west and gen er ally strik ing east (Fig ure 2), are char -
ac ter ized by gouge-rich zones that are up to sev eral metres
thick. Tim ing of thrust ing is not well con strained, but a
sam ple of fine-grained illite col lected from one of these
large thrust zones yielded a 40Ar/39Ar cool ing age of
60.53 ±0.33 Ma (Blevings, 2008).

The north west ern part of the mapped area is dis sected by a
large nor mal fault (Fig ure 2) that jux ta poses the early
Tchaikazan River suc ces sion next to the Powell Creek For -
ma tion; it is in ferred to dip steeply to the north and to have a
nor mal off set. The Tchaikazan fault, ob served to the north
of Rav i oli ridge, is a south east-strik ing, high-an gle, right
lat eral fault (Fig ure 2; Is rael, 2001). It is the larg est struc -
ture ob served in the area, with a strike length of nearly
200 km and sug gested dextral off set of 8 km (Is rael, 2001).

Mesoscale stri ated fault sur faces are com mon in many parts 
of the study area, but the lack of good mark ing units pre -
vents de ter min ing the ex tent of dis place ment. These fault
sur faces are par tic u larly well-de vel oped in the Char lie
show ing area and around the thrusted area, where faults
typ i cally dip >50º, strike north west and have un known ki -

ne mat ics. The fault zones are rel a tively nar row, steeply dip -
ping to the south (>60º) and vis i ble over sev eral tens of
metres. Shear zones, brit tle frac tur ing and vein den sity in -
crease to the north west of the Tchaikazan River val ley.

Character of Alteration and Mineralization

The study area can be di vided into three do mains show ing
ev i dence for hy dro ther mal al ter ation re ferred to as the Hub
por phyry, the Char lie show ing (where gold-bear ing veins
were pre vi ously re ported) and the North west Cop per show -
ing (where na tive cop per and chal co py rite-bear ing veins
have been ob served).

Hub Porphyry

The Hub por phyry, hosted in the Hub diorite, is lo cated
within the Tchaikazan River val ley and ex posed along the
Tchaikazan River it self (Fig ures 2, 3). Ex po sure is gen er -
ally poor and lim ited to a few hun dred metres along man-
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Fig ure 3. Maps of the Hub por phyry de posit and sur round ing Char -
lie dikes show ing: a) geo log i cal and b) geo chron ol ogi cal data.
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Fig ure 4. Plots show ing geo chron ol ogi cal data: a) 206Pb/238U age de ter mi na tion for the Hub diorite; b) 40Ar/39Ar (bi o tite)
age de ter mi na tion for Hub diorite; c) 40Ar/39Ar (bi o tite) age de ter mi na tion for the diorite phase at the Hub show ing; d)
206Pb/238U age de ter mi na tion for the cross cut ting dike at Char lie show ing; e) 206Pb/238U (zir con) age de ter mi na tion for a
sim i lar feld spar por phyry dike at the Char lie show ing; f) 40Ar/39Ar (hornblende) cool ing age de ter mi na tion for the same
dike as in e); g) 206Pb/238U (zir con) age de ter mi na tion for the North west Cop per pluton; and h) 40Ar/39Ar hornblende cool -
ing age de ter mi na tion for the diorite dike at the North west Copper showing.



made geo log i cal trenches and to drillcore from four
drillholes. Hy dro ther mal ac tiv ity is pre served by a phase of
hy dro ther mal brec cia and bi o tite-mag ne tite al ter ation, lo -
cally in tense seri cite and propylitic al ter ation, and chal co -
py rite±bornite±mo lyb de nite min er al iza tion.

Alteration

Hy dro ther mal Brec cia

A mag ne tite-bi o tite–al tered hy dro ther mal brec cia (Fig -
ures 5, 6a, b) is vol u met ri cally the sec ond-most prom i nent
rock type ob served at the Hub show ing, af ter the dom i nant
diorite phase (see above). Re cent drill ing has shown the
brec cia ex tends to a depth of at least 260 m (Fig ure 5). The
hy dro ther mal brec cia typ i cally con sists of ~60% ma trix/ce -
ment, 30% clast ma te rial and 0–10% open space. Frag -
ments are dom i nated by com po si tions re flect ing the im me -
di ate wallrocks, in clud ing fine-grained an de site, diorite,
quartz-vein frag ments (Fig ure 6c, d) and rare monzonite.
Most of the frag ments, es pe cially those of diorite and
monzonite, are subangular to subrounded and typ i cally
mea sure a few centi metres in di am e ter; how ever, it ap pears
that blocks of an de site (metres in size), likely rep re sent ing

pieces of the host wallrocks, are pres ent within the stra tig -
ra phy. The brec cia is most com mon in the up per parts of
drillholes, where it forms along the mar gin of a gently
south east erly (?) dip ping sheet of Hub diorite.

Bi o tite-Mag ne tite Al ter ation

Brown, fine-grained bi o tite is the dom i nant al ter ation min -
eral in the hy dro ther mal brec cia, but it also con tains vari -
able amounts of mag ne tite and quartz (Fig ure 6). The bi o -
tite-mag ne tite as sem blage is con fined to the Hub show ing.
Hy dro ther mal bi o tite typ i cally re places mag matic bi o tite
and hornblende, and is of ten pseudomorphed by later
chlorite.

Seri cite Al ter ation

Seri cite par tially re places plagioclase pheno crysts lo cally
within the Hub diorite. In tense seri cite al ter ation is ob -
served within the youn gest feld spar-hornblende dike at the
Hub show ing. Weak to mod er ate seri cite al ter ation is ob -
served through out the Hub diorite, where fine-grained seri -
cite se lec tively re places plagioclase pheno crysts.
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Fig ure 5. Cross-sec tion of four drillholes from the Hub por phyry look ing north east show ing rock types, al ter ation and min er al iza tion. In set
map shows the in ferred mag netic anom aly.



Chlorite-Epidote (Propylitic) Al ter ation

Chlorite re places pri mary bi o tite, plagioclase and
hornblende lo cally in the Hub diorite; sec ond ary bi o tite of
the mag ne tite-bi o tite al ter ation is also pseudomorphed by
chlorite (see above). Fine-grained epidote al ter ation is rare. 
Later chlorite al ter ation has af fected the mag matic, dis sem -
i nated and vein re place ment bi o tite in the potassic al ter -
ation zone.

Mineralization

The Hub por phyry con tains cop per and mo lyb de nite min er -
al iza tion. The min er al iza tion takes sev eral forms, in clud -
ing those of sul phide-bear ing quartz stockwork vein ing,
dis sem i nated sulphides in the Hub diorite and sul phide
phases as ce ment in the hy dro ther mal brec cia. Chal co py -
rite, bornite, mo lyb de nite and ga lena are among the com -
mon sul phide min eral as sem blages ob served. Dis sem i -
nated chal co py rite, py rite and rare bornite and ga lena were
ob served within rocks of the Hub diorite and the hy dro ther -
mal brec cia. Dis sem i nated sulphides are typ i cally <1 mm in 
size and lo cated within the groundmass of the rock.

Mas sive quartz veins con tain ing sul phide min er als, con -
sist ing of py rite, chal co py rite, mo lyb de nite and rare bornite 
and ga lena, are com mon. The sulphides are of ten mas sive
in form, with the most com monly ob served sul phide as sem -
blage con sist ing of py rite and chal co py rite. Mo lyb de nite is
rarely seen in close as so ci a tion with chal co py rite, but
string ers of mo lyb de nite are found lo cally in as so ci a tion
with large quartz veins (>5 cm thick) through out the
drillcore. Frac ture-coats of fine-grained mo lyb de nite were
ob served in the Hub diorite. In the hy dro ther mal brec cia,
chal co py rite and py rite ex hibit void-fill ing or in ter sti tial
tex tures.

Stable Isotope Results

A to tal of four quartz veins and one mag ne tite vein were
sam pled us ing stan dard mean ocean wa ter (SMOW) anal y -
sis. The quartz veins typ i cally hosted chal co py rite min er al -
iza tion and mea sured up to 1 cm in thick ness. The suite of
quartz veins from the Hub diorite dis played ä18O (SMOW)
rock val ues rang ing from 8.7 to 10.3, while the mag ne tite
vein yielded a ä18O rock value of 3.4. These val ues cor re -
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Fig ure 6. Com par i son of fea tures ob served from drillcore and out crop within the mag ne tite-bi o tite–al tered hy dro ther mal brec cia: a) hole
08TSK-02 sam ple (depth of 100.2 m) show ing the con tact be tween the Hub diorite and the hy dro ther mal brec cia; b) same re la tion ship as
ob served in (a) for sam ple taken from trenches at the Hub show ing; c) hole 08TSK-06 (depth of 89 m), show ing clastic brec cia with an de site 
and quartz vein clasts; and d) same tex tural and compositional re la tion ship as ob served in (c).



late with typ i cal val ues for hy dro ther mal flu ids de rived
from a mag matic source.

Depth of Emplacement

The evo lu tion of por phyry cop per de pos its is strongly af -
fected by the depth of em place ment and the ef fect this has
on the sol u bil ity of volatiles and met als in the hy dro ther mal
fluid. Fluid in clu sion sam ples were pre pared from sev eral
veins from the Hub diorite, but yielded no in de pend ent ev i -
dence of pres sure and, hence, depth. In stead, low-tem per a -
ture fis sion-track thermochronology was used in an at tempt 
to re con struct the depth at which min er al iza tion oc curred,
as this tech nique can pro vide es ti mates of ex hu ma tion.

A sam ple of the Hub diorite was col lected from the val ley
base for zir con (ZFT) and ap a tite (AFT) fis sion track anal y -
sis (Fig ure 7a, b). A sam ple from the Hub in tru sive com plex  
yielded a ZFT date of 85.6 ±1.8 Ma, which cor re sponds to
the time of em place ment of the Hub diorite de ter mined
from Ar/Ar and Pb/U dat ing (Fig ure 3). In the case of geo -
log i cally re al is tic ex hu ma tion rates, the clo sure tem per a -
ture for ZFT is 200–240ºC (Reiners and Brandon, 2006).
The cor re spon dence be tween Pb/U, Ar/Ar and ZFT de ter -
mi na tions im plies that the Hub diorite cooled to be low
200–240 ºC im me di ately af ter em place ment which; for
geo ther mal gra di ents of 25–30ºC/km, would im ply an em -
place ment depth of <6–9 km. The AFT sam ple yielded a
date of 31.4 ±1.8 Ma, a re sult sig nif i cantly youn ger than the 
Hub diorite; this sam ple is there fore thought to be a prod uct
of ex hu ma tion rather than cool ing of the pluton. A clo sure
tem per a ture of ~90–120ºC and a geo ther mal gra di ent of
25ºC/km would cor re spond to a depth of 3–4 km at 31 Ma.

Five ad di tional sam ples of Cre ta ceous in tru sive rocks from
dif fer ing el e va tions were also col lected for AFT anal y sis to
as sess age-el e va tion re la tion ships (Fig ure 7a, b). All six
sam ples pro duced a near-lin ear age-el e va tion re la tion ship
cor re spond ing to an av er age ex hu ma tion rate of 40 m/Ma
over a pe riod of 55–30 Ma (Fig ure 7a). This av er age ex hu -
ma tion rate would im ply that the pres ent ex po sure of the
Hub por phyry was at an ap prox i mate depth of 5 km at
55 Ma; if the same ex hu ma tion rate con tin ued back to the
time of em place ment, it would im ply an ap prox i mate depth
of 6 km (Fig ure 7c). Com par a tively, the es ti mated strati -
graphic thick ness of the units above the em place ment depth 
of the Hub por phyry into the Tchaikazan River suc ces sion
is es ti mated as ~5 km, an es ti mate con sis tent with the AFT
re sult.

Charlie and Northwest Copper Showings Area

This area is lo cated to the north west of the Hub por phyry
(Fig ure 2). Hy dro ther mal al ter ation is vari ably de vel oped
across this area, as are sev eral small polymetallic show ings
(the range of al ter ation types is dis cussed be low). Most of
the an de site rocks of the area dis play pri mary as sem blages
of plagioclase and hornblende.

Alteration

‘Propylitic’ Al ter ation

A chlorite-epidote±calcite–alteration as sem blage is wide -
spread through out the andesitic units of the Char lie and
North west Cop per show ings (Fig ure 8). Typ i cally, these al -
ter ation min er als re place pri mary ig ne ous phases, such as
hornblende, bi o tite and plagioclase (Fig ure 9a–c). It is dif -
fi cult to know whether this re place ment is re lated to a re -
gional, low-tem per a ture meta mor phic event, or whether it
is a dis tal, lower tem per a ture ‘propylitic’ com po nent of the
mag matic-hy dro ther mal por phyry sys tem.

In tense Epidote (Ca) Al ter ation

Strong epidote al ter ation and vein epidote is most com -
monly found prox i mal to large-scale faults, par tic u larly in
the area of the North west Cop per show ing (Fig ure 8).
Epidote typ i cally re places mafic pheno crysts of the an de -
site rocks as signed to the Tchaikazan River suc ces sion and
Powell Creek For ma tion. Fine-grained, mas sive epidote
pods and vein epidote are lo cated near the North west Cop -
per pluton (see above). In ter est ingly, gar net was found in
an iso lated sam ple within this al ter ation as sem blage, which
sug gests the pres ence of higher tem per a ture calcic al ter -
ation com po nents.

Seri cite Al ter ation

Seri cite al ter ation in the area of the Char lie and North west
Cop per show ings is typ i cally ex pressed as seri cite re place -
ment of plagioclase and mafic min er als in an de site and
feld spar por phyry dikes, and as quartz-py rite-seri cite al ter -
ation in parts of the Tchaikazan River suc ces sion sed i men -
tary fa cies (Fig ure 9d, e). Seri cite also forms selvages to
quartz-sul phide veins through out the area.

‘Ad vanced Argillic’ Al ter ation

Argillic al ter ation is lo cally de vel oped on the west ern flank
of the North west Cop per show ing (Rav i oli ridge; Fig ure 8), 
a zone prox i mal to a large east-strik ing nor mal fault (Fig -
ure 2a). The Powell Creek rocks in the hangingwall ap pear
to have un der gone sig nif i cant sili ci fi ca tion. Hy drous clay
min er als, such as kaolinite, dickite, mont mo ril lo nite and
halloysite, were iden ti fied us ing shortwave in fra red
(SWIR) anal y sis and char ac ter ize this al ter ation zone (Fig -
ure 9f). The clay im parts a dis tinc tive col our and tex ture to
the rock re sult ing in a white/yel low earthy rock that con -
trasts with the sur round ing ma roon-col oured Powell Creek
For ma tion.

Mineralization

Min er al iza tion is var ied through out the two ar eas: The
Char lie show ing area hosts comb-tex ture quartz veins,
which con tain polymetallic sul phide as sem blages, and the
North west Cop per show ing, as it name im plies, hosts
milky-col oured, mas sive quartz veins, which con tain na -
tive cop per, tetrahedrite, digenite, and chalcocite. The main 
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Fig ure 7. Thermochronology re sults and re lated cross-sec tion show ing a) ap a tite fis sion track age vs. el e va tion plot (m) for five sam ples of
Cre ta ceous in tru sive rocks col lected within the Taseko Lakes study area and best-fit line through the data that yields an av er age ex hu ma -
tion rate of 55 to 30 Ma; b) ta ble of the col lected thermochronology sam ples’ char ac ter, lo ca tion and el e va tion; and c) sche matic cross-sec -
tion of the study area from north west to south east, re con struct ing the sur face ex pres sion at 6 km (80 Ma), 4 km (30 Ma) and pres ent-day.



styles of min er al iza tion are de scribed in greater de tail be -
low:

· Comb-tex ture, sul phide-bear ing quartz veins are a style
of vein char ac ter ized by mas sive, comb tooth quartz
with a cen tre-fill of chal co py rite or py rite, and rare ga -
lena. Veins are on av er age 2 cm thick, reach ing a max i -
mum thick ness of 5 cm.

· Coarse tetrahedrite, mal a chite, and az ur ite. Tetrahedrite
was lo cated in nu mer ous sam ples from a subcrop of
quartz-dia spore vein ma te rial; it is typ i cally coarse-
grained and ac counts for up to 5% of the vein ma te rial.
Mal a chite and az ur ite were de vel oped in the si lici fied
ma te rial sur round ing the tetrahedrite-bear ing zone.

· String ers of, and dis sem i nated na tive cop per were lo -
cated in two lo ca tions near the North west Cop per thrust
fault. The na tive cop per was as so ci ated with milky
white, mas sive quartz veinlets. Mal a chite and
chrysocolla al ter ation around the veins was an in di ca tor
to their cop per con tent. Na tive cop per veins are also re -
ported from the south ern part of Rav i oli ridge.

· Epidote-chal co py rite-py rite-mag ne tite veins oc cur
only within the area of the North west Cop per show ing,
prox i mal to the North west Cop per pluton. Chal co py rite
is typ i cally coarse grained and as so ci ated with py rite
and mi nor coarse mag ne tite. Mag ne tite forms thin, dis -
con tin u ous string ers as so ci ated with the epidote and
chal co py rite. Py rite forms mas sive ag gre gates in centi -
metre-thick veins. The veins typ i cally ex hibit 1–5 cm
wide al ter ation selvages of illite and chlorite.

Fluid Inclusion Analysis

A to tal of ten dou bly pol ished thin sec tions of quartz vein
ma te rial were cho sen af ter petrographic anal y sis us ing
plane po lar ized light. Many of the typ i cally coarse-grained
and mas sive veins were host to sul phide min er al iza tion.
The fluid in clu sions within were vari able in type, dis tri bu -
tion pat tern, ho mog e ni za tion tem per a ture, phase con tent
and vol ume-per cent vapour, a pat tern com monly found in
other por phyry cop per de pos its.
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Fig ure 8. Lo ca tion of al ter ation zones in the Taseko Lakes study area show ing al ter -
ation min er als and al ter ation as sem blages, in clud ing the ‘propylitic’ chlorite-epidote,
‘ad vanced argillic’ clay-dom i nated and ‘potassic’ bi o tite-mag ne tite al ter ation zones.



Pri mary fluid in clu sions (P) were rarely suf fi ciently de vel -
oped, or too small, to be readily an a lyzed (Fig ure 10). This
is not un com mon in sam ples from the por phyry en vi ron -
ment and is the rea son be hind the need to an a lyze larger in -
clu sions. Growth zones in quartz crys tals are the usual host
to these P in clu sions (Fig ure 10a); how ever, these were too
small for anal y sis (<5 µm). The in clu sions are liq uid-rich,
two-phased (liq uid to vapour ra tio), subspherical and lack
sec ond ary daugh ter min er als. A sin gle, small vapour bub -
ble ac counts for less than 15% of the in clu sion (max i mum

of 40%). Abun dant sec ond ary and fluid in clu sions (Fig -
ure 10b) are typ i cally small and cross cut crys tal
bound aries. Mea sure ments of the melt ing tem per a ture of
ice [Tm (ice)] for the liq uid-rich, ha lite-undersaturated in -
clu sions range be tween –0.8 and –3.4 ºC and ho mog e nize
at tem per a tures be tween 169 and 193ºC. Melt ing data pro -
vides a sen si tive mea sure of bulk sa lini ties, which range be -
tween 1.7 and 5.1 wt. % NaCl equiv a lents. The in clu sions
are a re cord of low-sa lin ity di lute flu ids trapped un der con -
di tions rang ing from 190 to 230 ºC. Fluid in clu sion anal y sis 

86 Geoscience BC Sum mary of Ac tiv i ties 2008

Fig ure 9. Pho to mi cro graphs of the Char lie and North west Cop per an de site sam ples show ing a) stubby, hy dro ther mal bi o tite infill (ppl); b)
par tial chlorite al ter ation of bi o tite (xpl); c) re place ment of hornblende by sec ond ary bi o tite, which is then re placed by sub se quent chlorite;
d) par tial, patchy seri cite al ter ation of plagioclase pheno crysts (xpl); e) per va sive seri cite al ter ation (ppl); and f) per va sive kaolinite al ter -
ation (xpl).



proved in con clu sive in gen er at ing a paleodepth or re al is tic
tem per a ture for the mag matic-hy dro ther mal system.

Stable Isotope Results

A to tal of nine sam ples of vein cal cite were taken from ar eas 
of the Char lie and North west Cop per show ings (re sults
shown in Fig ure 11a–c). These veins were typ i cally mas -
sive cal cite-only veins or quartz veins with a cal cite cen tre-
fill. The sam ples dis play ä13C fluid val ues rang ing from
–9.853 to –3.265, and ä18O fluid val ues, from 5.891 to
11.088 (Fig ure 11c). These val ues are within the range of
val ues sug gested as cor re spond ing to a deep-seated or mag -
matic source for the CO2 car bon which is char ac ter ized by
ä13C fluid val ues rang ing from –3 to –8, with a mean at 
–6 per mil (Ford and Green, 1977; Dreher et al., 2008).
How ever, Kerrich and Wyman (1990) stated that the same
sig na ture could be cre ated by leach ing of car bon ate
hostrocks or ox i da tion of free car bon, and does not nec es -
sar ily in di cate that the CO2 is of man tle or mag matic or i gin.
There fore the C and O iso tope data pre sented in this re port
do not clearly dis crim i nate be tween the pos si ble fluid
sources.

The suite of quartz veins from the Hub show ing dis played
ä18O (SMOW) rock val ues rang ing from 8.7 to 10.3 (Fig -
ure 11a). These veins dis play typ i cal ig ne ous val ues (Tay -
lor, 1968), whereas sam ples taken from the Char lie and
North west Cop per show ings re vealed ä18O val ues pro -
gress ing out ward from the Hub por phyry (Fig ure 11b).
Sam ples from quartz-mag ne tite veins near the North west
Cop per pluton yielded for ma tion tem per a tures of 490ºC for 
ä18O from coprecipitating quartz and mag ne tite (Fig -
ure 11b), cal cu lated us ing iso tope frac tion ation data to gain
an ap pro pri ate tem per a ture of for ma tion. A kaolinite min -
eral sam ple from the North west Cop per ‘ad vanced argillic’
al ter ation zone yielded a ä18O rock value of 6.6, and a äH
rock value of –113 (Fig ure 11a).

Interpretation

The Hub por phyry sys tem dis plays the ig ne ous, al ter ation
and met al lo gen ic sig na tures of a calcalkaline cop per por -
phyry de posit. Min er al iza tion is hosted in the 80 Ma Hub
diorite and cut by 69 Ma feld spar-hornblende dikes, con -
strain ing the age of min er al iza tion to be tween ca. 80 and
70 Ma. The Hub diorite ap pears to have been emplaced at a
depth of 5–6 km at this time. Thrust ing at ap prox i mately
60 Ma led to the place ment of the Tchaikazan River suc ces -
sion over the Powell Creek For ma tion. Sub se quent ex hu -
ma tion at a rate of 40 m/Ma from 80 to 31 Ma and of
>100 m/Ma from 31 Ma to the pres ent day gives a depth of
3–4 km.

The dom i nance of the potassic min eral as sem blage (higher
tem per a ture hy dro ther mal al ter ation) at the Hub por phyry
is in ferred to be prox i mal to the cen tre of the por phyry sys -
tem. Weak seri cite al ter ation oc curs as a lower tem per a ture
over print. There is no phys i cal ev i dence of a fault lo cated
be tween the Hub and Char lie show ings, nor would the re -
con structed strati graphic re la tion ships re quire that one
have oc curred. There fore, the ‘propylitic’ and ‘illite’ al ter -
ations in the Char lie show ing area ap pear to be placed a true 
800 m above the core zone of potassic al ter ation at the Hub
show ing and are thought to be a dis tal ex pres sion of the
mag matic-hy dro ther mal sys tem. The strong vein-as so ci -
ated epidote al ter ation of hostrocks and vein epidote lo -
cated near thrust faults may well re flect hy dro ther mal ac -
tiv ity as so ci ated with the de vel op ment of these struc tures
post-por phyry ac tiv ity, around 60 Ma ago. Seri cite al ter -
ation, which is most de vel oped on Rav i oli ridge, may lie
above the in ferred subsurface in tru sion and there fore be a
re sult of the dis tal ef fects of mag matic-de rived flu ids. The
‘ad vanced argillic’ al ter ation zone rep re sents a near-sur -
face al ter ation and its acidic na ture was likely a prod uct of
acidic mag matic vapour con den sa tion. The epidote al ter -
ation ap pears re lated to fluid flow around faults, and the
North west Cop per pluton, sug gest ing a prob a ble hy dro -
ther mal al ter ation age of ca. 60 Ma.

Geoscience BC Re port 2009-1 87

Fig ure 10. Pho to mi cro graphs of fluid in clu sions as seen in plane-po lar ized light: a) pri mary fluid in clu sions in growth zones in quartz crys -
tals; and b) sec ond ary fluid-in clu sion trail cross cut ting ear lier pri mary as sem blage.



Discussion and Implications

The sim i lar ity of the ages and geo log i cal com po si tion of
the in tru sive rocks of the Hub por phyry to those ob served in 
the Char lie show ing area sug gests that the min er al iza tion at 
both lo cal i ties may be linked to the same pe riod of
magmatism re spon si ble for the 77 Ma Pros per ity de posit.
The North west Cop per show ing is dif fer ent in terms of
min er al ogy, al ter ation and age, and is prob a bly linked to
sep a rate mag matic ac tiv ity, per haps a youn ger hy dro ther -
mal event re lated to the thrust ing at around 60–55 Ma.

The Hub por phyry de posit is the same age as other de pos its
in the re gion, in par tic u lar the 80 Ma Taseko-Em press
show ing (Fig ure 1; see Blevings, 2008) and the larger Pros -
per ity de posit. The same age and sim i lar depth of the Hub
por phyry, Taseko-Em press and Pros per ity de pos its may
point to an 80 Ma suite of por phyry de pos its formed by
subduction-re lated magmatism that was ca pa ble of pro duc -
ing por phyry-style min er al iza tion. The por phyry sys tem at
Taseko Lakes formed at the deep end of the spec trum of
known por phyry de pos its (Sillitoe, 1972, 1973). Given the
cal cu lated AFT and ZFT depth of the Hub por phyry, two
pos si bil i ties arise: Ei ther much of the over ly ing de posit has
been lost, or the por phyry de posit was in her ently smaller or
per haps trun cated (by thrust ing of the late Cre ta ceous
crunch?) por phyry de posit. While these Cre ta ceous rocks

do pres ent ev i dence of mag matic hy dro ther mal al ter ation,
the ev i dence sup port ing their abil ity to host Pros per ity-
style min er al iza tion is lim ited.

Conclusions

The Cre ta ceous ig ne ous rocks of the Tchaikazan River suc -
ces sion and Powell Creek For ma tion are host to cop per
min er al iza tion which oc curred be tween ca. 80 and 70 Ma
(Fig ure 12). Min er al ized cen tres in this area in clude the
Hub diorite, prox i mal to the North west Cop per pluton, and
the small, vein-re lated Char lie show ing. The char ac ter of
the min er al iza tion and the hy dro ther mal al ter ation is typ i -
cal of that at trib uted to por phyry de pos its. High tem per a -
ture potassic al ter ation is con fined to the core of the Hub
por phyry and is char ac ter ized by bi o tite-mag ne tite al ter -
ation of the hy dro ther mal brec cia. Dis tal re gions are al tered 
to a chlorite-epidote-cal cite al ter ation that can, and should,
be dif fer en ti ated from an in tense epidote-only al ter ation as -
sem blage prox i mal to fault zones. Seri cite al ter ation is lo -
cally re stricted and is per va sive in late cross cut ting feld -
spar-hornblende dikes as so ci ated with the Hub por phyry.

The ages for the struc tures in the study area are not well-
con strained, but an illite (Ar/Ar) age for a thrust fault at the
N o r t h  w e s t  C o p  p e r  s h o w  i n g  y i e ld e d  a n  ag e  o f
60.53 ±0.33 Ma, which in di cates that min er al iza tion likely
oc curred post-de for ma tion or dur ing the same pe riod of
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Fig ure 11. Sta ble iso tope anal y sis re sults and hy dro ther mal fluid tem per a ture plots: a) top o graphic map of the lo ca tion of sta ble iso tope
sam ples taken from vein ma te rial and kaolinite rock sam ple high light ing the Hub, Char lie and North west Cop per show ings; b) ä18O plot for
the min eral pair quartz-mag ne tite show ing that the quartz and mag ne tite veins at the North west Cop per show ing formed at ~490ºC, as de -
ter mined us ing equa tions from Zhang et al. (1989) and Chacko et al. (2004) for Ä(A-B) = 10.8‰ (just within the lim its of nor mal ig ne ous
rocks); and c) plot of ä18O vs. ä13C val ues for hy dro ther mal vein cal cite sam ples (see blue squares in(a)) for a hy poth e sized tem per a ture of
300 ºC.



magmatism as the 57 Ma North west Cop per pluton. This
age is con sis tent with that of the Poi son Moun tain
(Cu±Mo±Au) por phyry pros pect, where K-Ar dat ing
(hornblende and bi o tite) has yielded an age of 59–56 Ma
(MINFILE 092O  046; MINFILE, 2008) for the in tru sion,
potassic al ter ation and min er al iza tion.

Both sta ble iso tope stud ies and microthermometric data
from fluid in clu sion anal y sis on the Taseko Lakes area
p r o v e d  u n  c e r  t a i n .  H o w  e v e r,  l o w - t e m p e r  a  t u r e
thermochronology us ing AFT and ZFT pro vided an es ti -
mated av er age ero sion rate of 40 m/Ma, which in di cates
that the por phyry sys tem was emplaced at a depth of 5–
6 km. The sim i lar ity in age, com po si tion, min er al ogy and
geo log i cal set ting of the Hub por phyry to that of the neigh -
bour ing Pros per ity de posit is en cour ag ing, and in di cates

that Late Cre ta ceous con di tions were con du cive to pro duc -
ing large por phyry cop per de pos its.

The re sults gath ered over three field sea sons of work in di -
cate that the Taseko Lakes area dis plays ev i dence of por -
phyry-style in tru sion, al ter ation and min er al iza tion. The
re la tion ships de rived from field map ping and lab o ra tory
work pro vide a use ful back ground for the ef fec tive con tin -
ued ex plo ra tion of the study area.
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cool ing of the mag matic sys tem and in tru sion of feld spar por phyry dikes at ca. 70 Ma.
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Introduction

The Bridge River–Bralorne min eral dis trict is the
larg est his tor i cal lode-Au pro ducer in Brit ish Co -
lum bia, col lec tively pro duc ing over 4 mil lion oz of
Au be tween 1897 and 1971 (Church, 1996). The
dis trict cov ers an area of ap prox i mately 1700 km2

and is lo cated 180 km north of Van cou ver, on the
east ern side of the Coast Belt, in south west ern BC
(Figure 1).

Al though dom i nated by Au oc cur rences, the camp
is char ac ter ized by three main metal as so ci a tions:
Au dom i nant, Sb dom i nant and Hg dom i nant. The
nu mer ous de pos its and min eral oc cur rences that
make up this dis trict form a spa tial zonation, with
Au in the west, Sb in the cen tre and Hg in the east
(Pearson, 1975). There is no de fin i tive ex pla na tion
for this dis tri bu tion, but a num ber of geo log i cal
mod els have been sug gested. Leitch et al. (1991a)
con ducted a de tailed geo chron ol ogi cal anal y sis on
the Bralorne Au de pos its, and con cluded that the
source of the flu ids was from the in tru sive rocks that 
form the Coast Plutonic Com plex to the west, and as
they cooled, they sent out pulses of heat and fluid to -
ward the east, re sult ing in the cur rent metal
zonation. Af ter this anal y sis, Leitch et al. (1991b)
per formed a geo chem i cal and iso to pic anal y sis on
the Au de pos its from the Bralorne-Pi o neer camp
and con strued that the flu ids ac tu ally had a mix of
meta mor phic and mag matic or i gins, with an in -
crease in mix ing with me te oric flu ids as the depth
de creased. Church (1996) con cluded that the close
prox im ity of the Bendor batholith and Coast
Plutonic Com plex pro vided the struc tural con trols and heat
source for the cir cu la tion of con nate and young flu ids that
formed the orogenic Au de pos its at Bridge River–Bralorne

min eral dis trict. How ever, Ash (2001) sug gested an
ophiolitic as so ci a tion for the Au de pos its, and that min er al -
iza tion oc curred dur ing their obduction in the mid-Cre ta -
ceous. Maheux (1989) con ducted a sta ble-iso tope and
fluid-in clu sion study on the larger Sb de pos its and on the
ba sis of the data, de duced that a me te oric-de rived hy dro -
ther mal fluid was the source for the dis trict metal zonation.
Schiarizza et al. (1997), on the ba sis of re gional map ping,
de cided that ep i sodic re ac ti va tion of strike-slip faults gave
rise to met al lo gen ic events that re sulted in the metal
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Fig ure 1. Lo ca tion of the Bridge River–Bralorne min eral dis trict in BC. The
pink dot ted line rep re sents the bound ary be tween the Coast Belt and the
Intermontane Belt.
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Fig ure 2. Re gional ge ol ogy of the Bridge River–Bralorne min eral dis trict, show ing de posit type and dis tri bu tion. Dis tri bu tion pat tern is rep -
re sented by cir cu lar col oured lines; green, Sb type; pink, Hg type; yel low, Au type. Larger stars are sam pled de pos its and oc cur rences.
Mod i fied af ter Church (1996), Maheux (1989) and Schiarizza et al. (1997).



zonation in the dis trict. Spe cif i cally, the three main faults
(Bralorne-Eldo rado, Cas tle Pass, Mar shall Creek–
Yalakom) were ac tive at dif fer ent times, pro duc ing three
min er al iz ing events. De ter min ing the cor rect source for the
S and flu ids is im por tant be cause it can be used to gen er ate
more ef fec tive ex plo ra tion models.

Var i ous iso to pic meth ods can be ap plied to hy dro ther mal
de pos its to pro vide con straints on their for ma tion mod els.
Sul phur iso topes, in par tic u lar, can be a pow er ful tool to
iden tify the source(s) of S in hy dro ther mal min eral sys -
tems. Al though the Bridge River–Bralorne min eral dis trict
ben e fits from a sig nif i cant amount of geo chem i cal data
(Leitch et al., 1989, 1991b; Maheux, 1989), the S source(s)
re spon si ble for the min er al iza tion, and likely for Au trans -
port, have not been iden ti fied. There fore, ver i fy ing the S
iso to pic com po si tions of the min er al iza tion and po ten tial
source rocks can as sist in elim i nat ing some con fu sion and
will help de fine an ex plo ra tion model and pro vide a strong
foundation to evaluate the overall Au prospectivity of the
district.

A de tailed S iso tope study was con ducted, with sam ples
taken from all three metal zones, as well as from the nu mer -
ous rock units that form the coun try rocks and are con sid -
ered to be po ten tial S sources.

Regional Geology

The Bridge River–Bralorne min eral dis trict strad dles the
bound ary be tween the Mid dle Ju ras sic–Late Cre ta ceous
Coast Belt and the Late Pa leo zoic–Me so zoic Intermontane
Belt that to gether com prise this part of the south west ern
Ca na dian Cor dil lera (Schiarizza et al., 1997). This com plex 
re gion re sulted from ep i sodic deformational, depositional
and mag matic events from the Late Pa leo zoic to Mid dle
Ter tiary. In the Mid dle–Late Ju ras sic, two main tec tonic as -
sem blages col lided: the oce anic backarc ba sin Bridge River 
Com plex (Fig ure 2) com pris ing ba salt, gab bro, chert,
shale, argillite and ultra mafic rocks was jux ta posed with
the is land arc Cadwallader Group, which con sists of vol ca -
nic rocks and ma rine and arc-mar ginal clastic strata
(Schiarizza et al., 1997). Dur ing and af ter terrane col li sion,
the Late Ju ras sic–Cre ta ceous Tyaughton Ba sin, which con -
sists of mostly clastic sed i men tary rocks and shale, was
deposited on top of these two terranes (Church, 1996).

Contractional de for ma tion dur ing the mid-Cre ta ceous re -
sulted in a se ries of ma jor struc tural sys tems. In the Bridge
River  dis tr ict ,  these  are the Bralorne fault  zone
(Cadwallader break), the Yalakom fault sys tem, the
Shulaps thrust and a net work of north west-trending faults
(Fig ure 2; Leitch, 1990; Schiarizza et al., 1997). De for ma -
tion above the Cadwallader Group oc curred along the
Shulaps thrust, the Bralorne fault zone and Bralorne–East
Liza ophiolite as sem blages, re spec tively, re sult ing in
wedges of ophiolite and ultra mafic rocks along these zones, 

mark ing the re gion of crustal short en ing. The ophiolite
rocks in clude greenstone, diorite, gab bro, tonalite and ser -
pen tin ite (Schiarizza et al., 1997).

Re gional plutonic and vol ca nic events were ep i sodic dur -
ing the Cre ta ceous and Ter tiary. The Coast Plutonic Com -
plex (CPC) is the main com po nent of the south west ern
Coast Belt, as well as the main gra nitic in tru sion of this re -
gion, and marks the south west cor ner of the min eral dis trict
(Schiarizza et al., 1997). The Bendor batholith is a youn ger
con stit u ent east of the CPC, in the form of an out lier pluton,
which runs for 20 km in a north west-trending di rec tion be -
tween the Bralorne fault zone and the Mar shall Creek fault
(Fig ure 2). These in tru sions com prise granodiorite to
quartz diorite, char ac ter ized by mas sive hornblende>bi o -
tite>pyroxene and mag ne tite-ti tan ite, and gen er ally have
sharp con tacts with a 1 km con tact meta mor phism halo. A
mass of mafic to fel sic dikes in trude all of the units. These
dikes in clude 85.7 Ma hornblende por phyry, 86–91 Ma
albitite dikes, plagioclase por phyry and lam pro phyre.
These are all con sid ered to be hypabyssal equivalents of the 
CPC (Church, 1996).

Dextral strike-slip move ment re ac ti vated many of the older
north west-trending faults, es pe cially along the Yalakom
fault sys tem, which in cludes the Mar shall Creek, Shulaps
thrust, Cas tle Pass, Bralorne fault zone and Re lay Creek
faults (Umhoefer and Schiarizza, 1996). These struc tures
post date the accretionary contractional struc tures at 67 Ma,
but con tin ued to be ac tive through to 40 Ma (Schiarizza et
al., 1997).

Metallogeny and Deposit Geology

The pre vi ously op er at ing mines in the dis trict are Bralorne,
Pi o neer, Way side, Minto, Con gress and Silverquick, and
sur round ing these there are more than 60 min eral oc cur -
rences. The va ri ety of min eral oc cur rences in cludes Au
dom i nant, Sb dom i nant, Hg dom i nant and the oc ca sional
Cu-Mo pros pect (Woodsworth et al., 1977).

Gold Association

The Au-dom i nant de pos its and oc cur rences oc cupy the
area along the Bralorne fault zone (Fig ure 2) be tween the
Bendor batholith and Coast Plutonic Com plex. The zone is
un der lain by both the Bridge River Com plex and Cad -
wallader terrane sed i men tary and vol ca nic units, as well as
wedges of ultra mafic rocks and ophiolite (Fig ure 2;
Church, 1996). Gold-quartz veins are hosted in the diorite
and gab bro of the Bralorne–East Liza ophiolite com plex,
which is bor dered by ser pen tin ite on one side and is within
close prox im ity to the Bendor batholith on the other. The
av er age thick ness of the veins is 1 m and they are rib boned
with septa of sul phide min er als, seri cite and na tive Au
(Leitch et al., 1989). Veins of ten fol low the older albitite
dike con tacts and the ex ten sive net work of faults that are
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part of the Bralorne zone (Leitch, 1990). Fuch site al ter ation 
is a prom i nent fea ture of this min er al iza tion type, be ing di -
rectly as so ci ated with the hy dro ther mal veins, but found a
fair dis tance from the de pos its. The dom i nant sul phide
min er als are ar seno py rite and py rite, with a lesser amount
of sphalerite, ga lena, chal co py rite, pyrrhotite and stibnite.
There is a high Au/Ag ra tio, with Au oc cur ring as free Au,
of ten in as so ci a tion with mas sive ar seno py rite, which is
found next to the veins (Church, 1996). The paragenesis of
the Au min er al iza tion be gins with de po si tion in the veins of 
lean quartz with mi nor py rite and fuch site. The veins are
then refractured and re filled with Au- and ar seno py rite-
bear ing quartz with minor sphalerite, galena, chalcopyrite
and tetrahedrite (Figure 3).

Antimony Association

The Sb de pos its and oc cur rences, char ac ter ized by the Con -
gress and Minto mines, are found dis trib uted through the
cen tral north west-trending re gion in Fig ure 2. Veins are
gen er ally smaller than the Au de pos its and are dis con tin u -
ous in the shear zones, have a low Au-Ag ra tio, and a larger
amount of mixed sul phide min er als (Church, 1996).
Cairnes (1937) and Maheux (1989) iden ti fied two main
styles of min er al iza tion for the Sb de pos its; one (Sb-Au-
Ag±Hg) with a dom i nant stibnite phase that is as so ci ated
with some Au min er al iza tion and a lesser amount of other
sul phide phases, while the other (Ag-Au±Sb) is base-metal
en riched and has a wider va ri ety of sul phide phases. Ex am -
ples of the stibnite-dom i nant min er al iza tion in clude the
Con gress and Howard mines, while the base-metal min er -
al iza tion is seen at the Minto and Olym pic mines. The
greenstone and sed i men tary rocks of the Cadwallader
Group host the base-metal–en riched min er al iza tion with
veins fol low ing the con tact be tween cherty sed i men tary

rocks and the diorite dike. The prin ci pal sul phide min er als
in clude ar seno py rite, py rite, sphalerite and jamesonite with 
mi nor phases of ga lena, chal co py rite, pyrrhotite and
stibnite. The paragenetic se quence of the base-metal–type
min er al iza tion be gins with quartz-an ker ite lodes dom i -
nated by early- to main-stage py rite, ar seno py rite, chal co -
py rite and sphalerite; the mi nor sul phide min er als were also 
de pos ited dur ing this main stage while quartz, Au and mi -
nor base-metal sul phide min er als came in late in the pro -
cess. The Con gress- and Howard-type min er al iza tion is
found in shear zones that fol low the con tact be tween sed i -
men tary rocks and vol ca nic units of the Cadwallader
Group. Min er al iza tion is made up of fis sure fill ings and re -
place ment bod ies and is dis con tin u ous along the shear zone 
(Fig ure 4). Prin ci pal sul phide min er als for this min er al iza -
tion in clude stibnite, which oc curs in sul phide clumps with
ar seno py rite, py rite (Fig ure 5) and sphalerite, and mi nor
sul phide min er als are ga lena, tetrahedrite, chal co py rite,
jamesonite, pyrrhotite, cin na bar and na tive Au (Maheux,
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Fig ure 3. Re flected light pho to graph at 5× mag ni fi ca tion of the Pe -
ter vein, show ing sul phide min eral equi lib ria. No tice that all sul -
phide min er als in this photo are in equi lib rium. Late-stage
refracturing of the veins by quartz-car bon ate has oc curred. Ab bre -
vi a tions: Asp, ar seno py rite; Cpy, chal co py rite; Gal, ga lena; Sph,
sphalerite.

Fig ure 4. Re flected-light pho to graph at 5× mag ni fi ca tion of the
Howard Sb de posit, show ing sphalerite in equi lib rium with py rite.
Ab bre vi a tions: Pyr, py rite; Sph,sphalerite.

Fig ure 5. Scan ning elec tron mi cro scope (SEM) im age of the Sum -
mit de posit, show ing ar seno py rite and py rite in equi lib rium. Ab bre -
vi a tions: Asp, ar seno py rite; Pyr, Py rite.



1989). The min eral paragenesis can be sum ma rized into
first-stage quartz-an ker ite±cal cite with py rite and ar seno -
py rite, de po si tion of quartz and mas sive stibnite, open
space filling by quartz-carbonate with minor tetrahedrite,
sphalerite, jamesonite and cinnabar, and late-phase Au
associated with stibnite as fracture filling and inclusions.

Mercury Association

Mer cury min er al iza tion, char ac ter ized by cin na bar, oc curs
along the Yalakom and Re lay Creek fault sys tems in the
north-north east re gion of the dis trict. The sed i men tary
rocks of the Tyaughton Ba sin and greenstone of the Bridge
River Com plex un der lie these de pos its. Cin na bar min er al -
iza tion in the brecciated con glom er ate (Fig ure 6) is as so ci -
ated with quartz, cal cite, li mo nite and clay min er als.
Smeared flakes of cin na bar are also pres ent on the walls
and gouges of faults (Silverquick de posit; Church, 1996).
Stibnite is also as so ci ated with cin na bar, and to gether they
oc cur in quartz veinlets and as dis sem i nated grains
(Manitou deposit; Schiarizza et al., 1997).

Previous Models for Sulphur and Fluid
Sources

Pos si ble sources for the min er al iz ing flu ids and S that
formed the de pos its and oc cur rences of the Bridge River–
Bralorne min eral dis trict in cluded the Coast Plutonic Com -
plex (Leitch et al., 1991a), ophiolite from the Bralorne–
East Liza ophiolite com plex (Ash, 2001), the Bendor
batholith (Church, 1996) and re ac ti vated faults (Schiarizza
et al., 1997). Geo chron ol ogy val ues from the Bralorne–Pi -
o neer Au veins in di cate that the age of min er al iza tion is
67 Ma (Hart et al., 2008). Since the ma jor ity of pluton em -
place ment of the Coast Plutonic Com plex oc curred around
90 Ma (Leitch et al., 1991a), it is ev i dently too old to pro -
vide heat and fluid sources for min er al iza tion. Ad di tion -
ally, the albitite dikes are also 90–85 Ma (Leitch et al.,
1991a), so they are >20 Ma older than min er al iza tion and
the Bralorne–East Liza ophiolite, which was thrust into the
zone dur ing the mid-Cre ta ceous de for ma tion (Leitch et al.,
1989). As a re sult, min er al iza tion can not be di rectly or ge -
net i cally re lated to these fea tures. The Bendor batholith,
with an age of 65 Ma, is ap par ently 2 Ma youn ger than the
min er al iza tion at 67 Ma (Hart et al., 2008), and is there fore
un re lated. The only geo log i cal event with the same age
(67 Ma) as the min er al iza tion is the re ac ti vated dextral
strike-slip faults, which are part of the Yalakom fault
system (Schiarizza et al., 1997).

Sulphur Isotopes

A S iso to pic study was con ducted to de ter mine the iso to pic
sig na ture of S in sul phide min er als, from a wide range of
de pos its and min eral oc cur rences through out the dis trict.
Anal y ses from 25 dif fer ent min eral oc cur rences and de pos -
its are pre sented, en com pass ing all three min er al iza tion

types (Fig ure 2). Most sam ples had more than one sul phide
min eral, and there fore pro vided an op por tu nity to ob tain
more than one iso tope anal y sis from a sin gle de posit. Fifty-
four S isotopic analyses are presented in Table 1.

In ad di tion, coun try rock sam ples of the main rep re sen ta -
tive units were an a lyzed for their S iso to pic com po si tion in
or der to pro vide a com par i son point for the min eral iso tope
data. Nine sam ples of coun try rock were taken dur ing field -
work in June 2008. Sam ples in clude CPC; Bendor
batholith; bi o tite schist, ba salt, gab bro and greywacke from 
the Bridge River Com plex; ba salt and albitite from the
Cadwallader Group; ser pen tin ite from the Bralorne
ophiolite com plex; and the Silverquick For ma tion shaly
sed i men tary rocks from the Tyaughton Basin.

Sam ples were an a lyzed by the mass spec trom e ter at the
United States Geo log i cal Sur vey (USGS) in Den ver, Col o -
rado, and in cluded sul phide min er als from each de posit
type and the sur round ing coun try rock (Fig ure 2). The se -
lected sul phide grains from the de pos its in clude py rite,
sphalerite, ar seno py rite, ga lena, pyrrhotite, stibnite and
cin na bar. Two S ex trac tion meth ods for whole-rock sam -
ples by Tuttle et al. (1986) and Sasaki et al. (1979) were
con ducted on the coun try rocks. The an a lyt i cal pro cess in -
volved a few steps of acid di ges tion, us ing a com bi na tion of 
dif fer ent ac ids, of the very finely crushed coun try rocks in
or der to con vert any S pres ent in the rock to Ag2S and
BaSO4, which was then analyzed by the mass spectrometer.

The range of the S iso to pic sig na tures for sul phide min er als
of all three de posit types col lec tively is from +4.3 to –9‰
(per mil; Ta ble 1). The Au de pos its and oc cur rences range
from +4.3 to –2.7‰ with a mean of +1, Sb-as so ci ated min -
eral oc cur rences from +0.2 to –9‰ with a mean of –3.8‰
and Hg at –6.2‰ (Fig ure 7). The Sb de pos its and oc cur -
rences had the most sam ples from a wide sam pling area,
which could ex plain the wider range in val ues, whereas the
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Fig ure 6. Re flected light pho to graph at 10× mag ni fi ca tion of the
Silverquick Hg de posit. Cin na bar is intergrown with specks of
wallrock. Cinn: Cin na bar.



Hg de posit only had one sam ple and one value. The majority
of the iso to pic val ues from the Au de pos its oc cur above
0‰, while the Sb val ues ex hibit a few dif fer ent clus ter
points, one oc cur ring around –6‰, one at –2.3 to –4.5‰
and one around –1‰. There are also out li ers at –8.8 and
–9‰ for Sb  min er al iza tion and –2 and +4.1‰ for Au
min er al iza tion. When sep a rated ac cord ing to de posit
type, the data show a clear pat tern of a de crease in the
heavier iso tope, which is move ment to ward lighter ra -
tios, from Au, through Sb, to Hg de pos its (Fig ure 7). The
dis tri bu tion of the iso tope pat terns cor re lates with the de -
posit-type dis tri bu tion, thus show ing a spa tial zonation
from west to east of a de crease in the heavier iso tope.

The whole-rock sig na tures of the nine coun try-rock
units yield a large range, from –21.7‰ for the
Silverquick For ma tion, to +14.1‰ for the Con gress ba -
salt (Ta ble 2; Fig ure 8). The sed i men tary units
(Silverquick For ma tion, Bridge River schist and

Bridge River greywacke) dis play highly neg a tive d34S
val ues at –21.7‰, an av er age of 17.65‰ and an av er -
age of –17.53‰, re spec tively. The two in tru sions, the
Coast Plutonic Com plex and the Bendor batholith,
yielded val ues of –0.4‰ and –1.7‰, re spec tively. The
ser pen tin ite yielded four mea sure ments, with an av er -

age of +4.45‰, ex hib it ing a slight en rich ment in d34S,
but still within the mag matic range (Ohmoto and Rye,
1979). The two ba salt units, Cadwallader ba salt and
Bridge River ba salt, do not show the same sim i lar ity in
S iso tope val ues that the other coun try rock groups (in -
tru sions and sed i men tary rocks) do. The Cadwallader
ba salt pro duced val ues with an av er age of +13.45‰,
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Table 1. Sulphur isotopes (listed as ‰ relative to Canon Diablo Triolite (CDT)) of deposits in the Bridge River–Bralorne mineral district.

Fig ure 7. Box-and-whis ker plot of de posit S iso tope sig na tures show ing
dis persal of data through out ranges. Min er al iza tion type pre sented from 
west to east, show ing the de crease in d34S spa tial zonation pat tern.



while the Bridge River ba salt has
val ues with an av er age of +3.4‰.

The iso to pic sig na tures for the
coun try rock are over all con sis tent
with pre vi ous stud ies (Ohmoto and
Rye, 1979) on S iso tope res er voirs,
and have the typ i cal sig na tures one
would ex pect. The one ex cep tion is
the Cadwallader ba salt, which has a

more pos i tive d34S than the ar che -
typal ba salt (usu ally closer to 0‰).

Geothermometry

Sul phur geothermometry is the
mea sure ment of the tem per a ture of
equil i bra tion, and is based on the
frac tion ation of S iso topes be tween
two com pounds, such as PbS and
ZnS (Seal, 2006). For this cal cu la -
tion to be ac cu rate, the com pounds
must be in equi lib rium with each
other, and must also not have un der -
gone re-equil i bra tion or alteration.
The tem per a ture de pend ence of the frac tion ation fac tors

must be known and pure min er als must be sep a rated for iso -

to pic anal y sis (Seal, 2006). The tem per a ture is cal cu lated

by mea sur ing the dif fer ence in the d34S val ues of two sul -

phide min er als in equi lib rium and plot ting the re sult on a

graph show ing the equi lib rium con stant and iso tope frac -

tion ation fac tor as a func tion of tem per a ture. Py rite is gen -

er ally not as re li able as it tends to be in equi lib rium across a
range of tem per a tures (Ohmoto and Rye, 1979; Rye and
Ohmoto, 1974; Seal, 2006). For this ex er cise, py rite-ga lena 
and pyrite-sphalerite will be used as there are no sphalerite-
galena pairs.

The data are pre sented in Ta ble 3. It shows that there are no
con sis ten cies in tem per a tures be tween the min er al iza tion
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Table 2. Sulphur isotopes (listed as ‰ relative to CDT) of country rock in the Bridge River–
Bralorne mineral district.

Fig ure 8. Plot of coun try rock iso tope sig na tures. Sam ples or ga nized from west to east.



types. The one value for Au is ex tremely low at 170°C. An -
ti mony min er al iza tion types dis play a very large range,
from 146 to 627°C, with out clus ter ing around any one tem -
per a ture. The cal cu lated tem per a ture val ues for these de -
pos its and oc cur rences are in con sis tent with the known
mod els for not only this dis trict (Maheux 1989; Leitch et al.
1991b), but for orogenic Au de pos its in general (Groves et
al., 2003).

Fig ure 9 shows pre vi ously cal cu lated fluid-in clu sion tem -
per a ture data for the min er al iza tion types in the dis trict. The 
Au de pos its are hot, rang ing from 280 to 365°C, the Sb de -
pos its are cooler with a range of 220 to 300°C and Hg de -
pos its are the cool est with min er al iz ing fluid tem per a tures
around 190°C. These tem per a tures are more within the ex -
pected range for this type of hy dro ther mal sys tem. There
are many in con sis ten cies be tween the data in Fig ure 9 and
Ta ble 3. The Au tem per a ture in Ta ble 3 (us ing sul phide
pairs) is 200°C cooler than the tem per a tures
in Fig ure 9 (us ing fluid in clu sions). The Sb
min er al iza tion dis plays a much smaller
range in Fig ure 9 than in Ta ble 3, but there is
a small over lap be tween the two ranges;
Robson (RBS) in Ta ble 3 has a cal cu lated
tem per a ture of 231°C, which is on the lower
end of the Fig ure 9 range. The main prob lem
with the data in Ta ble 3 is that it was cal cu -
lated us ing sul phide pairs that are not the
rec om mended pairs (sphalerite and ga lena),
and all pairs in volved py rite, which is the
least re li able of the sul phide min er als used
for that method of cal cu la tion. Un for tu -
nately, the pairs used were the best possible
pairs out of the analyzed sul phide min er als.

Discussion

Sul phur iso topes can be ex tremely use ful for es tab lish ing
the gen e sis of an ore de posit, and can ad di tion ally pro vide
in for ma tion on the tem per a ture of min er al iza tion, chem i cal 
con di tions and mech a nisms of ore de po si tion and the
source of the S in the ore-form ing fluid (Ohmoto and Rye,
1979). A pre vi ous S iso tope study on the Bralorne–Pi o neer
Au de posit by Leitch et al. (1991b) was in ter preted to show
that the flu ids were pri mar ily mag matic and meta mor phic,
but had a component of late-stage meteoric mixing.

The S iso to pic sig na tures of the min er al iza tion types and
their dis tri bu tions from west to east across metal zones that
char ac ter ize the dis trict can re sult from an in creas ing re ac -
tion of the min er al iz ing flu ids with the S in the coun try
rock. As there are a va ri ety of coun try rocks sur round ing
the min er al iza tion types, there are also a va ri ety of S
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Table 3. Temperature estimates using the sulphide-pair method from Seal (2006).

Fig ure 9. Tem per a tures of de pos its cal cu lated from fluid-in clu sion stud ies by
Maheux (1989) and Leitch et al (1991b).



sources. The as sump tion was made that there would be
mix ing of S from dif fer ent sources, com bin ing to pro duce a
unique S iso tope value. It seems un likely that as fluid trav -
els along a path way, it only scav enges S from one source,
un less one rock type is en riched in S or that S is more ac ces -
si ble/sol u ble. Mix ing of the S be tween two very dif fer ent
iso to pic sources, for ex am ple, ser pen tin ite (+4.4‰) of the
Bralorne ophiolite com plex and greywacke of the Bridge

River Com plex (–19‰), would re sult in a d34S some where
in be tween those two values, depending on the fluid
chemistry at the time.

To es tab lish the con tri bu tions that coun try rock S makes to -
ward the S in the sul phide min er als of the de pos its, de posit
iso tope val ues were as signed to its coun try rock host value.
In the case where there was more than one coun try rock, a
com bined value was cal cu lated. This was done us ing geo -
log i cal in for ma tion from Maheux (1989), Leitch et al.
(1991b), Church (1996), Schiarizza et al. (1997) and Ash
(2001), and is dis played in Fig ure 10. The re sult gen er ates a 
pos i tive slope, show ing a cor re la tion be tween the coun try
rocks and the min er al iz ing flu ids, em pha siz ing that the
coun try rock S iso tope sig na ture af fects the de posit iso tope

sig na ture. The de creas ing d34S pat tern in Fig ure 7 can be in -
ter preted to sug gest that there is an in crease in a re duced S
source, which is en riched in 33S over 34S. Since re duced S
sources are gen er ally sed i men tary in or i gin (Ohmoto and
Rye, 1979), this means an in crease in sed i men tary rock in -
ter ac tion from west to east is likely. The tem per a ture data in
Fig ure 9 also shows a dis tri bu tion from west to east, with
flu ids hot ter in the west and cooler in the east. There fore,
the trend from west to east from Au de pos its through to Hg
de pos its is a gen eral trend that re sults from higher amounts
of fluid–coun try rock in ter ac tions and indicates that the

mineral occurrences get the
majority of their S from the
adjacent country rocks.

A sim i lar study was per -
formed on anal o gous Au
de pos its in south east ern
Alaska on the west side of
the Coast Plutonic Com -
plex, which also found a
cor re la tion be tween the S
iso to pic ra tios of the coun -
try rock and the Au min er al -
iza tion (Goldfarb et al.,
1997). Gold veins dated at
55–66 Ma post date the ini -
tial pe riod of col li sion by
100 Ma, and were emplaced 
at depths of 3–10 km with
vein for ma tion tem per a -
tures of 225–375°C. De pos -

its that were hosted in diorite had val ues that clus tered
around 0‰, while veins hosted in argillite showed ranges
of –6 to –12‰. The con clu sion of this study was that the
nearby sed i men tary rocks pro vided the source for the ma -
jor ity of the S in the ore-bear ing flu ids, with pos si ble ig ne -
ous rock-hosted con tri bu tions. While Goldfarb et al.
(1997) stated that there was a pos si bil ity of a small fluid
con tri bu tion from the prox i mal calcalkaline in tru sions, it
was also con cluded that on a broader scale, this hy dro ther -
mal ac tiv ity could be re lated to ris ing crustal tem per a tures
as so ci ated with on go ing col li sion, meta mor phism and
crustal de hy dra tion. Con sid er ing the Bridge River–
Bralorne min eral dis trict is lo cated on the east ern edge of
the Coast Plutonic Com plex, which was a mag matic arc
that con tin ues up into south ern Alaska, it is likely that the
meta mor phism that gen er ated crustal de hy dra tion oc cur -
ring in south east ern Alaska also took place in southwestern
BC, thus providing metamorphogenic crustal hy dro ther -
mal fluids.

A meta mor phic or i gin of ore-form ing flu ids has been pro -
posed at a num ber of large-scale orogenic lode-Au de pos its
around the world, in clud ing the Mother Lode dis trict in the
North Amer i can Cor dil lera and Macraes Flat in the Otago
Prov ince, New Zea land. Ni tro gen, hy dro gen and ox y gen
iso tope stud ies in di cated that meta mor phic de hy dra tion re -
ac tions of subduction-ac cre tion com plexes along the North
Amer ica Cor dil lera re sulted in di lute-aque ous, car bonic flu -
ids (Jia et al., 2003). A S iso tope study on the Macraes Flat

Au de posit in the Otago Prov ince found that the d34S of the
sul phide min er als from the de posit had a nar row range of –3
to –1‰, while the Otago schist had a range of –6 to +6‰,
sug gest ing that the S was de rived from the schist (Craw et al., 
1995). A later study dis cov ered a de ple tion in ore-form ing
el e ments be tween the greenschist and am phi bo lite fa cies
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Figure 10. Graph show ing the cor re la tion be tween coun try rock and de posit S iso tope sig na tures.



rocks in the Otago schist, and an en rich ment in the same el e -
ments in the orogenic Au de pos its in Otago (Pitcairn et al.,
2006), sug gest ing that the metamorphically de rived ore-
form ing flu ids scav enged the el e ments from those rocks, de -
pos it ing them fur ther along the fluid path way.

From the geo log i cal and S iso tope in for ma tion in the
Bridge River–Bralorne min eral dis trict, it can be as sumed
that there is one fluid source for all three de pos its, with the
Au de pos its the clos est to this source, in re la tion to the other 
min er al iza tion types, the Sb an in ter me di ate dis tance and
the Hg the far thest away. The re ac ti vated dextral strike-slip
faults were ac tive at the time of min er al iza tion (67 Ma).
There fore, they would pro vide the per fect fluid con duits
for a deeper crustal, meta mor phic source of flu ids, which
ac cord ing to the cor re la tion be tween the coun try rock S and 
de posit S, was clos est to the Au de pos its and oc cur rences,
then trav elled up and out wards, to ward the Sb and Hg oc -
cur rences. The tem per a ture data (Fig ure 9) also sup ports
this con clu sion, as it shows the Au min er al iza tion formed
from the hottest fluids, Sb from the intermediate and the Hg
from the coolest.

The ini tial d34S of the flu ids may have started out at +4‰,
and as this fluid trav elled up the fluid con duits, it in ter acted

with the coun try rock S, and evolved its d34S. Since the S in
the flu ids form ing the Au min er al iza tion have had the least
op por tu nity to re act with the S in the coun try rock, and the
dom i nant rock type along the Bralorne fault zone is gab bro,

the d34S is clos est to +4‰, only de vi at ing a small amount
from this value, which is to be ex pected as re ac tions will oc -
cur be tween the fluid and the coun try rock when a fluid
trav els along its path. The Sb min er al iza tion has a more

neg a tive d34S than the Au, which is a re sult of a higher
amount of S sourced from the ba salt and sed i men tary-dom -
i nant coun try rocks along the Hg fault zones. The Hg min -

er al iza tion has the over all most neg a tive d34S out of the
three min er al iza tion types; con se quently, the flu ids have
pur loined the most S from the coun try rocks, which are sed -
i men tary rocks from the Tyaughton Ba sin.

Conclusions

The Bralorne–Bridge River min eral dis trict is one of the
most sig nif i cant his tor i cal lode-Au pro duc ers in BC, and
re gion ally dis plays a char ac ter is tic metal zonation from
west to east of Au through Sb- to Hg-as so ci ated min er al iza -

tion. Each min er al iza tion has a char ac ter is tic range of d34S
val ues, from +4.3 to –2.7‰ for Au, from +0.2 to –9‰ for

Sb and –6.2‰ for Hg that dis play a de creas ing d34S pat tern

from west to east. When the de posit sul phide min eral d34S
val ues are com pared with their re spec tive hostrocks, a cor -
re la tion was found that dem on strates an in creas ing re ac tion 
of the coun try rock S with the S in the flu ids and re flects the
dif fer ent types of hostrocks. When the S iso tope pat terns
are com bined with the cool ing tem per a ture trend of min er -

al iz ing flu ids from west to east, it pro vides ev i dence of one
fluid source for the three dominant types of mineralization
in the district.

The de duc tion of a fluid source for this re gion is sim i lar to
the crustal con tin uum model (Groves et al., 1998), which
states that Sb and Hg min er al iza tion are higher crustal,
epizonal equiv a lents to the mesozonal orogenic Au de pos -
its that all formed from one fluid source that trav elled along
the same fluid path way. As sum ing this model is true to this
dis trict, there is a pos si bil ity that there are hypozonal Au
de pos its some where in the re gion un der neath Sb and Hg
de pos its in the Bralorne–Bridge River mineral district.

In con clu sion, a sin gle, deep-crustal fluid source for all
three types of de pos its flowed up along re ac ti vated strike-
slip faults, scav eng ing S from the coun try rock as it went.
There fore, there are dif fer ent S sources for each de posit

type, but each type has its own dis tinc tive d34S range, mak -
ing it iden ti fi able. This im pacts the ap proaches to re gional
ex plo ra tion strat e gies as the most pro spec tive Au de pos its

will have a more pos i tive d34S, which can easily be
determined.
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Introduction

Volcanogenic strata of the mid-Pa leo zoic Sicker Group on
Van cou ver Is land (Fig ure 1) oc cur in sev eral dis tinct base -
ment highs (re ferred to herein as ‘up lifts’). These rocks
host the world-class Myra Falls volcanogenic mas sive sul -
phide (VMS) de posit (com bined pro duc tion and proven
and prob a ble re serves in ex cess of 40 mil lion tonnes of Zn-
Cu-Au-Ag sulphides), as well as nu mer ous other VMS de -
pos its and oc cur rences, in clud ing those in the Big Sicker
Moun tain area in the south east ern part of the Cowichan
Lake up lift (Fig ure 1). Three of these de pos its in the
Cowichan Lake up lift, the Lenora, Tyee and Rich ard III
(MINFILE oc cur rences 092B  001, 092B  002, 092B  003;
MINFILE, 2008) have seen lim ited his tor i cal pro duc tion.
The Lara de posit (MINFILE oc cur rence 092B  129), far -
ther to the north west, also con tains a sig nif i cant drill-in di -
cated re source of 1 146 700 tonnes grad ing 3.01% Zn,
1.05% Cu, 0.58% Pb, 32.97 g/t Ag and 1.97 g/t Au (Kelso et 
al., 2007). Geo log i cal map ping (Massey and Fri day, 1987;
Mortensen, 2005; Ruks and Mortensen, 2006) sug gests that 
the the Big Sicker Moun tain area con sists mainly of de -
formed mafic to fel sic vol ca nic and volcaniclastic rocks of
the Nitinat and McLaughlin Ridge for ma tions, and high-
level in tru sions of the Saltspring in tru sive suite, as well as
abun dant gabbroic dikes and sills of the Tri as sic Mount
Hall gab bro (Fig ure 2). Re cent geo log i cal map ping in the
Cowichan Lake up lift (this study) has been a con tin u a tion

of our ef forts to de velop a strati graphic frame work for
Sicker arc de vel op ment and VMS min er al iza tion in the
Sicker Group. Work con ducted on Cowichan Lake up lift
min eral ten ure owned by pro ject spon sors Trea sury Met als
Inc. and Westridge Re sources Inc. con cen trated on re solv -
ing the geo log i cal set ting and age of the Lara VMS de posit
and other VMS oc cur rences in the area, as well as ex am in -
ing new bed rock ex po sure cre ated by re cent log ging ac tiv -
ity. Re con nais sance field work on new bed rock ex po sure
owned by Westridge Re sources Inc. cul mi nated in the dis -
cov ery of a new, polymetallic VMS oc cur rence. Map ping
in the Mount Brenton area by Trea sury Met als Inc. has
iden ti fied a pro spec tive zone where in tensely seri cite-al -
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Fig ure 1. Dis tri bu tion of Pa leo zoic strata of the Sicker and Buttle
Lake groups on Van cou ver Is land and the Gulf Is lands.
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tered and py rite-min er al ized fel sic ash tuff is over lain, in
turn, by si lici fied argillite and a chlorite-al tered ash tuff of
in ter me di ate com po si tion. A sim i lar geo log i cal set ting is
as so ci ated with mas sive sul phide min er al iza tion at the
Lenora de posit (Ruks and Mortensen, 2006). Geo log i cal
map ping and sam pling were also fo cused in the vi cin ity of
the Lady A iron for ma tion (Trea sury Met als Inc.; MINFILE 
092B  033). The Lady A is sim i lar to other iron for ma tions
oc cur ring in rocks that are stratigraphically above VMS
min er al iza tion at the Lenora, Tyee and Rich ard III oc cur -
rences, and is be lieved to rep re sent ox ide-fa cies iron min er -
al iza tion re lated to hy dro ther mal min er al iz ing sys tems
sim i lar to those that formed the un der ly ing VMS de pos its.
Re solv ing the tim ing of iron for ma tion min er al iza tion in
the Sicker Group is crit i cal for es tab lish ing the du ra tion of
VMS-re lated hydrothermal activity.

Geo log i cal map ping in the Cowichan Lake up lift of the
Port Alberni area (Massey and Fri day, 1989) in di cates that
this area is largely un der lain by ba salt to ba saltic an de site
vol ca nic rocks of the Duck Lake and Nitinat for ma tions, re -
spec tively, in ad di tion to fel sic tuffaceous volcaniclastic
rocks be long ing to the McLaughlin Ridge For ma tion.
McLaughlin Ridge For ma tion rocks in the Port Alberni
area are in ter preted to rep re sent de po si tion dis tal from a
vol ca nic cen tre, which is thought to be rep re sented in the
Saltspring Is land–Cowichan Lake area by fel sic in tru sive
rocks of the Saltspring in tru sive suite (Massey and Fri day,
1989). How ever, geo log i cal map ping of new ex po sures in
the Port Alberni area (this study) in di cates that fel sic vol ca -
nic rocks of po ten tial McLaughlin Ridge For ma tion age are 
pres ent in sig nif i cant quan ti ties, ne ces si tat ing a re in ter pre -
ta tion of the nature of the Sicker Group and its VMS
potential in the Port Alberni area.

Sed i men tary, mafic vol ca nic and car bon ate rocks of the
Nanoose up lift have been ten ta tively cor re lated with both
the Sicker and Buttle Lake groups (Yorath et al., 1999).
How ever, no geo chron ol ogi cal or biostratigraphic sam -
pling has dem on strated an age that fa cil i tates com par i sons
with the Sicker Group. To re solve out stand ing strati graphic 
prob lems in the Nanoose up lift, re con nais sance field work
in the area this sum mer fo cused on sam pling pro spec tive
rock types for geo chron ol ogy and biostratigraphy. Of par -
tic u lar im por tance is re solv ing the age of mafic volcanic
rocks in the area.

Map ping in the Hesquiat and Gold River ar eas, on the Do -
rado and Dragon prop er ties (Paget Re sources Cor po ra tion;
Fig ure 1), has iden ti fied sev eral new VMS oc cur rences
hosted in po ten tial Sicker Group rocks. Geo log i cal map -
ping and sam pling on the Dragon prop erty by pre vi ous
work ers in di cates the pres ence of sev eral polymetallic mas -
sive sul phide lenses with grades up to 7.33% Zn, 1.34% Pb,
173 ppm Cu, 680 ppb Au and 19.2 g/t Ag over a 2 m thick -
ness (Jones, 1997). Geo log i cal map ping of the Do rado and

Dragon prop er ties in di cates that mafic and fel sic vol ca nic
rocks and con tained VMS min er al iza tion are over lain by
vol cano-sed i men tary and car bon ate rocks, in clud ing cal -
car e ous tuffaceous sed i men tary rocks and fossiliferous
lime stone, re spec tively. No where else in the Sicker Group
are car bon ate rocks ob served to di rectly, and ap par ently
con form ably, over lie fel sic vol ca nic rocks and VMS min er -
al iza tion. This re la tion ship in di cates that rad i cal strati -
graphic dif fer ences ex ist be tween rocks of the Dragon
prop erty and better stud ied ex po sures of the Sicker Group
in the Cowichan Lake and Myra Falls ar eas. These strati -
graphic dif fer ences may be ex plained by large changes in
vol ca nic and sedimentological fa cies or the presence of an
unrecognized cycle of arc magmatism and VMS
mineralization on Vancouver Island.

The 2008 field work in the Sicker Group com menced in
early Au gust and fin ished in mid-Oc to ber 2008. In for ma -
tion per tain ing to the Do rado prop erty of Paget Re sources
Cor po ra tion is based on field work con ducted in 2007. Both
re con nais sance and de tailed geo log i cal map ping, to gether
with sam pling for lithogeochemistry, U-Pb zir con dat ing,
and Nd, Hf and Pb iso to pic stud ies, were con ducted in the
Cowichan Lake, Port Alberni, Nanoose, Gold River and
Hesquiat ar eas over this pe riod. This re port pres ents a sum -
mary of this field work, with em pha sis on key strati graphic
re la tion ships and areas of economic importance.

Regional Geology of the Sicker Group

The mid-Pa leo zoic Sicker Group on south ern and cen tral
Van cou ver Is land rep re sents the old est rocks in the
Wrangellia Terrane. Equiv a lents of the Sicker Group are
not pres ent in Wrangellia in north west ern Brit ish Co lum -
bia, south west ern Yu kon and south ern Alaska, where the
old est rock units are the Skolai Group, which is no older
than Penn syl va nian (e.g., Katvala, 2006). This, and other
dif fer ences be tween the Wrangellian stra tig ra phy on Van -
cou ver Is land and that in more north erly ex po sures, em pha -
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Fig ure 2. Strati graphic no men cla ture for the Sicker and Buttle
Lake groups on Van cou ver Is land (Yorath et al., 1999).



size the lack of un der stand ing re gard ing much of
Wrangellia (e.g., Katvala, 2006) and the need for fur ther
stud ies. The Cowichan Lake up lift on Van cou ver Is land
and ad ja cent por tions of the Gulf Is lands is the larg est of
four up lifts that ex pose the Sicker and overlying late
Paleozoic Buttle Lake groups (Figure 1).

Pre vi ous de tailed stud ies of the Sicker Group have fo cused
mainly on the strati graphic set ting of VMS min er al iza tion
at the Myra Falls de pos its in the Buttle Lake up lift (Fig -
ure 1; e.g., Juras, 1987; Barrett and Sherlock, 1996). Re -
gional map ping of the Cowichan Lake up lift by Massey and 
Fri day (1987, 1989) and Yorath et al. (1999) led to a strati -
graphic frame work that may be ap pli ca ble to the en tire
Sicker Group (Fig ure 2). This frame work, how ever, is
based on map ping in only one of the four main up lifts of
Sicker Group rocks, and is sup ported by a lim ited amount
of biostratigraphic and iso to pic age data (e.g., Brandon et
al., 1986). Ma jor along- and across-strike fa cies changes
and geo chem i cal vari a tions are to be ex pected in sub ma rine 
vol ca nic se quences such as the one that forms the Sicker
Group; hence, the re gional ap pli ca bil ity of the strati graphic 
frame work of Yorath et al. (1999) must be tested with de -
tailed map ping and sub se quent lithogeochemical and U-Pb
dat ing stud ies. This is crit i cal for re gional ex plo ra tion for
VMS de pos its within the Sicker Group. For ex am ple, the
ques tions of whether VMS de pos its and oc cur rences in the
Cowichan Lake up lift are all of the same age, and whether
their hostrocks are di rectly cor re la tive with those that host
the Myra Falls deposit, are of obvious importance.

The Sicker Group within the Cowichan Lake up lift is pres -
ently in ter preted to rep re sent three dis tinct vol ca nic and
volcaniclastic as sem blages that to gether are thought to re -
cord the evo lu tion of an oce anic mag matic arc (Massey,
1995; Yorath et al., 1999). The low er most Duck Lake For -
ma tion yields mainly nor mal mid-ocean-ridge ba salt (N-
MORB) geo chem i cal sig na tures (Massey, 1995) and is in -
ter preted to rep re sent the oce anic-crust base ment on which
the Sicker arc was built. The up per por tions of the Duck
Lake For ma tion yield tholeiitic to calcalkaline com po si -
tions and may rep re sent prim i tive arc rocks. The Duck Lake 
For ma tion is over lain by the Nitinat For ma tion, which
com prises mafic, sub ma rine vol ca nic and volcaniclastic
rocks with dom i nantly calcalkaline com po si tions and
trace-el e ment sig na tures typ i cal of vol ca nic arc set tings.
These rocks are in ter preted as an early stage of arc de vel op -
ment. The andesitic to mainly dacitic and rhyolitic
McLaughlin Ridge For ma tion over lies the Nitinat and is
be lieved to be cor re la tive with the Myra For ma tion, the
hostrocks for the Myra Falls de pos its (Fig ure 2). Rocks of
the McLaughlin Ridge and Myra for ma tions re flect a more
evolved stage of arc ac tiv ity. Erup tion of Nitinat vol ca nic
and volcaniclastic rocks ap pears to have oc curred from
sev eral widely scat tered cen tres, whereas the McLaughlin
Ridge For ma tion within the Cowichan Lake up lift is

thought to rep re sent erup tion from one or more ma jor vol -
ca nic ed i fices. The abun dance of prox i mal fel sic
volcaniclastic rocks and the pres ence of vo lu mi nous
comagmatic fel sic in tru sions in the Saltspring Is land and
Duncan ar eas (Fig ure 1) in di cate that one of these ma jor
vol ca nic cen tres was lo cated in this area. Plant fos sils in di -
cate that at least a mi nor amount of the McLaughlin Ridge
vol ca nism oc curred in a subaerial set ting. In the Port
Alberni area, the McLaughlin Ridge For ma tion has pre vi -
ously been in ter preted to com prise fel sic, fine-grained
tuffaceous volcaniclastic and epiclastic rocks, sug gest ing
de po si tion dis tal from a vol ca nic cen tre. The iden ti fi ca tion
of sig nif i cant quan ti ties of prox i mal fel sic vol ca nic rocks in 
the Alberni area this year sug gests that an ad di tional fel sic
vol ca nic cen tre may be lo cated in the Port Alberni area. De -
po si tion of sed i men tary and vol cano-sed i men tary rocks of
the over ly ing Fourth Lake For ma tion of the Buttle Lake
Group fol lowed the ces sa tion of Sicker arc magmatism, and 
scarce mafic vol ca nic rocks con tained within the Fourth
Lake For ma tion yield en riched tholeiitic rather than the
calcalkal ine composi t ions that  character ize  the
McLaughlin Ridge. Massey (1995) speculated that the
Buttle Lake Group may represent a marginal-basin
assemblage that developed on top of the Sicker arc.

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

Rocks in the Nanoose up lift (Fig ure 1) have been ten ta -
tively cor re lated with both the Sicker Group and the Buttle
Lake Group, and com prise fine clastic rocks, chert,
diabasic to andesitic vol ca nic rocks and lime stone (Yorath
et al., 1999). A fos sil sam ple from crinoidal lime stone in the 
Nanoose up lift pro vided brachi o pods that yielded a Perm -
ian age and fusulinids that yielded a Mid dle Penn syl va nian
age (Mul ler, 1980). How ever, diabasic and andesitic pil low 
lavas in the area have un known strati graphic af fin i ties. On
the Ballenas Is lands, how ever, these pil low lavas are as so -
ci ated with green and grey chert, and are interbedded with a
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red tuff brec cia which con tains both scoriaceous mafic vol -
ca nic clasts and crinoidal lime stone clasts. The as so ci a tion
be tween mafic flows, chert and a con spic u ous brec cia unit
con tain ing crinoidal lime stone clasts is strik ingly sim i lar to
geo log i cal re la tion ships ob served in the Lacy Lake–Horne
Lake re gion (Ruks and Mortensen, 2007), suggesting a
potential correlation between the two areas.

The age and stra tig ra phy of rocks un der ly ing the Dragon
and Do rado prop er ties, in the vi cin ity of Gold River and
Hesquiat, re spec tively, is poorly con strained. The Dragon
prop erty is lo cated ap prox i mately 80 km west of Camp bell
River, 20 km north west of Gold River and 65 km north west
of the Myra Falls mine of Break wa ter Re sources Ltd. (Fig -
ure 1). Re gional map ping of the Dragon prop erty area by
Mul ler (1977) in ter preted the rocks un der ly ing the Dragon
prop erty as am phi bo lite-grade meta mor phic rocks be long -
ing to the Westcoast Crys tal line Com plex. Mul ler de -
scribed the Westcoast Crys tal line Com plex as am phi bo lite-
faces meta mor phic rocks be long ing to the Mid dle Pa leo -
zoic Sicker Group, the Late Pa leo zoic Buttle Lake Group
and the Tri as sic Karmutsen For ma tion. Af ter the dis cov ery
of mas sive sulphides in float on the Dragon prop erty by
pros pec tor E. Specogna, work by Noran da ge ol o gists cul -
mi nated in the dis cov ery of the Falls and North VMS oc cur -
rences (Kemp and Gill, 1993). Fur ther geo log i cal map ping
and di a mond-drill ing by Noran da and Westmin ge ol o gists
in di cated that these show ings, with grades up to 7.33% Zn,
1.34% Pb, 173 ppm Cu, 680 ppb Au and 19.2 g/t Ag over a
2 m thick ness, are as so ci ated with the con tact zone be tween 
un der ly ing bi modal vol ca nic rocks and over ly ing sed i men -
tary rocks and lime stone (Jones, 1997). Vol ca nic rocks of
the Dragon prop erty that un der lie mas sive sul phide min er -
al iza tion con sist of mas sive, flow-banded rhy o lite, an de site 
and tuffaceous fel sic and in ter me di ate vol ca nic rocks. Sed -
i men tary and car bon ate rocks over ly ing and interlayered
with mas sive sul phide min er al iza tion on the Dragon
property consist of chert, mudstone, calcareous mudstone,
fossiliferous felsic tuff, fossiliferous wackestone and
marble.

The Do rado prop erty is lo cated ap prox i mately 17 km north
of the vil lage of Hesquiat, on the west coast of Van cou ver
Is land. Like the Dragon prop erty, rocks un der ly ing the Do -
rado prop erty were orig i nally in ter preted by Mul ler (1977)
as am phi bo lite-fa cies meta mor phic rocks as signed to the
Westcoast Crys tal line Com plex. How ever, geo log i cal
map ping of the area by Mar shall et al. (2006) has shown the
re gion to be un der lain by abun dant mafic vol ca nic rocks of
po ten tial Sicker Group af fin ity, and by sed i men tary and
car bon ate rocks of po ten tial Buttle Lake Group af fin ity.
Fol low ing up on re ports by Mar shall et al. (2006) of
polymetallic VMS-style stockwork min er al iza tion in the
area, Paget Re sources Cor po ra tion staked the Do rado prop -
erty and soon af ter dis cov ered sev eral polymetallic mas sive 
sul phide oc cur rences. Mas sive sul phide min er al iza tion on

the Do rado prop erty is as so ci ated with the con tact be tween
mas sive, vari ably sil ica-al tered, clinopyroxene- and feld -
spar-phyric andesite and overlying tuffaceous, volcano-
sedimentary rocks.

Results of New Fieldwork in the Cowichan
Lake Area

Map ping for 2008 field work was con ducted us ing ESRI’s
ArcPad™ 7 on a Hewlett-Packard IPaq HX4700 Pocket PC 
wirelessly con nected to a GlobalSat® BT-359W Bluetooth
GPS re ceiver. The BC Geo log i cal Sur vey’s re gional ge ol -
ogy com pi la tion for UTM Zone 10, south west ern BC, as
well as nu mer ous geo log i cal maps de rived from min eral
ex plo ra tion as sess ment re ports, were used for reference
(Massey et al., 2005).

Westridge Resources Inc.

Due to fire-sea son ac cess re stric tions dur ing this field sea -
son, only 1 day has been spent on Westridge Re sources Inc.
ground thus far. As a re sult, ad di tional work on the
Westridge Re sources min eral ten ure is planned for late No -
vem ber of 2008. Work car ried out thus far has con cen trated
on re solv ing the geo log i cal set ting of the Breen Lake mas -
sive sul phide oc cur rences (MINFILE 092B  090; Figure 3).

The Breen Lake area is un der lain by east-strik ing, steeply
dip ping, andesitic and rhyolitic vol ca nic rocks that have
been in truded by gab bro. The most pro spec tive mas sive
sul phide min er al iza tion dis cov ered to date in the Breen
Lake area is the Jane show ing. This show ing con sists of two 
adits re ported to in ter sect sev eral mas sive sul phide lenses
(pyrrhotite-sphalerite-chal co py rite) up to 0.46 m wide and
1.52 m long, of which a 0.91 m sam ple as sayed 16.1% Zn
(Fyles, 1950; Pattison and Money, 1988). The adits of the
Jane show ing were lo cated dur ing the 2008 site visit, but no
sul phide min er al iza tion could be found due to infill of the
adits with over bur den. The adits are col lared in a zone of
strongly fo li ated fel sic ash tuff, which is pre sumed to be the
host to the min er al iza tion. Ap prox i mately 500 m to the east
of the Jane adit, a new mas sive sul phide show ing was dis -
cov ered in new ex po sure cre ated by re cent log ging-road
con struc tion at the north end of Breen Lake. This show ing
con sists of a 10–20 cm wide band of mas sive py rite, chal co -
py rite and trace sphalerite min er al iza tion hosted in a seri -
cite- and chlorite-al tered, in ter me di ate to dacitic ash tuff
(Fig ure 4). Much of the show ing is cov ered by road-build -
ing ma te rial and over bur den, so the true size of the min er al -
iza tion re mains to be es tab lished. Ad di tional work to be
con ducted on Westridge Re sources ground this win ter will
fo cus on eval u at ing the geo log i cal set ting of this new dis -
cov ery, as well as that of other min eral oc cur rences in the
vi cin ity. Par tic u lar at ten tion will be given to mapping new
exposures of Sicker Group stratigraphy created by recent
logging-road construction in the area.
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Treasury Metals Inc.

Work con ducted on Trea sury Met als Inc. ground this field
sea son (the ‘Lara prop erty’) fo cused on vis it ing known
min eral oc cur rences with the goal of es tab lish ing their geo -
log i cal set ting and age, as well as on con duct ing field work
in ar eas of new ex po sure cre ated by log ging-road con struc -
tion. Un for tu nately, due to a de pressed for estry mar ket dur -
ing the past few years, very lim ited log ging has been con -
ducted on the Lara prop erty and, as a re sult, there has been
lit tle new ex po sure cre ated since the last main phase of ex -
plo ra tion on the prop erty in the 1980s by Lara mide Re -
sources Inc., Abermin Re sources Corp. and Minnova Inc.
How ever, for estry com pa nies have re cently marked much
of the Lara prop erty for log ging, so there is a good chance
that new bed rock exposures will be created there in the near 
future.

The Lara prop erty hosts many VMS oc cur rences, the most
no ta ble of which is the Lara VMS de posit or Cor o na tion
trend (Fig ure 3). It con sists of two main zones, the Cor o na -

tion and Cor o na tion Ex ten sion zones, col lec tively re ferred
to as the Cor o na tion trend, that com bine for an in di cated re -
source at a 1% Zn cut-off of 1 146 700 tonnes at 3.01% Zn,
1.05% Cu, 0.58% Pb, 32.97 g/t Ag and 1.97 g/t Au (Kelso et 
al., 2007). Sul phide min er al iza tion of the Cor o na tion and
Cor o na tion Ex ten sion zones is hosted by strongly si lici -
fied, coarse-grained rhy o lite crys tal tuff and ash tuff (Kelso
et al., 2007). Sur face map ping and sam pling of two Cor o -
na tion zone trenches was con ducted dur ing this study. The
wes tern most trench mapped in the Cor o na tion zone (UTM
Zone 10, 433489E, 5414841N, NAD83) is a flooded pit
with sparse bed rock ex po sure at its north end (Fig ure 5a).
Here, dark grey to black, me dium-grained mas sive
sulphides, con sist ing of 95% black sphalerite and 5% chal -
co py rite, are in sharp con tact with an in tensely sil ica- and
seri cite-al tered fel sic ash tuff con tain ing trace to 0.5%
quartz and feld spar crys tals up to 3 mm in size (Fig ure 5a).
Bed ding in this al tered tuff dips steeply to the north. Mas -
sive sul phide min er al iza tion in this pit con tains elon gated
blebs of car bon ate up to 2 cm wide and 10 cm long. The
east ern most trench mapped in the Cor o na tion zone (UTM
Zone 10, 433558E, 5414824N) con tains sim i lar, me dium-
grained, mas sive sul phide min er al iza tion com pris ing
abun dant black sphalerite with lesser chal co py rite and py -
rite (Fig ure 5b). This min er al iza tion is hosted within a
strongly si lici fied fel sic crys tal tuff with 2% quartz crys tals
up to 2 mm in size and abun dant bull-quartz vein ing (up to
30 cm in width). Sig nif i cant struc tural com plex ity is ex -
posed in this trench, with fel sic tuff on the east side of the
mas sive sulphides be ing ob served to fold into the plane of
the min er al iza tion (Fig ure 5b). No fold ing was ob served in
ar eas of the trench west of the mas sive sul phide min er al iza -
tion, sug gest ing the po ten tial for sinistral drag fold ing
along the plane of mas sive sul phide min er al iza tion. The ab -
sence of fault gouge as so ci ated with po ten tial fault mo tion
in this area may be ex plained by strain ac com mo da tion via
mas sive sul phide recrystallization. Abun dant concordant
bull-quartz veining in felsic crystal tuff immediately east of
the massive sulphide mineralization is probably the result
of space filling during folding (Figure 5b).

The Randy North show ing (MINFILE 092B  128), lo cated
ap prox i mately 2 km to the north of the Cor o na tion zone
(Fig ure 3), con sists of sev eral zones of anom a lous
polymetallic min er al iza tion hosted in strongly seri cite-al -
tered fel sic volcaniclastic rocks (Kelso et al., 2007). Ex po -
sures in the vi cin ity of the Randy North show ing are of ten
cov ered by thick moss, mak ing geo log i cal map ping of the
area prob lem atic. In this area, mod er ately to strongly seri -
cite-al tered and highly fo li ated fel sic crys tal tuff, with 1–
3% quartz crys tals up to 5 mm size, hosts zones of in tense
py rite stockwork min er al iza tion. A small out crop of me -
dium-grained, sandy in ter me di ate tuff was ob served ap -
prox i  mately 400 m to the south west of this area
(downsection?). Mod er ately seri cite-al tered, quartz–
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Fig ure 4. New mas sive sul phide min er al iza tion dis cov ered on the
Westridge Re sources Inc. min eral ten ure in the Breen Lake area:
A) me dium- to coarse-grained mas sive py rite with in ter sti tial chal -
co py rite and trace sphalerite; B) close-up of mas sive sul phide min -
er al iza tion.



potassic-feld spar por phyry be comes dom i nant to the west
of the area, ex tend ing for at least 400 m along strike. This
unit con tains up to 20% potassic feld spar and quartz pheno -
crysts up to 5 mm in size, and may rep re sent the
subvolcanic heat source for the Randy North mineralizing
system.

The Hope show ing (MINFILE 092B  110) is sit u ated along
the south ern flanks of Mount Brenton and ap prox i mately
3.5 km south east of the Cor o na tion zone (Fig ure 3). The
show ing com prises a small road side out crop of si lici fied
fel sic crys tal tuff with 1% quartz crys tals up to 2 mm in size. 
This tuff is in truded by gab bro, with in tense sili ci fi ca tion at
the con tact. Min er al iza tion ob served at the show ing con -
sists largely of dis sem i nated py rite with trace chal co py rite
veinlets and mal a chite stain ing. Sam pling of the Hope
show ing by pre vi ous work ers has yielded re sults up to
0.2% Cu, 0.85% Pb, 2.95 g/t Au and 25.03 g/t Ag, with bar -
ium con tents av er ag ing about 2% (Belik, 1983). Sam pling
of Hope show ing min er al iza tion for Pb iso tope anal y sis has 
been con ducted in or der to de ter mine if it is syngenetic with 
felsic volcanic rocks in the area.

Ap prox i mately 1.7 km north of the Hope show ing, a po ten -
tially new pro spec tive zone for VMS min er al iza tion has
been iden ti fied (Fig ure 3). Al though much of this zone is
poorly ex posed in road bed out crop, key strati graphic re la -
tion ships are still vis i ble. Here, an in tensely seri cite-al tered
fel sic ash tuff, with 1–2% dis sem i nated py rite and trace
quartz crys tals, is over lain by a si lici fied argillite. Over ly -
ing the si lici fied argillite is a chlorite schist with 15–20%
an ker ite augen up to 5 mm in size. Col lec tively, this pack -
age dips steeply to the north east. Mas sive sul phide min er al -
iza tion at the Lenora adit, lo cated ap prox i mately 6 km to
the south east (Fig ure 3), is as so ci ated with the con tact be -
tween a sim i lar, in tensely seri cite-al tered fel sic ash tuff and
si lici fied argillite (Ruks and Mortensen, 2006). The strati -
graphic pack age that hosts anom a lous polymetallic min er -
al iza tion of the Randy North zone is also capped by argillite 
(Kelso et al., 2007).

The Anita zone (MINFILE 092B  037), lo cated ap prox i -
mately 4.7 km north west of the Cor o na tion zone (Fig ure 3), 
con sists of polymetallic sul phide min er al iza tion sit u ated
close to the con tact be tween mafic tuffaceous rocks and fel -
sic volcaniclastic rocks. The best drill in ter sec tion of the
Anita ho ri zon to date is di a mond-drill hole 87-37, which in -
ter sected 2.5 m of 2.37% Cu, 0.73% Pb, 2.73% Zn, 46 g/t
Ag and 0.72 g/t Au hosted in a py ritic fel sic tuff. An other
hole, 88-49, in cluded a 4.9 m in ter val of 2.3% Cu, 0.49%
Pb, 3.66% Zn, 73.9 g/t Ag and 1.9 g/t Au. The li thol ogy that
hosts the min er al iza tion in the Anita zone is not known, as
this in for ma tion is not avail able in as sess ment re ports.
Map ping in the Anita zone (this study) has lo cated sev eral
ex po sures of mod er ately to in tensely seri cite-al tered fel sic
ash and crys tal tuff, with up to 1% quartz crys tals up to

4 mm in size. Sam pling of fel sic vol ca nic rocks as so ci ated
with the Anita zone for U-Pb (zir con) geo chron ol ogy was
con ducted in or der to de ter mine if it is part of the same
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Fig ure 5. A) Mas sive sul phide min er al iza tion in con tact with si lici -
fied fel sic ash tuff at the north west pit, Cor o na tion zone, Lara prop -
erty of Trea sury Met als Inc. B) Mas sive sul phide min er al iza tion
hosted by sil ica- and seri cite-al tered fel sic ash and crys tal tuff,
north east pit, Cor o na tion zone; rocks on the east side of the mas -
sive sul phide min er al iza tion are folded into the min er al iza tion, sug -
gest ing the pres ence of drag fold ing. C) Fine- to me dium-grained
mas sive mag ne tite of the Lady B iron for ma tion of Trea sury Met als
Inc. (MINFILE 092B  33).



strati graphic pack age that hosts the Cor o na tion trend or the
Big Sicker Moun tain VMS de pos its. Field work this sum -
mer also in di cated that the MINFILE lo ca tion for the Anita
show ing is in cor rect, with the Anita shaft lo cated at UTM
co-or di nates Zone 10, 429862E, 5417127N (NAD83),
approximately 450 m south of the MINFILE position.

The Lady B iron for ma tion (MINFILE 092B  033) is sim i lar 
to other iron for ma tions oc cur ring in rocks that are
stratigraphically above VMS min er al iza tion at the Myra
Falls, Lenora, Tyee and Rich ard III oc cur rences, and is be -
lieved to rep re sent ox ide-fa cies iron min er al iza tion re lated
to hy dro ther mal min er al iz ing sys tems sim i lar to those that
formed the un der ly ing VMS de pos its. Re solv ing the tim ing 
of iron for ma tion min er al iza tion in the Sicker Group is crit -
i cal for es tab lish ing the du ra tion of VMS-re lated hy dro -
ther mal ac tiv ity. The Lady B iron for ma tion is lo cated be -
neath a ma jor power line, and is ac ces si ble from the south
via a de ac ti vated log ging road in the vi cin ity of the Anita
zone (Fig ure 3). The show ing con sists of a 15 m by 3 m out -
crop of fine- to me dium-grained, mas sive black mag ne tite
(Fig ure 5c). The mas sive mag ne tite con tains rusty py ritic
zones up to 30–40 cm in size and trace blebs of chal co py rite 
up to 2 mm in size. Abun dant dacitic to in ter me di ate vol ca -
nic rocks are lo cated to the south of show ing. These vol ca -
nic rocks are less fel sic than those as so ci ated with VMS oc -
cur rences to the south (downsection?), and com prise light
grey-green, dacitic to in ter me di ate tuff with abun dant feld -
spar crys tals and weakly seri cite-al tered, flat tened pum ice
clasts. Crys tal-poor, ash-rich lay ers of sim i lar col our are
also abun dant, many of which con tain chlorite-al tered, flat -
tened pum ice clasts. In cer tain lo ca tions, ash-rich zones
pick up a strong fab ric, be com ing phyllitic in tex ture and
po ten tially rep re sent ing zones of shear ing. Vol ca nic rocks
most prox i mal to the Lady B iron for ma tion were sam pled
for U-Pb (zir con) geo chron ol ogy in or der to re solve the age
of iron formation mineralization and constrain a minimum
age for VMS-related hydrothermal activity in Sicker Group 
rocks of the Cowichan Lake area.

Results of New Mapping in the Port Alberni
Area

Map ping of Sicker Group bed rock ge ol ogy and sam -
pling for lithogeochemistry, U-Pb zir con and Ar/Ar
hornblende geo chron ol ogy, and Pb, Nd and Hf iso tope
tracer stud ies was con ducted in the Port Alberni area. This
work was con cen trated 1) in the vi cin ity of re cent log ging
ac tiv ity south east of Horne Lake; 2) on min eral ten ure
owned by Bitterroot Re sources Ltd. and Min eral Creek
Ven tures Inc.; and 3), in the McLaughlin Ridge area, in the
vi cin ity of Kammat and Peak lakes (Fig ures 1, 6). Bed rock
ex po sure in all ar eas is mod er ate, with the best ex po sures
oc cur ring in log ging-road cuts. Off-road ex po sures are typ -
i cally cov ered with thick lay ers of moss and or ganic de tri -
tus, often in forested, low-light conditions.

Horne Lake Area

The old est rocks en coun tered in re cent map ping south east
of Horne Lake (Fig ure 6, re gion A) are as signed to the
Nitinat For ma tion (Massey and Fri day, 1989). These con -
sist largely of dark green, of ten clinopyroxene-phyric
andesitic sandy tuff, lapilli tuff, tuff brec cia and ag glom er -
ate. An de site clasts are dom i nantly subangular to
subrounded, vari ably he ma tite or sil ica al tered, vari ably
clinopyroxene phyric, and at tain sizes up to 15 cm.
Clinopyroxene crys tals reach sizes up to 1 cm and are typ i -
cally euhedral. Chlorite and epidote amygdules are of ten
pres ent, reaching sizes up to 5 mm.

Andesitic vol ca nic rocks pass up wards into a pack age of
low-en ergy ma rine sed i men tary rocks, con sist ing of
argillite, radiolarian chert and silty to sandy in ter me di ate
tuff. This re la tion ship is strik ingly sim i lar to that ob served
in the Lacy Lake–Horne Lake area, where chert, argillite
and in ter me di ate tuff also over lie mafic vol ca nic rocks
(Ruks and Mortensen, 2007).

Fel sic vol ca nic rocks pre dom i nate far ther upsection. These
con sist pri mar ily of dacite and rhyodacite lapilli tuff, tuff
brec cia and dacite in tru sions. Fel sic volcaniclastic rocks in
this area con tain potassic feld spar and bi o tite, as well as
quartz-phyric dacite and rhyodacite clasts rang ing from
<1 to 30 cm in size and from subrounded to subangular in
shape (Fig ure 7a). Ma trix ma te rial in fel sic volcaniclastic
rocks of this area con sists largely of feld spar, with more
rare ex am ples con tain ing a mix ture of feld spar and
euhedral clinopyroxene. The pres ence of euhedral
clinopyroxene crys tals in the ma trix of dacite-rhyodacite
lapilli tuff and tuff brec cia is sig nif i cant, as it in di cates the
co ex is tence of mafic and fel sic vol ca nism, or the re work ing 
of un der ly ing mafic vol ca nic ma te rial. In one lo cal ity, a
feld spar- and bi o tite-phyric dacite plug is ob served to in -
trude fel sic sandy tuff (Fig ure 7b). Feld spar and bi o tite
pheno crysts reach sizes of 5–7 mm. Trace quartz pheno -
crysts were also ob served. Po ten tial peperitic in ter ac tion
zones were ob served along the mar gin of the in tru sion. In
these zones, mar gins of the dacitic plug were brecciating in
sandy tuff, with subangular to angular clasts of dacite
porphyry ranging from <1 to 10 cm in size.

Bitterroot Resources Ltd. and Mineral Creek
Ventures Inc.

Work con tin ued on the Bitterroot Re sources Ltd. min eral
ten ure in the Port Alberni area this year (the ‘Deb bie prop -
erty’), with the fo cus of re solv ing the age of Sicker Group
stra tig ra phy and con tained min eral oc cur rences in the area
(Fig ure 6, re gions B and C). Much of the bed rock un der ly -
ing the Bitterroot Re sources and Min eral Creek Ven tures
min eral ten ure is in ter preted to com prise rocks of the Duck
Lake and Nitinat For ma tions (Massey and Fri day, 1989).
The Duck Lake For ma tion con sists of pil low ba salt, pil low
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Fig ure 6. Re gional ge ol ogy (mod i fied from Massey, 2005), se lected min eral oc cur rences and ar eas of study for 2008 field work in the Port
Alberni area.



brec cia and interflow mafic tuffaceous sed i men tary rocks,
and is be lieved to rep re sent the oce anic crust upon which
the Sicker arc was built (Massey and Fri day, 1989). As
such, Duck Lake For ma tion rocks are in ter preted as the
old est in the Sicker Group and, by de fault, the old est in
Wrangellia (Massey and Fri day, 1989). The VMS min er al -
iza tion of the Deb bie 3 oc cur rence (MINFILE 092F  445),
owned by Bitterroot Re sources and Min eral Creek Ven -
tures, con sists of four stratiform lenses of banded mas sive
sphalerite with mi nor chal co py rite and ga lena, each band
rang ing be tween 5 and 20 cm in thick ness. The best grade
ob tained from sam pling of this min er al iza tion by pre vi ous
work ers in cludes 14.1% Zn, 0.87% Pb and 0.12% Cu over a 
20 cm thick ness. The min er al iza tion is hosted in fine-
grained chloritic schist with vari able car bon ate, seri cite and 
sil ica al ter ation (Ruks and Mortensen, 2007). The chloritic
schist host ing Deb bie 3 min er al iza tion is spa tially as so ci -
ated with clinopyroxene-phyric andesitic vol ca nic rocks
as signed to the Nitinat For ma tion. The Deb bie 3 VMS oc -
cur rence is there fore be lieved to rep re sent the old est VMS

min er al iza tion in the Sicker Group. Since most ex plo ra tion
for VMS min er al iza tion in the Sicker Group has fo cused on 
bi modal vol ca nic rocks be long ing to the McLaughlin
Ridge and Myra formations, the relatively unexplored
Duck Lake and Nitinat formations represent attractive
targets for this style of mineralization.

Due to the ab sence of rocks in the Nitinat and Duck Lake
for ma tions that are ame na ble to ra dio met ric dat ing, much
of the work con ducted on the Bitterroot Re sources and
Min eral Creek Ven tures min eral ten ure this sea son fo cused
on  lo  ca t  ing  and  sam p l ing  rad io la r ian  cher t  fo r
biochronology. Sam ples of chert as so ci ated with mafic to
in ter me di ate tuff as signed to the Nitinat For ma tion were
col lected from var i ous lo ca tions on the prop erty, most no ta -
bly from chert interbedded with in ter me di ate tuff in the vi -
cin ity of the Deb bie ex plo ra tion tun nel (Fig ure 6) and
workings in the immediate vicinity.

In the Duck Lake area (Fig ure 6, re gion C), map ping and
sam pling were con ducted on the Duck Lake For ma tion
type sec tion (Massey and Fri day, 1989), as well as in the vi -
cin ity of the Re gina Cu-Au vein oc cur rence. Along the
Duck Lake For ma tion type sec tion, mas sive pil low-ba salt
flows al ter nate with interflow sandy to silty mafic tuff con -
tain ing rare chert beds. Sev eral sam ples of sandy mafic to
in ter me di ate tuff were col lected for U-Pb (zir con) geo -
chron ol ogy. Pil low-ba salt flows were sam pled for geo -
c h e m  i  c a l  a n d  i s o  t o p e - t r a c e r  s t u d  i e s .  W h e r e
recrystallization was not too strong, chert was collected for
radiolarians.

A new min eral oc cur rence was dis cov ered on the Bitterroot
Re sources and Min eral Creek Ven tures min eral ten ure dur -
ing this field work. This new min eral oc cur rence is lo cated
ap prox i mately 130 m south west of Duck Lake (Fig ure 6,
re gion C). Here, a unit of mas sive diabase as signed to the
Tri as sic Karmutsen For ma tion is cross cut by sev eral gos sa -
nous zones up to 30 cm in width (Fig ure 8b). These zones
are filled with 3–4% coarse py rite and up to 0.5% coarse-
grained to blebby chal co py rite. In tense sili ci fi ca tion of the
diabase is as so ci ated with these gos sa nous zones. A bed of
fine-grained mas sive sul phide (dom i nantly py rite) was dis -
cov ered in a new ex po sure along China Creek Main (Fig -
ure 6, re gion C). The bed is ap prox i mately 20 cm wide and
interbedded with si li ceous argillite (Fig ure 8a). Mafic
sandy tuff and scoriaceous mafic vol ca nic rocks are also
found in the im me di ate vi cin ity of the min er al iza tion. Si li -
ceous interbeds within the mas sive sulphide mineralization
were sampled for radiolarian biostratigraphy.

McLaughlin Ridge: Peak and Kammat Lakes
Area

The type sec tion for the McLaughlin Ridge For ma tion
(Yorath et al., 1999) is lo cated on McLaughlin Ridge, ap -
prox i mately 18 km south east of Port Alberni and 1 km
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Fig ure 7. Newly dis cov ered fel sic vol ca nic rocks in the Horne Lake 
area: A) rhyodacite lapilli tuff; B) feld spar-quartz–phyric dacite por -
phyry in trud ing fel sic lapilli and sandy tuff; clasts of dacite por phyry
are found in the tuff near the con tact zone with the in tru sion, sug -
gest ing po ten tial peperitic in ter ac tion.



south west of Peak Lake (Fig ure 6, re gion D). The
McLaughlin Ridge For ma tion in this area con sists of
volcaniclastic strata, lesser greenstone and mi nor chert.
Volcaniclastic rocks in the McLaughlin Ridge For ma tion
type-sec tion area are be lieved to rep re sent andesitic vol ca -
nic rocks that have been re worked from the un der ly ing
Nitinat For ma tion. Yorath et al. (1999) cor re lated rocks of
the McLaughlin Ridge For ma tion type-sec tion area with
fel sic vol ca nic rocks and con tained VMS min er al iza tion
found in the Cowichan Lake and Buttle Lake up lifts (e.g.,
the Big Sicker Moun tain/Lara and Myra Falls de pos its, re -
spec tively). How ever, there are no ra dio met ric or
biostratigraphic ages to support any of these correlations. 

Re con nais sance field work this sum mer was con ducted in
the Peak and Kammat Lakes area (Fig ure 6, re gion D), in
the im me di ate vi cin ity of the McLaughlin Ridge For ma tion 
type sec tion (Yorath et al, 1999). Here, abun dant buff-
weath er ing, of ten chev ron-folded, red and green

radiolarian chert is interbedded with green, in ter me di ate,
silty to sandy tuff. The tuff is well sorted, with coarser frac -
tions con tain ing abun dant feld spar crys tals. Radiolarian
chert was sam pled in sev eral lo cal i ties. In one lo cal ity, lam -
i nated radiolarian chert was ob served to have its bed ding
de flected by an aphyric clast of un known li thol ogy (Fig -
ure 9). This clast might be a coarse clast trans ported via
turbidite flow, or it may be a vol ca nic bomb. The lat ter pos -
si bil ity is sig nif i cant as it would in di cate the co ex is tence of
vol ca nism dur ing chert de po si tion and would aid in cor re -
la tions be tween stra tig ra phy in the McLaughlin Ridge area
and that of other Sicker Group localities.

Rocks en coun tered in the Peak and Kammat Lakes area are
dom i nated by radiolarian chert interbedded with in ter me di -
ate tuff, but the chert be comes interlayered with ba saltic
sills to the south west. Ba saltic sills in trud ing the chert
pack age of ten con tain abun dant spheru lites and quartz
amygdules up to 4 mm in size; acicular feld spar pheno -
crysts up to 1 mm in size; and subhedral, chlorite-al tered
mafic pheno crysts up to 1.5 mm in size. Chert lay ers ap -
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Fig ure 8. Newly dis cov ered min er al iza tion in the Port Alberni area: 
A) stratiform mas sive py rite in a new ex po sure along Duck Lake
Main; the min er al iza tion is interbedded with si li ceous argillite,
chert and mafic sandy to lapilli tuff; B) gos sa nous and sil ica-al tered 
zones within a mas sive diabase are as so ci ated with quartz-vein–
hosted py rite and chal co py rite min er al iza tion; the dashed yel low
line is the trace of the min er al ized zone.

Fig ure 9. A) Bed ding in radiolarian chert is de flected by a fine-
grained, pur ple, rounded clast of un known li thol ogy. B) Highly
quartz-ve sic u lar and of ten spherulitic ba salt si lls in trude
radiolarian chert; recrystallization of radiolarian chert is of ten ob -
served in ar eas where ba salt sills are abun dant.



pear, in places, to have been mildly brecciated and
recrystallized by the sills. A large gabbroic in tru sion has
been mapped to the south west of these sills, and there is a
high prob a bil ity that these ba saltic sills may be apophyses
de rived from this larger in tru sion. Geo chem i cal sam pling
of these sills has been con ducted in or der to de ter mine their
af fin i ties. A lo cal ized chlorite- and ser pen tine-al tered zone
within the gab bro was ob served to con tain trace mal a chite
stain ing. Mal a chite stain ing in this zone is as so ci ated with a 
small pyrite-bearing pod approximately 20 cm in size.

The abun dant chert, in ter me di ate tuff and gab bro ob served
in new bed rock ex po sures in the Peak and Kammat lakes
area dur ing this study all oc cur in ar eas pre vi ously mapped
as McLaughlin Ridge, Nitinat and Duck Lake for ma tions
(Yorath et al., 1999). Since these new ex po sures of
interbedded chert and in ter me di ate tuff are not typ i cal units
ob served in the Nitinat and Duck Lake for ma tions, this sug -
gests that there are sig nif i cant prob lems with ex ist ing geo -
log i cal maps for the area that can only be resolved with
additional mapping.

Results of Reconnaissance Geological
Fieldwork in the Nanoose Uplift Area

One day of re con nais sance geo log i cal field work was con -
ducted in the Nanoose up lift area (Fig ure 1). This work fo -
cused on sam pling for U-Pb (zir con) geo chron ol ogy and
radiolarian biostratigraphy. Sed i men tary rocks were most
com mon and com prise interbedded argillite, grey-black
siltstone, fine to coarse sand stone and green chert. Sand -
stone in the area ranges from mod er ately to poorly sorted
arenite and lithic arenite. This sand stone con tains an abun -
dant feldspathic com po nent and, in places, abun dant
subrounded chert clasts. Sam ples for U-Pb (zir con) de tri tal
geo chron ol ogy were taken from sev eral lo cal i ties. Sub -
stan tial out crops of green chert were also ob served, es pe -
cially in the im me di ate vi cin ity of the De part ment of Na -
tional De fence na val base. This chert is typ i cally highly
frac tured and, in places, was ob served to con tain po ten tial
radiolarian fos sils. A large body of granodiorite of
unknown age was also observed and sampled for
geochronology.

Results of Geological Mapping on the
Dorado and Dragon Properties (Paget

Resources Corporation), Hesquiat–Gold
River Area

Dorado Property

Geo log i cal map ping at 1:5000 scale of a por tion of the
prop erty (Paget Re sources Cor po ra tion; Fig ures 1, 10) was
con ducted over six days in 2007. The first visit was de -
signed to fol low up on the dis cov ery by Mar shall et al.
(2006) of polymetallic VMS-style stockwork min er al iza -
tion hosted in mafic vol ca nic rocks. Re con nais sance geo -

log i cal map ping in the vi cin ity of Mar shall’s show ing by
Paget Re sources Cor po ra tion ge ol o gists led to the dis cov -
ery of polymetallic mas sive sul phide min er al iza tion (Fig -
ure 10, re gions A and B). Mas sive sul phide min er al iza tion
has so far been dis cov ered in two lo ca tions on the Do rado
prop erty, and is as so ci ated with the con tact be tween mafic
volcanic rocks and overlying tuffaceous sedimentary
rocks.

The first mas sive sul phide min er al iza tion dis cov ered on the 
Do rado prop erty is lo cated in a shot-rock blast pit, near the
con tact be tween a vari ably sil ica-al tered, chlorite amyg -
dule–bear ing, feld spar-phyric ba saltic flow and over ly ing
in ter me di ate tuffaceous sand stone (Fig ure 10, re gion A).
Here, a mas sive sul phide pod, mea sur ing 1.5 m by 3 m and
con sist ing of fine-grained pyrrhotite with trace chal co py -
rite, is hosted within the ba salt. Sul phide string ers up to
1 cm wide are abun dant near the mas sive sul phide min er al -
iza tion. Nu mer ous mas sive sul phide boul ders of sim i lar
com po si tion are found in close prox im ity to the show ing;
some of them ap pear to have been used as sub strate for a
bridge cross ing a creek that drains im me di ately to the east
of the pit. The most si lici fied zones within the host ba salt
are as so ci ated with abun dant quartz and epidote veinlets.
Some zones of autobreccia are pres ent in the ba salt host.
These zones con tain abun dant grey, glassy, an gu lar si lici -
fied clasts up to 2 cm in size. Ap prox i mately 430 m south -
west of this zone is a sec ond zone of mas sive sul phide min -
er al iza tion (Fig ure 10, re gion B). Here, boul ders of fine- to
me dium-grained mas sive pyrrhotite+chal co py rite, up to
50 cm in size, oc cur as float be neath a large, gos sa nous out -
crop of highly sil ica-al tered, feld spar-clinopyroxene–
phyric an de site por phyry (Fig ure 11). Pyrrhotite min er al -
iza tion is abun dant, as both string ers and dis sem i na tions.
Euhedral feld spar and clinopyroxene pheno crysts form ap -
prox i mately 25% of the rock. Plagioclase feld spar con sti -
tutes ap prox i mately 85% of the phenocryst as sem blage and 
reaches sizes up to 3 mm. Clinopyroxene pheno crysts are
vari ably chlorite al tered, form 15% of the phenocryst as -
sem blage and reach sizes up to 1 cm. This al tered and min -
er al ized por phyry was traced in the map area for ap prox i -
mately 350 m to the south west along an over grown log ging
skidder road. Less al tered, vari ably sul phide-min er al ized
ex am ples of feld spar- and clinopyroxene-phyric an de site
are abun dant in the map area (Fig ure 10, re gion C) and are
most likely rep re sen ta tive of mas sive in ter me di ate flows.
These mafic vol ca nic rocks are mas sive and less por phy -
ritic to nearly aphyric in na ture. They of ten con tain abun -
dant epidote al ter ation in the form of ovoid patches up to
10 cm in width. Fine-grained sul phide minerals are often
found in the cores of these patches. In places, pyrrhotite and 
chalcopyrite stringers are present, typically with strong
silica alteration along their margins.

Over ly ing al tered and min er al ized mafic vol ca nic rocks are 
in ter ca lated tuff and mas sive in ter me di ate vol ca nic rocks
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Fig ure 10. Re gional ge ol ogy, se lected min eral oc cur rences and ar eas of study for 2007 field work on the Do rado prop erty of Paget Re -
sources Cor po ra tion (mod i fied from Mar shall et al., 2006).



(Fig ure 10, re gion D). Volcaniclastic rocks com prise
heterolithic lapilli tuff with mafic vol ca nic and chert clasts
in a feld spar-crys tal ma trix. Sandy in ter me di ate tuff, con -
tain ing abun dant feld spar crys tals and vari able con cen tra -
tions clinopyroxene crys tals, is also abun dant. Mas sive
feld spar-phyric por phyry of in ter me di ate com po si tion is
as so ci ated with tuffaceous zones, but whether it represents
intrusions or flows is undetermined.

Dragon Property

The Dragon prop erty is lo cated ap prox i mately 80 km west
of Camp bell River, 20 km north west of Gold River and
65 km north west of the Myra Falls mine of Break wa ter Re -
sources Ltd. (Fig ure 1). A com bi na tion of re con nais sance
and 1:5000 scale map ping was con ducted on the Dragon
prop erty over 10 days. This work fo cused on es tab lish ing
the geo log i cal set ting for known min eral oc cur rences on
the prop erty, and for un der stand ing the stra tig ra phy of the
prop erty ge ol ogy in gen eral. The work was suc cess ful in
iden ti fy ing sev eral pro spec tive new zones of min er al iza -
tion, in clud ing a new polymetallic massive sulphide
discovery (Figure 12).

Mas sive sul phide min er al iza tion of the Dragon prop erty
typ i cally con sists of vary ing pro por tions of fine- to me -
dium-grained mas sive pyrrhotite, chal co py rite and
sphalerite at the con tact be tween fel sic vol ca nic rocks and
over ly ing vol cano-sed i men tary and car bon ate rocks. This
pro spec tive ho ri zon has been traced over a strike length of
4.4 km, and shows signs of VMS-style al ter ation and min -
er al iza tion throughout (Figure 12).

The orig i nal mas sive sul phide dis cov er ies on the Dragon
prop erty in clude the Falls and North show ings, which com -
prise three mas sive sul phide lenses with grades up to 7.33% 
Zn, 1.34% Pb, 173 ppm Cu, 680 ppb Au and 19.2 g/t Ag
over 2 m (Jones, 1997; Fig ure 12). This mas sive sul phide
min er al iza tion is interlayered with lam i nated chert,
mudstone and cal car e ous mudstone that strikes south west -
erly and dips steeply to the north west. Bi valve (?) fos sils
have been ob served in cherty tuff over ly ing the Falls and
North showings.

Dur ing the course of this sum mer’s field work on the
Dragon prop erty, a new mas sive sul phide show ing was dis -
cov ered ap prox i mately 1 km south of the Falls and North
show ings (Fig ure 12, re gion A). This show ing con sists of
sev eral fine- to me dium-grained, pyrrhotite+chal co py rite–
bear ing mas sive sul phide boul ders, up to 1.5 m by 1 m in
size, found in float (Fig ure 13a). One of the boul ders con -
tains mas sive sul phide min er al iza tion in con tact with
strongly sil ica-al tered aphyric rhy o lite, in di cat ing a
rhyolitic host for the min er al iza tion. These boul ders were
dis cov ered at the top of a large set of cliffs con sist ing of
aphyric, flow-banded mas sive rhy o lite, and are lo cated
prox i mal to the con tact zone be tween fel sic vol ca nic rocks

and over ly ing sed i men tary and car bon ate rocks. This con -
tact zone is ex posed in out crop ap prox i mately 50 m to the
west. Here, strongly sil ica-al tered and stockwork-sul -
phide–min er al ized rhy o lite with lo cal ized zones of flow
brec cia is over lain by argillite, chert, siltstone, cal car e ous
argillite and lime stone. Rhy o lite brec cia in this area con -
tains an gu lar, jig saw-fit clasts, up to 6 cm in size, in a dark-
col oured ma trix of fine-grained dis sem i nated gar net and
bi o tite clots up to 1 cm in size. Chert beds in this con tact
zone of ten con tain 0.5–1% dis sem i nated pyrrhotite, and
argillite beds contain abundant pyrrhotite veinlets.
Calcareous wackestone beds contain abundant coral
fossils.

An other new zone of min er al iza tion was dis cov ered ap -
prox i mately 1 km north of the Falls and North show ings
(Fig ure 12, re gion B). Here, sim i lar to the geo log i cal set -
ting of the new mas sive sul phide dis cov ery south of the
Falls and North show ings, in tensely sil ica-al tered and
stockwork-sul phide (pyrrhotite and chal co py rite)–min er -
al ized aphyric rhy o lite is con form ably over lain by fel sic
tuff, chert, argillite and car bon ate, which dip steeply to the
west-north west (Fig ure 13b). In tensely sil ica-al tered rhy o -

116 Geoscience BC Sum mary of Ac tiv i ties 2008

Fig ure 11. A) Mas sive pyrrhotite and chal co py rite min er al iza tion
from re gion B of the Do rado prop erty of Paget Re sources Cor po ra -
tion; B) Strongly sil ica-al tered and stockwork-sul phide–min er al -
ized, clinopyroxene- and feld spar-phyric an de site por phyry from
re gion B of the Do rado prop erty.
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Fig ure 12. Re gional ge ol ogy (mod i fied from Massey, 2005; Jones, 1997), se lected min eral oc cur rences and ar eas of study for 2008 field work on the Dragon prop erty of Paget Re sources Cor -
po ra tion.



lite in this area is highly gos sa nous and hosts abun dant
pyrrhotite and chal co py rite string ers up to 2 cm thick. Dis -
sem i nated sulphides con sist largely of pyrrhotite and reach
con cen tra tions up to 2%. Greater con cen tra tions of dis sem -
i nated sulphides are as so ci ated with ar eas of strong sil ica
al ter ation. Green chert con tain ing bands of fine-grained
gar net im me di ately over lie al tered and min er al ized rhy o -
lite. Fossiliferous fel sic ash tuff over lies the chert and con -
tains cri noid and coral fos sils. Car bon ate in creases in con -
cen tra tion upsection and con sists of cal car e ous mudstone,
and me dium- to coarse-grained mar ble that is interbedded
with chert and silicified argillite (Figure 13b). Chert
contains up to 1% pyrrhotite blebs up to 2 mm in size.

The ridge east of Leighton Peak hosts sub stan tial thick -
nesses of mas sive, flow-banded, largely aphyric rhy o lite
(Fig ure 12, re gion C). Flow band ing is very abun dant in fel -
sic vol ca nic rocks, and its ori en ta tion gen er ally mim ics that
of re gional fab rics, which dip mod er ately to steeply to the
west-north west. Fold ing in the flow band ing is abun dant,
and tends to oc cur as out crop-scale isoclines (Fig ure 13c).
Since no prom i nent foliations were ob served in the vi cin ity
of these tight folds or in the field area, it is prob a ble that the
fold ing is not tec tonic but rather re lated to fold ing of the
rhy o lite due to vis cous drag dur ing erup tion. In places, thin
sed i men tary ho ri zons can be ob served be tween flows.
These are typ i cally black gra phitic argillite, of ten con tain -
ing an gu lar clasts of aphyric rhy o lite up to 1 cm in size. Fel -
sic vol ca nic rocks are also very abun dant in the Norgate
Creek area, lo cated ap prox i mately 2 km south-south west of 
the Falls and North show ings (Fig ure 12, re gion D). These
rocks typ i cally com prise mas sive, weakly quartz-phyric
rhy o lite that is vari ably sil ica al tered and min er al ized with
sul phide string ers (pyrrhotite, sphalerite and chal co py rite). 
Near the top of a re cent log ging slash in the Norgate area, a
strongly meta mor phosed heterolithic tuff brec cia was ob -
served prox i mal to the con tact with over ly ing sed i men tary
and car bon ate rocks. Here, meta mor phosed vol ca nic clasts
up to 10 cm in size are vari ably stretched, an gu lar and of ten
jig saw fit. Eighty per cent of the clasts con tain abun dant
white sug ary mus co vite, and may rep re sent meta mor -
phosed fel sic vol ca nic clasts. Fif teen per cent of clasts are
rep re sented by a light grey va ri ety con tain ing 3% bi o tite
porphyroblasts, and might rep re sent meta mor phosed in ter -
me di ate vol ca nic rocks. Five per cent of the clasts con tain
nearly 100% me dium- to coarse-grained bi o tite, and may
rep re sent meta mor phosed mafic vol ca nic rocks. The ma -
trix of this brec cia con tains abun dant bi o tite porphyroblasts 
up to 3 mm in size. In places, this brec cia ac quires a fab ric
re flected in strongly stretched meta vol can ic clasts in a bi o -
tite-rich ma trix. Min er al iza tion in the Norgate Creek area
con sists of pyrrhotite and sphalerite string ers in felsic
volcanic rocks, and occurs both at the contact zone with
overlying carbonate sedimentary rocks and nearly 1 km
east of this contact, within the felsic volcanic pile.

In the Conuma River area, ap prox i mately 4 km to the south -
west of the Falls and North show ings, fel sic vol ca nic rocks
con sist of heterolithic tuff brec cia, graded beds of
tuffaceous sed i men tary rocks and quartz-feld spar por phyry 
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Fig ure 13. A) New mas sive sul phide min er al iza tion dis cov ered
this sum mer on the Dragon prop erty of Paget Re sources Cor po ra -
tion. B) Con tact zone be tween mas sive, sil ica-al tered and
stockwork-sul phide–min er al ized rhy o lite and over ly ing chert, fel -
sic tuff and car bon ate rock; this con tact hosts all known mas sive
sul phide oc cur rences on the Dragon prop erty. C) Folded, flow-
banded rhy o lite on the ridge to the east of Leighton Peak.



sills (Fig ure 12, re gion E). In one out crop, a heterolithic
lapilli tuff with white, aphyric, fel sic vol ca nic clasts and
grey siltstone clasts up to 2 cm in size nor mally grades into
sandy tuff, silty tuff and mudstone. These rocks are in ter -
preted to rep re sent turbidites. In the same out crop, these
vol cano-sed i men tary rocks are in truded by a quartz-feld -
spar–phyric rhyodacite sill. This sill has ir reg u lar con tacts
with the vol cano-sed i men tary rocks and, in many places, is
ob served to con tain en gulfed clasts of vol cano-sed i men -
tary rocks. Fine-grained gar nets are pres ent as dis sem i na -
tions within all rock types in the out crop but are found in
larger con cen tra tions within grey siltstone clasts. In the im -
me di ate vi cin ity of this out crop is a heterolithic tuff brec cia
con tain ing large, subrounded clasts of quartz-feld spar por -
phyry and grey siltstone up to 10 cm in size. These clasts are 
set in a ma trix con sist ing largely of feld spar crys tals. Gar -
net and bi o tite porphyroblasts are pres ent in both the ma trix 
and the siltstone clasts. Strat i fied rocks in the Conuma
River area have been ob served to dip both mod er ately and
steeply to the south west and north east, re spec tively, which
is sig nif i cantly dif fer ent from the prom i nent west-north -
west dip ob served in strat i fied rocks to the north of Norgate
Creek and east of Leighton Peak. More bed rock map ping is
re quired in this area to con strain the lo ca tion of the con tact
be tween fel sic vol ca nic rocks and over ly ing sed i men tary
and car bon ate rocks. Not only is this con tact highly pro -
spec tive for VMS min er al iza tion, but it also serves as a
stratigraphic marker horizon that can help resolve
differences in structural style throughout the property.

Map ping on the Dragon prop erty this sum mer has shown
that po ten tial Sicker Group fel sic vol ca nic rocks are much
more ex ten sive than is shown on ex ist ing geo log i cal maps
of the area (e.g., Fig ure 12, re gions B and E). More map -
ping needs to be con ducted in the area to fur ther con strain
the ex tent of po ten tial Sicker Group bedrock geology.

Summary

Field work in 2008 has con tin ued with the fo cus of re solv -
ing the stra tig ra phy and tec tonic his tory of the Sicker
Group and its con tained min eral oc cur rences via a com bi -
na tion of bed rock map ping and sam pling for geo chron ol -
ogy (U-Pb, Ar/Ar), biostratigraphy (macrofossils, radio lar -
ians and cono donts), geo chem is try (ma jor and trace
el e ments) and iso to pic anal y ses (Nd and Pb; whole rock
and sulphides, re spec tively). In the Cowichan Lake up lift,
the goal of the field work has been to re solve the geo log i cal
and strati graphic set ting of VMS min er al iza tion, par tic u -
larly for those VMS de pos its and oc cur rences on min eral
ten ure owned by Trea sury Met als Inc. and Westridge Re -
sources Inc. Dur ing this sum mer, a new polymetallic mas -
sive sul phide show ing was found on Westridge Re sources
ground, and a pro spec tive zone for VMS min er al iza tion
was iden ti fied on Trea sury Met als ground. Sam pling for U-
Pb (zir con) geo chron ol ogy in the im me di ate vi cin ity of the

Lady B iron for ma tion (Trea sury Met als Inc.) was con -
ducted to con strain the longevity of the VMS mineralizing
hydrothermal system in the Cowichan Lake area.

Field work in the Port Alberni area fo cused on ex am in ing
new bed rock ex po sures south east of Horne Lake, as well as
con tin u ing ex am i na tions of bed rock and min er al iza tion
hosted by rocks of the Nitinat and Duck Lake for ma tions on 
ground owned by Bitterroot Re sources Ltd. Ex am i na tions
of new ex po sures in the Kammat and Peak lakes area were
also con ducted. South east of Horne Lake, re cent log ging
ac tiv ity has re sulted in the dis cov ery of a large area un der -
lain by prox i mal fel sic vol ca nic rocks. This find ing is
highly sig nif i cant, as Sicker Group rocks of the Port
Alberni area have pre vi ously been in ter preted to rep re sent
a depositional area dis tal from fel sic mag matic cen tres
(Yorath et al., 1999). Not only does this new dis cov ery in di -
cate the pres ence of a new cen tre of fel sic magmatism in the
Sicker Group, but it has large pos i tive im pli ca tions for the
VMS po ten tial of Sicker Group rocks in the Port Alberni
area. Re con nais sance field work in new ex po sures of Sicker 
Group rocks of the Peak-Kammat lakes area has shown that
sig nif i cant re vi sions are nec es sary to the ex ist ing geo log i -
cal map for the area. Sam pling of abun dant radiolarian
chert in this area was con ducted to de ter mine an age for
rocks of the McLaughlin Ridge For ma tion type sec tion
(Yorath et al., 1999). Abun dant sam pling for geo chron ol -
ogy and radiolarian biostratigraphy was con ducted on
ground owned by Bitterroot Re sources Ltd., to de ter mine
the age of mafic vol ca nic rocks of the Nitinat and Duck
Lake for ma tions. Re solv ing the ages of these units is crit i -
cal for un der stand ing the tem po ral evo lu tion of the Sicker
arc, and the ear li est his tory of the Wrangellia Terrane. Two
new min eral oc cur rences were dis cov ered on the Bitterroot
Re sources min eral ten ure: stratiform mas sive sul phide
min er al iza tion interlayered with mafic vol ca nic rocks and
silicified argillite; and pyrite-chalcopyrite mineralization
associated with strongly silica-altered zones in massive
diabase.

Re con nais sance field work in the Nanoose area fo cused on
re solv ing the age of sed i men tary, car bon ate and vol ca nic
rocks that have pre vi ously been in ter preted as po ten tial
cor re la tives to the Buttle Lake and Sicker groups. Abun -
dant sam pling for U-Pb (zir con) de tri tal geo chron ol ogy
and radiolarian biostratigraphy was conducted.

In the Gold River and Hesquiat ar eas, geo log i cal field work
was car ried out on po ten tial Sicker Group rocks un der ly ing
the Dragon and Do rado prop er ties, re spec tively (Paget Re -
sources Corp.), where new polymetallic mas sive sul phide
oc cur rences were dis cov ered. On the Do rado prop erty,
mas sive sul phide min er al iza tion was dis cov ered by Paget
Re sources Cor po ra tion ge ol o gists in sev eral lo cal i ties,
both prox i mal to the con tact zone be tween clinopyroxene-
phyric, vari ably sil ica-al tered and stockwork sul phide–
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min er al ized mafic vol ca nic rocks and over ly ing tuffaceous
sed i men tary rocks. A new polymetallic mas sive sul phide
oc cur rence and a new highly pro spec tive zone for VMS
min er al iza tion were dis cov ered on the Dragon prop erty.
Mas sive sul phide min er al iza tion on the Dragon prop erty is
lo cated prox i mal to the con tact be tween mas sive, vari ably
sil ica-al tered and stockwork sul phide–min er al ized fel sic
vol ca nic rocks (dom i nantly rhy o lite flows) and over ly ing
vol cano-sed i men tary rocks, chert and car bon ate rocks. The 
jux ta po si tion of fossiliferous car bon ate rocks and fel sic
tuff with un der ly ing VMS min er al iza tion and fel sic vol ca -
nic rocks is ob served no where else in the Sicker Group It
raises the pos si bil ity that vol ca nic rocks and min er al iza tion
on the Dragon property may represent a cycle of arc
magmatism and VMS mineralization not previously
recognized on Vancouver Island.

Future Work

Field work in 2009 will be pur sued in the Cowichan Lake
and Port Alberni ar eas, with ad di tional work planned in po -
ten tial out crops of Sicker Group rocks in the Bedingfield
Bay and Muchalat In let (Gold River–Hesquiat) ar eas. In
the Cowichan Lake area, work will fo cus on un der stand ing
the strati graphic and volcanological set ting of VMS oc cur -
rences hosted by the Sicker Group, par tic u larly those of the
Lara/Cor o na tion, Randy and Anita zones, north and west of 
Big Sicker Moun tain (MINFILE oc cur rences 092B  129,
092B  128 and 092B  037, re spec tively). Par tic u lar em pha -
sis will be placed on un der stand ing the strati graphic and
volcanological set ting of other po ten tial VMS oc cur rences
in the im me di ate vi cin ity of, and west of, Cowichan Lake.
Ad di tional re gional work in the Alberni area will fo cus on
iden ti fy ing strati graphic marker ho ri zons within the Sicker
Group that can be used to con strain the age of lithological
units in the area, par tic u larly those belonging to the Duck
Lake and Nitinat formations.

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

Siliciclastic sed i men tary rocks con tain sig nif i cant Cu
(Hitzman, 2000), so large cratonic bas ins are good source
re gions for this im por tant re source. Sed i ment-hosted
stratabound Cu de pos its are the sec ond most im por tant
global source of Cu, af ter por phyry Cu de pos its, in terms of
to tal re source (Singer, 1995). Ma jor stratabound Cu de pos -
its lie within the Kupferschiefer belt of Eu rope and the
Zam bian Copperbelt of Af rica (Cailteux et al., 2005). The
Paleoproterozoic Belt-Purcell Ba sin has a sed i ment thick -
ness of at least 19 km within the cen tral part of the ba sin in
Brit ish Co lum bia (Cook and van der Velden, 1995) and up
to 18 km in the United States (Winston and Link, 1993).
This large thick ness of sed i ment was de pos ited in a rel a -
tively short pe riod of time (Ev ans et al., 2000), lead ing to
the for ma tion of nu mer ous sed i ment-hosted stratabound
Cu-Ag oc cur rences in the quartz ite-dom i nated Revett For -
ma tion (Hayes and Einaudi, 1986; Boleneus et al., 2005).
These de pos its, in clud ing the Troy, Rock Creek and
Montanore, are all located in western Montana (Figure 1).

In Can ada, the Mesoproterozoic Purcell Ba sin hosts the
Sullivan mine, one of the world’s top SEDEX past-pro duc -
ers of Zn and Pb (Goodfellow and Lydon, 2007). This de -
posit is hosted in the Aldridge For ma tion of the lower
Purcell Supergroup and, con se quently, these strata have
seen ex ten sive base metal ex plo ra tion. Rocks above the
Aldr idge  For  ma t ion  (mid  d le  and  up  per  Purce l l
Supergroup) have re ceived much less at ten tion in BC, even
though they host polymetallic veins (e.g., Paiement et al.,
2007) and sed i ment-hosted Cu (±Ag±Co) occurrences.

A two-year re search pro ject was launched in 2007 to ex am -
ine the stratabound Cu po ten tial of the Purcell Supergroup.
Field stud ies by the first au thor were con ducted pri mar ily in 
ar eas south and east of Cranbrook (NTS 082G/03, /04,

/05, /06, /12), an area that was pre vi ously mapped by Höy
and Carter (1988). Ap prox i mately 10 weeks of geo log i cal
map ping, in clud ing a fo cused ex am i na tion of the Creston
For ma tion around Yahk Moun tain in the McGillivray
Range, were con ducted in 2007 and 2008. Data and sam -
ples were col lected for mag netic sus cep ti bil ity mea sure -
m e n t s ,  l i t h o g e o c h e m i c a l  s t u d  i e s  a n d  a  p i  l o t
biogeochemical sur vey. The Troy and Montanore
stratabound Cu-Ag de pos its of Montana were vis ited in or -
der to better iden tify ex plo ra tion strategies for this class of
mineral deposit.

Ini tial re sults of a re gional ex am i na tion of known sed i -
ment-hosted Cu oc cur rences from the Purcell Supergroup
were pub lished by Hartlaub and Paradis (2008). The pres -
ent pa per moves to an ex am i na tion of the po ten tial for
‘Revett style’ (Cox et al., 2007) de pos its in the Belt-Purcell
Basin in Canada.

Geological Setting and Regional
Stratigraphy of the Belt-Purcell Basin

The  Mesop ro te ro zo ic  Be l t -Purce l l  Ba  s in  i s  an
intracontinental rift sys tem filled by ma rine and fluviatile
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Fig ure 1. Ap prox i mate ex tent of the ex posed Belt-
Purcell Ba sin in Brit ish Co lum bia, Montana, Idaho and
Wash ing ton (known as the ‘Purcell Ba sin’ in Can ada and 
the ‘Belt Ba sin’ in the United States). The lo ca tion of the
study area (shown by the rect an gle) and known sed i -
ment-hosted Cu de pos its are also shown.
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sed i ments that ex tends from south east ern BC into Idaho,
west ern Montana and east ern Wash ing ton (Höy, 1993;
Elston et al., 2002; Lydon, 2007). It is known as the ‘Belt
Ba sin’ (con tain ing the Belt Supergroup strata) in the United 
States and the ‘Purcell Ba sin’ (Purcell Supergroup) in Can -
ada. The ba sin de vel oped as a branch ing sys tem of sub-bas -
ins along base ment struc tures and was later short ened and
folded dur ing sev eral pe ri ods of de for ma tion (Höy et al.,
2000; Price and Sears, 2000). In south east ern BC, the old -
est rocks of the Purcell Supergroup are ex posed along the
core and west ern mar gin of a large-scale anticlinorium
(Purcell anticlinorium).

Mesoproterozoic rocks of the Purcell Ba sin in Can ada have
been stratigraphically sub di vided in dif fer ent ways by dif -
fer ent au thors work ing in dif fer ent lo ca tions. A com plete
dis cus sion of strati graphic no men cla ture and changes
within the ba sin is avail able in Höy (1993), Winston and
Link (1993) and Gardner and Johnston (2007). The lower
12 km of the ba sin are ‘rift-fill’ turbidite rocks, the Aldridge 
For ma tion in Can ada, which are in truded by the mafic
Moyie sills, dated at 1468 ±2 Ma (An der son and Da vis,
1995). The Creston, Kitchener and Van Creek for ma tions
over lie the Aldridge For ma tion, and con sti tute the mid dle
suc ces sion of the Purcell Supergroup (Fig ures 2, 3). They

rep re sent the be gin ning of the ‘rift-cover’ se quence
(Lydon, 2007) but pre date the erup tion of a thick pack age
of flood bas alts (the Purcell lavas or the Nicol Creek For -
ma tion). A por phy ritic rhy o lite in the Purcell lavas in
Montana yielded an age of 1443 ±7 Ma (Ev ans et al., 2000). 
Di rectly over ly ing the flood bas alts of the Nicol Creek For -
ma tion are coarse clastic and stromatolitic car bon ate rocks
of the Sheppard For ma tion. The shal low-wa ter, fine-
grained clastic rocks of the up per Purcell Supergroup
include the Gateway, Phillips and Roosville formations
(Höy, 1993).

In south east ern BC, the Purcell Ba sin has been folded along 
a north-north west-trending axis and has been trans ported
eastwards dur ing re gional com pres sion as so ci ated with the
late Cre ta ceous Rocky Moun tain orog eny (Chan dler, 2000; 
Höy et al., 2000; Price and Sears, 2000). A sub-greenschist
grade of meta mor phism ex ists through out much of the
Purcell Supergroup; how ever, the meta mor phic grade is
locally higher.

A gla cial over bur den blan ket of vari able thick ness cov ers
much of the Purcell Moun tains south of Cranbrook. This
over bur den places a se vere lim i ta tion on map ping and pros -
pect ing ac tiv i ties in the re gion. Out crops are lim ited to
steep cliff faces, roadcuts and lo cal ridges. Al though the
lack of ex po sure may have lim ited the abil ity to con duct
pros pect ing and soil sam pling, other meth ods can now be
ap plied to the re gion in or der to iden tify pro spec tive areas
beneath the glacial cover.

Geology and Subdivisions of the Creston
Formation

The Creston For ma tion (Schofield, 1915) has been pre vi -
ously di vided into three units based on li thol ogy and en vi -
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Fig ure 2. Sim pli fied ge ol ogy of the Purcell Supergroup (mod i fied
from Höy et al., 1995), show ing the lo ca tion of the study area (Fig -
ure 4).

Fig ure 3. Sim pli fied strati graphic col umn
for the Purcell Supergroup in the study
area (mod i fied from Höy, 1993).



ron ment of de po si tion (Höy, 1993). These three sub di vi -
sions (C1, C2 and C3) are con sid ered to be roughly
equiv a lent to the Burke, Revett and St. Regis for ma tions in
Montana. On the east ern side of the Purcell Ba sin,
McMechan (1981) fur ther sub di vided the Creston into five
in for mal units. Both the up per and lower con tacts of the
Creston are re ported to be gradational (Höy, 1993). Study
of the Creston For ma tion has been rel a tively lim ited com -
pared to the more than 86 mea sured sec tions and nu mer ous
logged drillcores re ported from the Burke, Revett and St.
Regis for ma tions in Montana and Idaho (Mauk and White,
2004; Boleneus et al., 2005).

An area un der lain by the Creston For ma tion south of
Cranbrook, near Yahk Moun tain, was cho sen for more de -
tailed map ping (Fig ure 4). The area is con sid ered pro spec -
tive for sed i ment-hosted Cu be cause it con tains a sig nif i -
cant thick ness of mid dle Creston For ma tion and hosts a
small Cu oc cur rence, dis cov ered in 2007. The Yahk Moun -
tain area l ies on the east  ern l imb of the Purcell
anticlinorium, about 15 km north of the bor der with
Montana. The Creston For ma tion in this area dips 15–20º
east-north east and is best ex posed at higher el e va tions. For
com par a tive pur poses, ad di tional sec tions of Creston For -
ma tion were ex am ined on the east side of Moyie Lake and
from drillholes west of Cranbrook. More than 50 sam ples
of Creston sed i men tary rocks were col lected for fu ture
detailed petrographic and geochemical analysis.

The Creston For ma tion is no ta ble for its al ter nat ing units of
shal low-wa ter siltstone, argillite, quartz ite and silty quartz -
ite. Rip ple marks and crossbeds are abun dant and con sis -
tent with sed i ment de po si tion in a rel a tively shal low, high-
en ergy en vi ron ment (Fig ure 5A). Flame struc tures, load
casts, scour sur faces, rip-up clasts and des ic ca tion struc -
tures oc cur lo cally. He ma tite and py rite also oc cur lo cally
(Fig ure 5B), but subhedral to euhedral mag ne tite is wide -
spread. Mag netic sus cep ti bil ity read ings for the Creston
range from 0.1 x 10–3 SI units to more than 15 x 10–3 SI, with 
an av er age of ~4 x 10–3 SI. These read ings are much higher
than those of the other strata in the Purcell Supergroup,
which rarely ex ceed 0.2 x 10–3 SI. Meta mor phic bi o tite,
mus co vite and staurolite oc cur spo rad i cally and in di cate
that local conditions may have peaked at middle
amphibolite facies.

Basal, mid dle and up per di vi sions of the Creston For ma -
tions oc cur in the Yahk Moun tain map area and are dis -
cussed in de tail be low. These three sub di vi sions are
roughly the same as those of Höy (1993) and ap pear to be
equiv a lent to the Burke, Revett and St. Regis for ma tions in
Montana:

· The basal Creston (C1) is dom i nated by green-grey
siltstone and argillite with rare thin beds of quartz ite.
Siltite-argillite cou plets are com mon, and a dis tinc tive

dark grey to black fis sile siltstone oc curs. The abun -
dance of syneresis cracks and a lack of des ic ca tion
cracks have been cited as ev i dence that this unit was en -
tirely sub aque ous (McMechan, 1981). The Burke For -
ma tion in Montana is re ported as siltite and argillite that
has a range of colours in clud ing green ish grey, pur ple,
red dish grey and mi nor black and grey (Winston and
Link, 1993). Sev eral Cu oc cur rences were noted within
the up per most part of C1 and are described below.

· The mid dle Creston (C2) con tains interbedded se -
quences of vari ably bleached, me dium- to thick-bed ded
siltstone, quartz ite and silty quartz ite. The base of unit
C2 is dif fi cult to con strain; how ever, the first ap pear -
ance of thick-bed ded white quartz ite is used to mark the
ap pear ance of the Revett For ma tion in Montana (Hayes, 
pers. comm., 2008). The abun dance of des ic ca tion
cracks in the mid dle Creston is con sis tent with re peated
subaerial ex po sure dur ing de po si tion. Siltstone of the
mid dle Creston is com monly light green, grey or pur ple. 
The less abun dant quartz ite beds within the Yahk Moun -
tain area, when com pared to the Troy and Montanore ar -
eas of Montana, may be due to lim ited ex po sure. The
grain size in the mid dle Creston rarely ex ceeds a me -
dium sand, con sis tent with what is de scribed from the
ma jor ity of the Revett For ma tion (Boleneus et al.,
2005). Much of the Revett has been in ter preted to have
formed via flu vial braided chan nels and sheet-flood
deposits (Winston and Link, 1993)

· The upper Creston (C3) re sem bles the lower Creston
in that it is dom i nated by green, len tic u lar bed ded
siltstone and argillite with very few quartz ite beds.
Sil ts tone-argi l l i te  cou plets  are com mon.  The
stratigraphically equiv a lent unit in Montana is the St.
Regis Formation.

Intrusive Rocks

Al though there are rel a tively few in tru sive rocks in the re -
gion (Fig ure 2), coarse-grained gab bro dikes and sills are
scat tered through out. A sin gle, poorly ex posed gab bro dike
cuts the mid dle Creston in the Yahk Moun tain area (Fig -
ure 4), but other sim i lar dikes lo cally cut the Kitchener For -
ma tion. A U-Pb zir con crys tal li za tion age of 1439 ±2 Ma
(Brown and Woodfill, 1998) for a gab bro sill ex posed east
of Moyie Lake is within er ror of the U-Pb zir con age of
1443 ±7 Ma (Ev ans et al., 2000) for rocks equiv a lent to the
Nicol Creek For ma tion in Montana. There fore, the gab bro
sill is likely part of a feeder sys tem to the over ly ing Nicol
Creek bas alts. An other gab bro dike cut ting the Kitchener
For ma tion near Cranbrook con tains nu mer ous chal co py -
rite-rich veins (Hartlaub and Paradis, 2008); how ever,
‘Revett style’ Cu de pos its have not been linked to any
magmatic events.
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Stratabound Cu±Ag±Co Potential of the
Middle Creston Formation

The min eral po ten tial of an area is com monly re lated to past 
dis cov er ies and cur rently op er at ing mines. By this stan -
dard, any Revett-equiv a lent rocks in the Purcell Ba sin
should be con sid ered to have a high min eral po ten tial de -
spite the lack of sig nif i cant dis cov er ies in the mid dle
Creston north of the Montana-BC border.

Knowl edge of the con di tions re quired to form stratabound
cop per de pos its is im por tant to better un der stand the min -

eral po ten tial of the mid dle Creston. The ma jor ity of sed i -
ment-hosted stratabound Cu de pos its are formed within
con ti nen tal-rift bas ins due to move ment of mod er ately low
pH and ox i dized flu ids within per me able, shal low-wa ter
sed i men tary and, more rarely, vol ca nic rocks (Brown,
1992). Cop per, sil ver, co balt, lead and other met als are
leached from min er als within the sed i men tary and/or ig ne -
ous rocks and car ried else where and pre cip i tated. Cox et al.
(2007) sub di vided sed i ment-hosted Cu de pos its into three
groups, based pri mar ily on how Cu pre cip i tates from the
flu ids. In the re duced-fa cies de pos its, ox i dized min er al iz -
ing brine in ter acts with some form of reductant and de pos -
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Fig ure 4. Sim pli fied ge ol ogy of the Yahk Moun tain area south of Cranbrook. Unit de scrip tions are 
found in the text. Con tour in ter val is 100 feet. Geo log i cal for ma tions in the map area are the
Aldridge (A), basal Creston (C1), mid dle Creston (C2) and up per Creston (C3). See Fig ure 2 for
re gional lo ca tion.



its Cu±Ag±Co above or lat eral to the red-bed sed i men tary
rocks (Fig ure 6). This reductant may be a re duced unit, such 
as black shale, or sul phur de rived by bac te rial re duc tion of
sea wa ter sulphates (Cailteux et al., 2005). It is the pres ence
of the reductant that can lead to large, high-grade de pos its,
such as those in the Kupferschiefer and Cen tral Af rica.
Red-bed–hosted de pos its lack or have lim ited amounts of
re duc ing hostrocks and are typ i cally low grade and small
ton nage (Cox et al., 2007). De pos its in the Revett For ma -
tion can be viewed as their own sub type, since the known
de pos its are hosted in quartz-rich sand stone. Un like the
red-bed de pos its, how ever, a reductant in the form of py -
ritic sand bod ies, or pos si bly hy dro car bon flu ids, is be -
lieved to have lo cal ized Cu and Ag min er al iza tion
(Boleneus et al., 2005; Hayes, pers. com., 2008). The con -
trol that sed i men tary struc tures lo cally pro vide on the dis -
tri bu tion of dis sem i nated sulphides is typ i cally cited (e.g.,
Garlick, 1988; Cailteux et al., 2005) as ev i dence that Cu
min er al iza tion oc curred prior to com pac tion and
lithification of sed i ments. For example, sulphides may
occur within troughs of ripples and ore may show signs of

sedimentary deformation, such as slumping or compaction
(Garlick, 1988).

Sev eral key points from the de posit mod els in di cate the
char ac ter is tics im por tant to stratabound Cu±Ag±Co ex plo -
ra tion in the Purcell Basin:

· rel a tively thick units of ox i dized, shal low-wa ter sed i -
ments

· ev i dence for move ment of brines through these ox i -
dized sed i ments

· ev i dence for lo cal pre cip i ta tion of dis sem i nated
sulphides along early sed i men tary structures

The Yahk Moun tain area (Fig ure 4) en com passes all three
of these im por tant fac tors. Ev i dence for large-scale move -
ment of ox i dized flu ids is noted within the area as scat tered
ex po sures of spec tac u lar pur ple and red he ma tite mot tling
along bed ding planes and frac tures (Fig ure 7A) that oc cur
im me di ately south and east of Cu min er al iza tion. A sim i lar
style of al ter ation oc curs within the Kupferschiefer sed i -
ment-hosted Cu de pos its in Po land (Cox et al., 2007) and
may mark the lo ca tion of a lo cal ized re dox front. Man ga -
nese min er als were noted on many frac ture and joint sur -
faces in the same area (Fig ure 7B). How ever, this al ter ation
pro cess may be re lated to a later event. Boleneus et al.
(2005) in di cated that a lav en der shade to the sed i men tary
rocks is oc ca sion ally ap par ent above and be low, but not
within, the prospective horizons of the Revett Formation.

In 2007, a new oc cur rence of dis sem i nated Cu sulphides
was dis cov ered within the Creston For ma tion along the Te -
pee Creek for estry road (Hartlaub and Paradis, 2008; UTM
593577E, 5454607N). The new show ing, named ‘Te pee
Creek’, con sists of green argillite con tain ing fine bornite
and chal co py rite dis sem i nated along the bed ding planes.
Mi nor amounts of green cop per ox i da tion mark the dis cov -
ery out crop, and two grab sam ples re turned as say re sults
with Cu (564 and 2086 ppm) and Ag (2 and 6 ppm) val ues
(Hartlaub and Paradis, 2008). In 2008, a 30 m sec tion of
out crops along a for estry road was dis cov ered to con tain
trace amounts of dis sem i nated mal a chite and chal co py rite
in siltstone (UTM 592315E, 5452924N). As say anal y ses
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Fig ure 5. A) Crossbedding in quartz ite of the Mid dle Creston For -
ma tion (C2) on Yahk Moun tain (UTM Zone 11, 593687E,
5448550N, NAD 83). B) Euhedral ox i dized py rite in quartz ite of the
Creston For ma tion (UTM 589483, 5465047E).

Fig ure 6. Typ i cal model for the for ma tion of sed i ment-
hosted stratabound Cu de pos its. The scale of the
min er al iz ing sys tem can vary from lo cal to dis trict.



for sam ples from this lo ca tion are un der way. Al though
these Cu show ings do not oc cur within quartz ite, Cu oc cur -
rences have been re ported from both fine and course units
of the Burke, Revett and St. Regis for ma tions (Boleneus et
al., 2005). Along the east side of Moyie Lake, there are sev -
eral lo ca tions where cross cut ting quartz and quartz-car -
bon ate veins and brec cias con tain cop per sulphides (Fig -
ure 8A–C). This cop per min er al iza tion post dates
stratabound mineralization and may indicate later
remobilization of metals.

Key Exploration Strategies

Hav ing iden ti fied a rea son able po ten tial for sed i ment-
hosted, stratabound Cu±Ag±Co min er al iza tion on the Ca -
na dian side of the Belt-Purcell Ba sin, it is use ful to note
some of the key strat e gies that may be uti lized for fu ture ex -
plo ra tion in the re gion. These ex plo ra tion strat e gies were
gleaned by ex am in ing the lit er a ture and vis it ing the sed i -
ment-hosted stratabound Cu de pos its of Montana.

· Stream and biogeochemical sam pling: Pros pect ing
stream geo chem i cal anom a lies led to ini tial dis cov er ies
at most of the stratabound Cu de pos its in Montana
(Hayes, pers. comm., 2008). Al though a BC Geo log i cal
Sur vey da ta base of re gional stream sam pling ex ists, a
more de tailed study will need to be car ried out in se -
lected parts of the Creston For ma tion out crop area.
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Fig ure 7. A) Red and pur ple iron-ox ide al ter ation pat terns within
sand stone of the mid dle Creston For ma tion (UTM Zone 11,
594161E, 5453650N, NAD 83). This al ter ation is es pe cially strik -
ing due to the white bleach ing (argillic al ter ation) of the rock.
Bleach ing may in di cate leach ing of Cu and other met als from the
rock, as has been seen in the Revett For ma tion. B) Man ga nese ox -
ide, l ikely pyrolusite, on a joint sur face (UTM 594038E,
5453531N).

Fig ure 8. A) Brec cia com posed of siltstone-argillite clasts in a
quartz vein ma trix. The brec cia lo cally con tains chal co py rite and is
ex posed in a roadcut on the east side of Moyie Lake (UTM Zone 11, 
585407E, 5466634N, NAD 83). B) Quartz, iron car bon ate, chal co -
py rite and mal a chite ce ment ing joint sur faces in the Creston For -
ma tion (UTM 585475E, 5467010N). C) Silty quartz ite and argillite
from the mid dle Creston For ma tion cut by a quartz-car bon ate vein
(UTM 585059E, 5464231N).



Biogeochemical sam pling may also help pro vide tar gets 
in ar eas of poor ex po sure.

· Trac ing of pro spec tive strata: Sev eral of the de pos its
in Montana were dis cov ered by a sim ple strat egy of ex -
plor ing along pro spec tive strati graphic ho ri zons af ter
traces of min er al iza tion had been dis cov ered (Hayes,
pers. comm., 2008). Thick-bed ded quartz ite is the typ i -
cal hostrock for the Revett de pos its of Montana (Fig -
ure 9A), but the finer grained sed i men tary rocks should
not be ruled out. The dis sem i nated na ture of the min er al -
iza tion is not al ways ap par ent, es pe cially where li mo -
nite has par tially re placed chal co py rite (Fig ure 9B, C).

· In duced-po lar iza tion sur veys: De spite the low of con -
cen tra tion of sulphides, stratabound Cu de pos its should
pro duce IP anom a lies due to the oth er wise re stricted
pres ence of sulphides and graph ite within the Creston
For ma tion.

· Aero mag net ic map ping: The abun dance of mag ne tite
within the Creston For ma tion in di cates that de tailed
aero mag net ic im ag ery would be use ful for trac ing con -
tacts in ar eas of poor ex po sure. A full eval u a tion of mag -
netic sus cep ti bil ity mea sure ments col lected in 2008 has
not yet been com pleted; how ever, ini tial re sults in di cate
that both min er al ized and nonmineralized Creston For -
ma tion rocks have similar magnetic susceptibility
values.

Future Products and Research Directions

· Re lease of a GIS map dataset in clud ing out crop lo ca -
tions, lithological in ter pre ta tions, struc tural mea sure -
ments, mag netic-sus cep ti bil ity mea sure ments and
georeferenced photos

· Pub li ca tion of mea sured sec tions from pro spec tive ar -
eas of the mid dle and up per Purcell Supergroup;
lithological de scrip tions will be fur ther con strained by
petrographic anal y sis of ref er ence samples

· Pub lic re lease of the com plete biogeochemical and
lithogeochemical da ta base

· Pub li ca tion of new geo chron ol ogi cal data

· Com ple tion of fluid in clu sion stud ies on min er al ized
quartz veins from the Creston and Sheppard for ma tions; 
this study will be com pleted in or der to con strain the
tem per a ture and chem is try of min er al iz ing fluids
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Fig ure 9. A) Thick-bed ded quartz ite of the lower Revett For ma tion. 
B) Li mo nite spots re plac ing chal co py rite in lower Revett For ma tion 
quartz ite. C) De tail of li mo nite spots re plac ing chal co py rite and
chrysocolla al ter ation. All three pho tos were taken at ex po sures of
the Montanore de posit on the north shore of Rock Lake, Montana.
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Introduction

The Kootenay Arc is lo cated in south east ern Brit ish Co -
lum bia (BC), in the Omineca Belt of the Ca na dian Cor dil -
lera. It is de fined as a lens-shaped belt of highly de formed
rocks that ex tends ap prox i mately 400 km from north of
Revelstoke to the Can ada–United States bor der. It is lo -
cated be tween the Purcell Moun tains to the east and the
Monashee meta mor phic com plex to the west (Figure 1).

The Kootenay Arc con tains a num ber of car bon ate-hosted
zinc-lead de pos its, in clud ing im por tant past-pro duc ers
such as Reeves Mac Don ald, Jer sey and HB in the Salmo
camp (MINFILE 082FSW026,  082FSW009 and
082FSW004, re spec tively; MINFILE, 2008), and Blue bell
in the Slocan camp (MINFILE 082FNE043). Fig ure 1
shows the sim pli fied ge ol ogy of the Kootenay Arc and the
lo ca tion of some past-pro duc ers and pros pects (Paradis,
2007).

A 4367 line-kilo metre (line-km) time-do main elec tro mag -
netic and mag netic sur vey has been ini ti ated as a part ner -
ship be tween Geoscience BC, Nat u ral Re sources Can ada
(NRCan) and two in dus try part ners, Dajin Re sources Corp. 
and Sul tan Min er als Inc. The com bi na tion of NRCan (fed -
eral gov ern ment), Dajin and Sul tan (in dus try) and
Geoscience BC (in dus try led and funded by the BC pro vin -
cial gov ern ment) is a show case geoscience part ner ship for
gath er ing valu able geo phys i cal and geo log i cal data. This
cost-ef fec tive strat egy will en able a better un der stand ing of 
the ge ol ogy of the Kootenay Arc and develop new mineral
exploration targets in BC.

Description of Survey

Prior to launch ing the sur vey, work was un der taken by the
Geo log i cal Sur vey of Can ada (i.e., NRCan) to de ter mine
ba sic rock prop er ties of the geo log i cal for ma tions within
the pro posed sur vey area, in or der to iden tify which geo -
phys i cal meth ods (if any) would be best suited to

1) de vel op ing an ac cu rate geo log i cal map of the sur vey
area, and

2) tar get ing po ten tial base metal de pos its within the sur vey 
area.

The rock prop er ties study in di cated that a time-do main
elec tro mag netic and mag netic sur vey was best suited to
fur ther ing these goals. Po ten tial de posit types an tic i pated
in this re gion in clude car bon ate-hosted zinc-lead, sed i men -
tary ex ha la tive (SEDEX), mo lyb de num and tung sten
skarns, polymetallic veins and por phyry de pos its. The
com bined elec tro mag netic-mag netic sur vey is deemed ap -
pli ca ble to exploration for all these deposit types.

Once the sur vey area was iden ti fied, the op ti mal line spac -
ing for data col lec tion was de ter mined to be 200 m. Po ten -
tial in dus try part ners were then in vited to con trib ute to the
costs of col lect ing infill data at 100 m spac ing. Two com pa -
nies, Dajin and Sul tan, chose to par tic i pate in his sur vey,
thereby add ing to the to tal line-kilo metres of data to be
collected.

In sum mary, the sur vey area ex tends from the United States

bor der east of Salmo to lat i tude 49°22’N (Fig ure 2). The
sur vey will ac quire time-do main elec tro mag netic and mag -
netic data. The elec tro mag netic sys tem will re quire a di pole 
mo ment with a min i mum of 200 000 Am2, a dual-axis re -
ceiver and a stinger-mounted mag ne tom e ter. The tra verse

flight-line spac ing is 200 m with an ori en ta tion of 100°,
with the ad di tion of the 100 m infill lines as men tioned
above. In ad di tion, con trol lines are to be flown per pen dic -
u lar to the tra verse lines at a spac ing of 1000 m, per stan -
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Fig ure 1. Lo ca tion and sim pli fied ge ol ogy of the Kootenay Arc, show ing zinc-lead past-pro duc ers and pros pects (af ter Paradis, 2007).
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Fig ure 2. Area to be cov ered by Kootenay Arc elec tro mag netic-mag netic sur vey, with 100 m infill lines over Dajin Re sources Corp. and Sul -
tan Min er als Inc. claims.



dard prac tice. It should be noted that, due to the rug ged ter -
rain, the sur vey will be by he li cop ter. The sur vey will
con sist of 4367 line-km (including industry infill lines)
once completed.
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Introduction

Phys i cal rock prop erty data, sys tem at i cally re corded and
com pa ra ble in stan dard for mats, are in te gral to suc cess ful
in ter pre ta tion of subsurface ge ol ogy from geo phys ics. This 
pro ject rep re sents a be gin ning in build ing a use ful da ta base
for Brit ish Co lum bia (BC). The data re lease is the re sult of a 
sig nif i cant amount of work by Mira Geoscience Lim ited
and the Geo log i cal Sur vey of Can ada (GSC) to pro duce a
stan dard ized, high-qual ity set of nearly 900 000 data points
for the prov ince. A sig nif i cant amount of work was re -
quired to bring all data to Rock Prop erty Da ta base Sys tem
(RPDS) stan dards. The re sult was a sig nif i cant ‘in-kind’ ef -
fort by Mira Geoscience and GSC staff that ex ceeded the
bud get of the pro ject. The pro ject would not have been pos -
si ble with out com bined fund ing from Geoscience BC, Mira 
Geoscience, the Geo log i cal Sur vey of Can ada, BHP
Billiton, Terrane Met als and Teck Cominco. A significant
amount of industry data remains to be added to the
database.

Pro ject 2006-015 started in Oc to ber 2006, when Mira
Geoscience was con tracted by the Ca na dian Min ing In dus -
try Re search Or ga ni za tion (CAMIRO) to as sem ble and or -
ga nize phys i cal rock prop erty data for BC. A large amount
of rock prop erty data ex ists for the prov ince but is in var i -
ous hard-copy and dig i tal for mats, and ar chived at many lo -
ca tions across the coun try, thus mak ing it dif fi cult to amal -
gam ate. One of the ob jec tives of this pro ject was to bring
to gether all avail able data for BC into stan dard dig i tized
for mats on a com mon in te gra tion plat form. The pro ject fo -
cused on rock prop erty data col lected by the Geo log i cal
Sur vey of Can ada from var i ous bore hole sur veys in the
1980s and 1990s, mea sure ments re lated to map ping of BC

bas ins, and the Tar geted Geoscience Initiative and other
recent surveys in the Nechako Basin.

The strat egy was to com pile the var i ous rock prop erty data
for BC into the Rock Prop erty Da ta base Sys tem (RPDS), a
da ta base ap pli ca tion de vel oped over the last 8 years by a
con sor tium of in dus try and gov ern ment agen cies, and man -
aged by Mira Geoscience. Data de liv ered in this pro ject are
in two for mats: 1) da ta base files on DVD in tended to be
down load able from BC Geo log i cal Sur vey’s MapPlace,
and 2) files ac ces si ble on ‘RPDS’ through the Mira
Geoscience website. The da ta base is an Or a cle-based re la -
tional data man age ment sys tem that brings to gether geo -
log i cal and geo phys i cal in for ma tion, and fa cil i tates in ter -
pre ta tion of rock prop er ties and cor re spond ing geo log i cal
de scrip tion across geo graphic ar eas. This per mits sta tis ti -
cal and spa tial char ac ter iza tion of the rock prop erty en vi -
ron ment for var i ous ore de posit types in dif fer ent geo log i -
cal set tings. The sig nif i cance of RPDS is that it pro vides a
sin gle re pos i tory for rock prop erty data, as op posed to
many dis pa rate sources, thus al low ing large-scale ag gre ga -
tion of data and in-depth anal y sis of rock prop erty re la tion -
ships. Dur ing the term of this pro ject, pub lic access to
RPDS data through the Mira Geoscience website was
considerably improved through a separate contract with the 
GSC.

Ap prox i mately 881 064 phys i cal rock prop erty mea sure -
ments from wire line, drillcore and sur face sam ples from
across BC have been pro cured from both gov ern ment and
in dus try sources. These data have been en tered into RPDS
at Mira Geoscience, add ing to the ex ist ing ar chive of more
than 5 mil lion rock prop erty mea sure ments. In ad di tion to
data ar chiv ing and man age ment ca pa bil i ties, RPDS also
pro vides value-added sum mary ta bles of pop u la tion sta tis -
tics for var i ous rock types across geo graphic ar eas. The
sum mary ta bles for BC will be pro vided with the fi nal pro -
ject re port. In ad di tion, all data in RPDS are cur rently pub -
licly avail able through an on line Web in ter face at
www.mirageoscience.com/rpds. All data from BC will be
made avail able for the MapPlace website. The fi nal re port
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will in clude de scrip tions of the spe cific pro ject de liv er -
ables and the pro ject datasets; a sum mary of the RPDS ap -
pli ca tion, in clud ing the gen er a tion of the sta tis ti cal output
tables; a description of the digital files; and all data on a
DVD.

Project Data

Data Distribution

The Rock Prop erty Da ta base Sys tem cur rently houses
881 064 phys i cal rock prop erty re cords from bore hole
wire line, drillcore and sur face sam ples within BC. Phys i cal 
prop er ties mea sured in bore holes in clude den sity, mag netic 
sus cep ti bil ity, con duc tiv ity, re sis tiv ity, den sity count,
gamma-ray count, in duced po lar iza tion (IP), to tal field
mag netic, spec tral gamma-gamma ra tio, self po ten tial
(SP), SP gra di ent, sin gle-point re sis tiv ity, tem per a ture and
tem per a ture gra di ent. All data have been en tered into
RPDS and meta-clas si fi ca tions, unit con ver sions, and co-
or di nate sys tem con ver sions have been ap plied, and gen -
eral data-qual ity as sess ment and con trol com pleted. The
fol low ing sec tions de scribe the datasets in more de tail. Ta -
bles 1a–c sum ma rize the BC data in RPDS. The spa tial
distribution of data collected from BC and entered into
RPDS is shown in Figure 1.

Wireline Data

Bore hole wire line data (Fig ure 1, open cir cles) from 23
holes, con sist ing of 198 log ging runs be tween 1986 and
1994, were pro vided by the Bore hole Geo phys ics Group at
the Geo log i cal Sur vey of Can ada in Ot tawa. Mira
Geoscience trav elled to Ot tawa to col lect the dig i tal and
hard-copy data ar chived on mul ti ple DVDs and more than
150 hand-writ ten field log ging sheets. Mul ti ple DVDs
were cop ied from GSC ar chives, which con tained var i ous
ASCII-text files trans ferred from orig i nal log ging tapes.
These ASCII-text files con tained raw and pro cessed data
per log ging run and, where avail able, li thol ogy files per
bore hole. Log ging run metadata were pho to cop ied from
orig i nal hard-copy field log ging sheets, which pro vided
crit i cal in for ma tion per tain ing to the log ging runs as well as 
for de ci pher ing raw data file names in or der to as so ci ate the
ap pro pri ate raw data with pro cessed data files. Ad di tional
metadata were ac quired from sup ple men tary hard-copy
doc u ments, open file re ports and per sonal com mu ni ca tion
with GSC con tri bu tors. Where avail able, hole trace and as -
say files were gen er ated man u ally from hard-copy core
logs, and pa per maps were dig i tized to PDF for mat. Fi nally, 
data and metadata were for mat ted to RPDS im port stan -
dards and en tered into the sys tem. This for mat ting in volved 
ap ply ing geo log i cal and qual ity in di ca tor clas si fi ca tions,
per form ing unit and co-or di nate con ver sions, and com plet -
ing mi nor data-qual ity con trol. Due to the multiple sources
of information, a significant amount of work was required
to prepare the data for entry into RPDS.

Surface Sample Data

Data on 13 554 new and re cent sur face sam ples (Fig ure 1,
red cir cles) were sup plied by GSC-Van cou ver. This dataset
con tains mainly mag netic sus cep ti bil ity and den sity mea -
sure ments, with a small pop u la tion of con duc tiv ity mea -
sure ments. The data were pro vided as one large Ex cel
spread sheet. Prior to en try into RPDS, the data were clas si -
fied and for mat ted to fit RPDS im port stan dards. For ex am -
ple, mag netic sus cep ti bil ity data were con verted from 10–6

or 10–3 SI to SI, and den sity data were con verted from kg/m3

to g/cm3. In some cases, rock codes and rock code de scrip -
tions were sup plied in sep a rate files. These rock de scrip -
tions had to be at trib uted and then mas ter rock types as -
signed. Du pli cate en tries in the pro vided datasets were
re moved and unique sam ple IDs (Lo ca tion ID) were as -
signed. Al though RPDS uses an Ex cel spread sheet for sam -
ple en try, each dataset re quired full re for mat ting prior to
en try into the da ta base sys tem. A large part of the for mat -
ting was per formed by R. Enkin’s group at the GSC in
collaboration with Mira Geoscience.

In ad di tion to the sur face sam ple data, 118 den sity and ve -
loc ity mea sure ments from the Sullivan de posit al ready ex -
isted in RPDS. These data are in cluded in the out put data
files that will ac com pany the fi nal re port. The sur face sam -
ple data are a very im por tant part of the da ta base, par tic u -
larly be cause they cover a large ar eal ex tent of the prov ince, 
com pared to lo cal bore hole data. These data en able char ac -
ter iza tion of the den sity and mag netic susceptibility of
mappable rock units.

Borehole Drillcore Data

Bore hole drillcore data from the Mount Milligan Cu-Au
por phyry pro ject (Fig ure 1, blue cir cles) were pro vided
cour tesy of Terrane Met als Corp. The data were re ceived as
one Ex cel spread sheet but needed a sig nif i cant amount of
re for mat ting and data prep a ra tion due to the large num ber
of bore holes pro vided and data stor age ar ti facts from the
pro vider’s own da ta base sys tem, which were in con sis tent
with RPDS stan dards. For ex am ple, the pro vider’s da ta -
base stored depth as a depth start and depth end range,
whereas RPDS stores ac tual phys i cal prop erty data for
sam ples at one depth value. As with the sur face sam ple
data, this dataset was at trib uted with rock code de scrip -
tions, mas ter rock types were as signed, mea sure ments were 
con verted from 10–3 SI to SI, neg a tive and zero val ues were
re moved, and unique sample IDs (Location ID) were
assigned.

RPDS Application

General Overview

The Rock Prop erty Da ta base Sys tem (RPDS) is de signed as 
an in te gra tion plat form for com bin ing geo phys i cal and
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b)

Borehole 

count

Record 

count

Density 2,483 12 19,064 21,547

Magnetic Susceptibility 23,644 19 127,516 151,160
Conductivity 27 4 11,956 11,983
Velocity 59 59
Resistivity 21 107,063 107,063
Density Count 8 26,637 26,637
Gamma Ray Count 17 55,101 55,101
Induced Polarization 11 50,122 50,122
Total Field Magnetics 10 55,551 55,551
Spectral Gamma-Gamma Ratio 20 45,856 45,856
Self Potential Gradient 11 55,459 55,459
Self Potential 11 53,979 53,979
Single Point Resistivity 10 55,976 55,976
Temperature Gradient 22 94,918 94,918
Temperature 22 95,653 95,653

Total Records 26,213 198 854,851 881,064

Geophysical data summary

Parameter
Sample/borecore 

record count

Wireline record count
Total records

c)

Area of data 

acquisition
Data provider

Data 

type

Total 

records
Physical properties measured

Adams Lake SS 559 M,D,C

Bowser & Sustut 
Basins

SS 1203 M,D

Cariboo SS 1865 M,D

Chilcotin SS 953 M,D

Coast SS 81 M

Interior Plateau SS 91 M

Kootenay Arc SS 1268 M,D,C

Nechako SS 6310 D,M

N. Cascades SS 8 M

Omineca SS 6 M

Queen Charlotte SS 850 M,D

Rockies SS 68 M

Skeena/Bulkley SS 67 M

Thompson SS 225 M,D

Sullivan Deposit Previously in RPDS SS 118 D,V

Mt. Milligan
Terrane Metals

(D. O� Brien)
BC 12,541 M

Chu Chua BH 43,899 C,DC,IP,M,R,SG,T,TG
Equity Silver BH 55,495 C,D,IP,M,R,SG,T,TG,GC
Goldstream BH 80,762 DC,GC,IP,M,R,SG,T,TG
Highland Valley BH 77,211 DC,GC,IP,R,SG,SP,SPG,T,TG,M
Lara/Buttle Lake BH 170,971 DC,GC,IP,M,R,SG,T,TG
Myra Falls BH 392,081 D,GC,M,MAG,R,SG, SP,SPG,SPR,T,TG
Sullivan BH 34,432 C,DC,IP,M,R,SG,T,TG,GC,SPR

� Physical properties measured' abbreviations: M, magnetic susceptibility; D, density; DC, density count; C, conductivity; R, 

resistivity; GC, gamma count; SG, spectral gamma-gamma; IP, induced polarization; SP, self potential; SPG, self potential 
gradient; T, temperature; TG, temperature gradient; V, velocity

Data summary by location

GSC-Vancouver
(R. Enkin, C. Lowe, B. 

Anderson)

GSC-Ottawa
(J. Mwenifumbo)

� Data type�  abbreviations: SS, surface sample; BC, core borehole sample; BH, wireline borehole data

a)

Holes Logging runs Records

Borehole 23 198 854,851
Borecore Sample 179 � 12,541

Surface Sample � � 13,672

Total 881,064

General data type
Count

General data type

Table 1. Summary of physical rock property data from British Columbia, collected and entered in RPDS, by a) data
type, b) physical property, and c) location.



geo log i cal data to ef fec tively query rock prop erty sta tis tics
for spe cific rock types across geo graphic ar eas. This al lows 
the user to an swer such ques tions as “What is the av er age
den sity of ba salt in the Chil cotin Group?” or “What is the
av er age re sis tiv ity of a rhy o lite in a VMS-type de posit?”
These types of ques tions are an swered in RPDS by dis til la -
tion of the large amount of data into man age able, in ter pret -
able, queryable data ta bles. Firstly, RPDS cre ates ‘geo log i -
cal in ter vals’ for com mon oc cur rences of geo log i cal
in for ma tion (a geo log i cal sig na ture). This pro cess is re -
peated at depth along the hole for each change in one of the
geo log i cal vari ables. Then, for each in ter val, the phys i cal
prop erty pa ram e ters are com bined and pop u la tion sta tis tics
cal cu lated for that spe cific geo log i cal sig na ture at that
depth. The next phase of data dis til la tion com bines each
com mon in ter val, fur ther sum ma riz ing the data. Next, the
area clas si fi ca tion of each bore hole is as sessed and phys i cal 
prop er ties for all com mon geo log i cal in ter vals across all

holes within the same geo graphic area are com bined. Fi -
nally, this in for ma tion is com bined with sam ple data hav ing 
the same geo log i cal sig na ture for the same area. There fore,
all oc cur rences in any bore hole or sam ple within the Bow -
ser Ba sin area in BC are com bined, pro vid ing, for ex am ple,
one mean den sity value for a Sand stone with Argillic Al ter -
ation from the Broth ers Peak Formation in the Bowser
Basin area.

Data Model

Var i ous ta bles in RPDS store in for ma tion per tain ing to all
bore hole and sam ple data en tered into the da ta base. This in -
for ma tion in cludes phys i cal prop erty data and metadata re -
lated to the en tire log ging/sam pling pro cess (lo ca tion,
equip ment, per son nel, pro ject de scrip tions, lab o ra tory
meth ods and pro cess ing/cal i bra tion his tory), as well as in -
for ma tion re lated to geo log i cal units and associated
geochemical and geotechnical data.
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Fig ure 1. Spa tial dis tri bu tion of data from Brit ish Co lum bia en tered in RPDS. The source of base lay ers is the BC Geo log i cal
Sur vey MapPlace Web server. Map co-or di nates are in NAD83 Albers equal area conic pro jec tion. Sur face sam ples are de -
noted by red cir cles, bore hole drillcore sam ples by blue cir cles, and bore hole wire line lo ca tions by white cir cles.



The stor age of bore hole wire line phys i cal prop erty data in
RPDS is based on the con cept of log ging runs. Log ging run
data are stored in the Pro cess Log Ta ble, which con tains the
cal i brated and pro cessed log ging run data for each bore -
hole. These data are con sid ered the ‘live data’ in RPDS and
are used for cal cu lat ing the pop u la tion sta tis tics. Raw data
are stored else where in the da ta base for ar chi val pur poses
only. The Pro cess Log Ta ble stores the phys i cal prop erty
val ues from var i ous depths as mea sured along the bore hole. 
Since the depth in ter vals for each mea sure ment may vary
per log ging run, it is im por tant to nor mal ize these val ues to
a con stant depth in ter val in or der to cor re late each of the pa -
ram e ters for dif fer ent log ging runs. This is performed in the 
Forced Interval Table of RPDS.

The Forced In ter val Ta ble in ter po lates the Pro cess Log data 
for each phys i cal prop erty to a com mon ref er ence sam pling 
in ter val of 10 cm. Phys i cal prop er ties from the Forced In -
ter val Ta ble may be cor re lated since, as they are in ter po -
lated to the same depth, they rep re sent mea sure ments of the
same rock sample.

In par al lel, a sig nif i cant amount of avail able lab o ra tory
mea sure ments are stored in the Sam ple Ta ble. This ta ble ac -
com mo dates the phys i cal prop erty data and all as so ci ated
metadata from lab o ra tory mea sure ments of both drillcore
sam ples and sur face samples of varying origin.

Geo log i cal in for ma tion for wire line, drillcore and sur face
sam ple data is stored sep a rately in the da ta base, in the Geo -
log i cal Prop erty Ta ble. This ta ble in cludes in for ma tion on
li thol ogy, al ter ation, for ma tion, geo log i cal age and as say
anal y ses, and in cludes space for stor ing core pho tos that are 
rap idly vis i ble on-the-fly. Li thol ogy is stored as the spe cific 
lithological unit name, us ing the lo cal no men cla ture from
the data source. How ever, in ad di tion to this name, a geo -
log i cal ‘Mas ter Li thol ogy Clas si fi ca tion’ scheme has been
de vel oped to pro vide a more gen eral hi er ar chi cal de scrip -
tion of the unit. This al lows for con sis tent and more prac ti -
cal data que ry ing within the RPDS en vi ron ment. The geo -
log i cal data are com bined with the bore hole and sample
data to produce the comprehensive Physical/Sample
Properties Table.
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Fig ure 2. Rock Prop erty Da ta base Sys tem (RDPS) Web in ter face.



The Phys i cal/Sam ple Prop er ties Ta ble is a com pos ite ta ble
where log ging-run data taken from the Forced In ter val Ta -
ble and sam ple data taken from the Sam ple Ta ble are cor re -
lated with geo log i cal in for ma tion. This is also where pop u -
la tion sta tis tics of phys i cal prop er ties as a func tion of
geo log i cal clas si fi ca tion are pre-stored for rapid query.
This ta ble lists, for each bore hole, the mean val ues, stan -
dard de vi a tions and sam ple counts for phys i cal prop er ties
per unique lithological in ter val en coun tered in the bore -
hole. At pres ent, pop u la tion sta tis tics are cal cu lated on the
fol low ing 16 pa ram e ters, al though oth ers can be added to
this list: gamma-ray, po tas sium, ura nium, tho rium, den sity,
mag netic sus cep ti bil ity, con duc tiv ity, tem per a ture, tem per -
a ture gra di ent, in duced po lar iza tion (IP), re sis tiv ity, self
po ten tial (SP), SP gra di ent, ve loc ity, neutron porosity and
caliper. This table is further summarized in the Regional
Properties Table.

The Re gional Prop er ties Ta ble is the fi nal step in the data
dis til la tion pro cess, whereby phys i cal prop erty data are
sum ma rized and stored by com bin ing mean phys i cal prop -
erty val ues from the same re gional area that pos sess a com -
mon geo log i cal fin ger print (i.e., the same for ma tion/li thol -
ogy/al ter ation com bi na tion). There fore, the phys i cal
prop er ties of all oc cur rences of one geo log i cal unit in a
bore hole are av er aged and com bined with any other oc cur -
rences of that geo log i cal com bi na tion in the same area. As
men tioned above, this pro vides one se ries of sta tis ti cal
sum mary val ues (mean, min i mum, max i mum, stan dard de -
vi a tion, me dian, num ber of sam ples) for each phys i cal
prop erty, for each unique geological combination in the
same geographic area.

Web Interface

All data within RPDS are pub licly ac ces si ble through a
m a p - b a s e d  W e b  q u e r y  i n  t e r  f a c e  a t  h t t p : / /
www.mirageoscience.com/rpds. The Web in ter face is de -
signed to com mu ni cate with the RPDS Or a cle da ta base to
pro vide rapid, up-to-date query re sults on pop u la tion sta tis -
tics, in clud ing his to grams, multiparameter crossplots and
metadata. Que ries can be re fined by phys i cal prop erty pa -
ram e ter, geo log i cal pa ram e ters, lo ca tion in for ma tion, lo ca -
tion type (wire line vs. drillcore vs. sur face sam ple mea sure -
ments) and data qual ity. The map in ter face also in cludes a
se ries of pre-ren dered map lay ers for rapid vi su al iza tion.
These lay ers in clude base maps, geo log i cal maps and var i -
ous sym bol ized lay ers show ing the data dis tri bu tion per
phys i cal prop erty pa ram e ter. In ad di tion, all data and se -
lected metadata can be down loaded di rectly from the
website us ing the data down loading tools, which pro vide
pre-ren dered Log View plots for bore hole data vi su al iza -
tion prior to down load and var i ous file-for mat ex port op -
tions. Fi nally, com plete help doc u men ta tion and a step-by-
step tutorial on interface functionality are available through 
the interface.

Case Study of Mount Milligan Porphyry

Terrane Met als Corp. con trib uted 12 541 mea sure ments of
mag netic sus cep ti bil ity from 180 bore holes, along with
geo log i cal de scrip tions and cor re spond ing 2-D and 3-D
mod els. Sam ples were mea sured ev ery 1–2 m down each
bore hole. From these data and lo cal geo phys i cal sur veys,
an anal y sis was done of the ap pli ca tion of mag netic sus cep -
ti bil ity. The rec om mended steps of anal y sis are sum ma -
rized be low. Il lus tra tions of these steps are included in the
final project report.

Step 1: As sem ble lo cal and re gional mag netic sur veys:
High-res o lu tion sur veys (<200 m line spac ing) are pre -
ferred.

Step 2: Gather the cor re spond ing sur face ge ol ogy: Lo cally, 
in tru sions such as the Mt Milligan monzonite can be cor re -
lated with mag netic anomalies.

Step 3: As sem ble rep re sen ta tive cross-sec tion(s) of the de -
posit ge ol ogy: Be fore mod el ling the geo phys ics, it is nec es -
sary to have a good in te gra tion of the ge ol ogy and an un der -
stand ing of the deposit model.

Step 4: As sem ble cor re spond ing cross-sec tion(s) of min er -
al iza tion and al ter ation: As best as pos si ble, there is a need
to de fine the geo phys i cal at trib utes of the de posit halo. This 
un der stand ing starts with a 2-D and 3-D char ac ter iza tion of
the min er al iza tion and as so ci ated alteration zonation.

Step 5: As sem ble spread sheets of mag netic sus cep ti bil ity
data with lo ca tion and ge ol ogy of each sam ple: Each prop -
erty mea sure ment re quires an as so ci ated lo ca tion and rock
de scrip tion, pref er a bly with as so ci ated ma jor and
accessory minerals.

Step 6: Un der stand the be hav iour of mag netic sus cep ti bil -
ity:

a) De fine the ranges and dis tri bu tion of the sus cep ti bil -
ity for dif fer ent rock types and al ter ation as sem -
blages.

b) Iden tify unique ranges that can be dis tin guished
from a large dataset. Are there unique phys i cal prop -
erty ranges for min er al ized rocks?

c) Are there any re la tion ships be tween sus cep ti bil ity
and min er al ogy? Can sus cep ti bil ity act as a proxy for 
min eral abundance?

d) Find ings: Rock types have bi modal dis tri bu tion of
mag netic sus cep ti bil ity. There is an ab sence of sys -
tem atic patterns.

Step 7: Ex am ine the vari a tion of mag netic sus cep ti bil ity in
bore hole logs. They found that the high est mag netic sus -
cep ti bil i ties are with mag ne tite as so ci ated with potassic-al -
tered an de site ad ja cent to the monzonite in tru sion. Un al -
tered an de site has low sus cep ti bil ity. Potassic al ter ation in
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the monzonite has mod er ate sus cep ti bil ity related to biotite
and minor magnetite.

Step 8: To ex am ine the spa tial re la tion ships of mag netic
sus cep ti bil ity, the phys i cal prop er ties are in cor po rated into
in ver sion mod els. Mod el ling is done in the fol low ing three
stages:

1) Con struc tion of a syn thetic model: The ex er cises by
Mitchinson and Phillips (2008) il lus trated how syn -
thetic mod els can be used to show ex pec ta tions of
detectability as tar get con trast, size and depth are
changed. A se ries of syn thetic mod els was con structed:

a) The min er al ized stock has mag netic sus cep ti bil ity of
32.3 x 10–3 SI, com pared to a back ground of 0.68 x
10–3 SI.

b) For ward mod el ling of the dis tri bu tion of mag netic
sus cep ti bil ity data re sults in an an nu lar ge om e try.
The model uses a mesh of 2525 m by 2325 m, with
cell sizes of 25 m on each side.

c) An un con strained syn thetic model in ver sion gen er -
ates a cone of anom a lous mag netic sus cep ti bil ity that 
ap prox i mates the lo ca tion of the in tru sive stock.
Higher mag netic sus cep ti bil ity val ues are at the top
of the model and lower val ues at the bot tom. Mod els
in di cate mag netic sus cep ti bil ity val ues sim i lar to
what was mea sured in bore holes.

d) Ex per i men ta tion with re duced con trast, smaller tar -
gets and burial at 150 m il lus trate that de tec tion
would be more dif fi cult. At depth, a sim i lar tar get
could be de tected but the tar get would be smoother
with less def i ni tion. Tar gets of small size could
merge into the back ground. De pos its of sim i lar size
but lower con trast could be iden ti fied from sur face
sur veys.

2) Con struc tion of a con strained in ver sion: Con strained
in ver sions re quire sig nif i cant in put by ge ol o gists and
com mu ni ca tion with the geo physi cist. The Mount
Milligan dem on stra tion pro vided a model of the de posit
ge ol ogy and the spa tial dis tri bu tion of mag netic sus cep -
ti bil ity in bore holes. A se ries of in ver sion mod els was
con structed, with each case based on the following
specific constraints:

a) geo log i cal ref er ence model for the monzonite stock

b) geo log i cal ref er ence model for the stock mar gin

c) ge om e try of the mag netic body, as sum ing uni form
mag netic sus cep ti bil ity, that pro vides sig nif i cant de -
tail on the shape of the mag netic al tered mar gin of the 
stock

d) the geo log i cal con tact (note that the shape of the
mag netic anom aly changes con sid er ably com pared
to the un con strained model)

e) drillhole-con trolled bound aries of the mag netic sus -
cep ti bil ity (the bore hole data sig nif i cantly change
the con fig u ra tion of mag netic bod ies to steep pla nar
zones)

f) in ter po lated ref er ence and bounds where val ues are
kriged (this ver sion also shows a steep ge om e try that
cor re sponds to faults and dikes)

Conclusions from the Demonstration Study

The study has dem on strated that a lim ited amount of data
can be in for ma tive. How ever, the data need to be well cor -
re lated and rock types iden ti fied. It is es sen tial to ex am ine
and un der stand the re la tion ship be tween rock phys i cal
prop er ties and ge ol ogy, al ter ation and min er al iza tion. This
dem on stra tion shows that phys i cal prop er ties can be used
to re fine in ver sions in many dif fer ent ways. As well, syn -
thetic mod els can be used to test whether the geo phys i cal
method can be used to de tect a de posit. The sim i lar ity of the
dif fer ent meth ods to con strain in ver sions im plies that the
data are good and the method ro bust. The con straint meth -
od ol ogy de pends on the in ver sion meth od ol ogy, the
amount and type of data and the ex plo ra tion goal. The full
pro ject report and data are expected to be available on
MapPlace by January 2009.
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Introduction

The Nechako Ba sin, lo cated in the in te rior pla teau of Brit -
ish Co lum bia be tween the Coast Moun tains and the Rocky
Moun tains, has seen very lit tle ex plo ra tion for hy dro car -
bons, in marked con trast to the West ern Ca na dian Sed i men -
tary Ba sin. Ferri and Rid dell (2006) pro vided an over view
of this ex plo ra tion his tory, which is sum ma rized here. In -
ves ti ga tion of re ports of sur face oil and gas in the Kersley
area, south of Quesnel, led to the drill ing of the first well in
1931, with some fur ther wells drilled in the same area in the
1950s, but no oil and gas shows were iden ti fied (Hayes,
2002). In 1960, Ho no lulu Oil Corp. ac quired 44 line-kilo -
metres of seis mic data near Nazko, west of Quesnel, and
drilled one well, a-4-L (Fig ure 1), which was dry with a few
live oil shows (Ferri and Rid dell, 2006). In an at tempt to
better de fine the ba sin stra tig ra phy, Hud son’s Bay Oil and
Gas Co. Ltd. drilled well c-75-A near Redstone in the
south ern part of the ba sin, also in 1960. In 1972, an other
well was drilled near Punchaw, south west of Prince
George; al though some oil stains were noted at fault con -
tacts, the well in ter sected 250 m of un con sol i dated ma te rial
above vol ca nic rocks iden ti fied as be ing from the Cache
Creek Terrane (Ferri and Rid dell, 2006). The only ex ten -
sive ex plo ra tion of the Nechako Ba sin was car ried out by
Ca na dian Hunter Ex plo ra tion Ltd. be tween 1979 and 1986. 
The com pany ac quired ap prox i mately 3000 line-kilo -
metres of grav ity data and 1300 line-kilo metres of seis mic
data, and drilled two wells in 1980, an other two in 1981 and 
a fi nal well in 1985, be fore aban don ing its ex plo ra tion of
the area. Ten gas shows were re ported in three wells, and 26
live oil and 49 dead oil shows were detected during drilling
(Hannigan et al., 1994).

The struc ture and hy dro car bon po ten tial of the ba sin were
most re cently re viewed by Hannigan et al. (1994), but re -
main poorly un der stood. Some key re sults of their study are 
sum ma rized be low. Ex plo ra tion wells have pen e trated
Early Eocene to Plio cene sed i men tary rocks, but no hy dro -
car bon shows were de tected in these rocks. These sed i men -
tary rocks are typ i cally interbedded with vol ca nic se -
quences, whose thick nesses can ex ceed 1000 m. Po ros ity in 
sand units av er ages ap prox i mately 8%. The Late Cre ta -
ceous oil and gas plays in volve open and tran si tional ma -
rine to ter res trial sed i ments, which filled the Nechako Ba -
sin from the east. Struc tural traps would likely in volve
compressional folds and drag folds over thrust faults, to -
gether with nor mal fault blocks that formed in the Mid dle to 
Late Eocene. Pri mary po ros ity in these rocks ap pears to be
very low, but sec ond ary frac ture po ros ity does ex ist. Car -
bo na ceous and bi tu mi nous shale and sand stone, plus some
coal, sug gest a po ten tial for the gen er a tion of gas. The most
sig nif i cant oil and gas plays in the Nechako Ba sin are in
sed i men tary rocks of the Tay lor Creek (Rid dell et al., 2007)
and Skeena (Hannigan et al., 1994) groups, which can be as
thick as 400–3000 m and were de rived mostly from the east
by up lift of the Omineca Belt in the Early Cre ta ceous. Po -
ten tial res er voir sand units have been sug gested within ma -
rine and nonmarine sand stone and shale se quences. Five
wells have pen e trated these Early Cre ta ceous strata, where
all the oil and gas shows in the Ca na dian Hunter wells were
iden ti fied. Ju ras sic rocks in the Nechako Basin are
generally metamorphosed and likely to be overmature with
regard to hydrocarbon preservation.

The evo lu tion of the Nechako Ba sin is poorly known be -
cause much of the ba sin is cov ered by Ter tiary and more re -
cent vol ca nic rocks and gla cial de pos its. Ju ras sic–Cre ta -
ceous rocks found along the south ern and north ern mar gins
of the ba sin prob a bly con tinue be neath the vol ca nic/gla cial
cover, but their subsurface ex tent has not been de fined.
Early Cre ta ceous rocks are ex posed along the Nazko River
val ley and de fine a north-north west erly trend at the sur face
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in the cen tral part of the ba sin (Fig ure 1). Rocks of this age
are also found far ther south in a few lim ited sur face out -
crops and the three south ern ex plo ra tion wells. The grav ity
data re corded by Ca na dian Hunter ex hibit a vari a tion of
50 mGal across the ba sin (Ferri and Rid dell, 2006), and one

in ter pre ta tion of the dis tri bu tion of grav ity anom a lies is that 
a num ber of sub-bas ins are pres ent. How ever, with the ex -
ten sive vol ca nic cover and lim ited geo phys i cal data, it is
not clear whether the Early Cre ta ceous sed i men tary rocks
were de pos ited within sep a rate sub-bas ins or are the rem -
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Fig ure 1. Ge ol ogy of the Nechako Ba sin, show ing the 1020 line-kilo metres of the Ca na dian Hunter Ltd. seis mic lines
(black) that were re pro cessed by Geoscience BC, and the seis mic lines ac quired by Geoscience BC in the sum mer of
2008 (red).



nants of a much larger ba sin. This fun da men tal ques tion on
the na ture of the Nechako Ba sin was not re solved by the
seis mic data ac quired by Ca na dian Hunter be cause the
qual ity of the im ages was of ten poor, likely due to the com -
bined ef fects of the vol ca nic cover and the seis mic ac qui si -
tion tech nol ogy avail able at the time (Hay ward and Calvert, 
2008). There is there fore a strong ar gu ment for ac quir ing
ex ten sive re gional geo phys i cal data across the ba sin. Seis -
mic data are key, due to their greater res o lu tion in depth and
their abil ity to de fine subsurface struc tural bound aries that
are re quired for the in ter pre ta tion of data from other geo -
phys i cal sur veys (e.g., grav ity or magnetotelluric). In the
sum mer of 2008, Geoscience BC there fore ac quired
330 line-kilo metres of seis mic data near Nazko along and
across the north-north west erly sur face trend of Early Cre -
ta ceous rocks in the cen tral Nechako Ba sin (Fig ure 1). The
pri mary ob jec tives of the sur vey were to

· eval u ate the ef fec tive ness of mod ern seis mic ac qui si -
tion tech nol ogy in this vol ca nic-cov ered area and op ti -
mize ties of the sur face seis mic to well-log data; and

· map the ex ten sion into the subsurface of the out crop -
ping Early Cre ta ceous rocks and iden tify the pri mary
struc tural con trols on their dis tri bu tion in the cen tral
part of the basin.

Survey Planning

An ini tial pro gram for a vibroseis sur vey along ex ist ing
roads was de fined with in put from the Geoscience BC Oil
and Gas Tech ni cal Ad vi sory Com mit tee, and a Re quest for
Pro pos als was is sued by Geoscience BC on April 6, 2007,
with sub mis sions due on May 18. Four for mal bids for the
ac qui si tion of the seis mic sur vey were re ceived, and the
com pet i tive na ture of this pro cess played an im por tant role
in max i miz ing the num ber of line-kilo metres ac quired
within the fixed bud get. The con tract was awarded to
CGGVeritas of Cal gary, who un der took the pre pa ra tory
work for per mit ting dur ing the sum mer of 2007 through a
sub con trac tor, Bighorn Land and Field Ser vice. In for ma -
tion meet ings with First Na tions in the area be gan in late
2006. A for mal ap pli ca tion for a per mit to con duct the sur -
vey was sub mit ted to the BC Oil and Gas Com mis sion
(OGC) on Sep tem ber 17, 2007. A sec ond per mit ap pli ca -
tion was sub mit ted in No vem ber 2007 to add fur ther seis -
mic lines in the cen tral part of the ba sin, which would also
be co in ci dent with a num ber of magnetotelluric sur vey
lines ac quired in the fall 2007 by the Geo log i cal Sur vey of
Can ada. This sec ond per mit was is sued by the OGC on
May 7, 2008, and the orig i nal per mit was is sued on June 17, 
2008, af ter it was re vised by the re moval of sev eral lines lo -
cated in the south ern part of the ba sin. Thus, the seis mic
sur vey, which had orig i nally been con ceived as a more re -
gional study to in ves ti gate struc tures and well ties in the
south ern Nechako Ba sin and Nazko area, evolved into a
study fo cused pri mar ily on the north-north west erly trend of 

the Early Cre ta ceous rocks that are partly exposed in the
central part of the basin and were the focus of Canadian
Hunter’s extensive exploration effort near Nazko.

Seismic Acquisition Parameters

The qual ity of the Ca na dian Hunter seis mic data, which
was shot in the early 1980s, is gen er ally poor, likely due to
the ef fects of the near-sur face vol ca nic rocks, which can
reach a thick ness of 600 m (Hay ward and Calvert, work in
prog ress, 2008). In one or two ar eas, very few first ar riv als
can be ob served in these data, sug gest ing that it may be dif -
fi cult to gen er ate a suf fi ciently strong source wave form. In
ar eas with no sur face vol ca nic rocks, the data qual ity is usu -
ally rea son able given the tech nol ogy of the time. There fore, 
much of the new sur vey de sign was di rected to wards max i -
miz  ing  the  s ig  na l - to -no ise  r a  t io ,  and  the  ma in
characteristics of the survey were

· a large ar ray of vi bra tors and long sweeps to max i mize
source ef fort;

· a high stack fold through the use of a short source in ter -
val and large num ber of re cord ing chan nels;

· re stric tion of the sweep to lower fre quen cies to im prove
trans mis sion through near-sur face vol ca nic rocks;

· long off sets to re cord deeper, subvolcanic re flec tions
and first ar riv als that can con strain the thick ness of the
vol ca nic layer, and per haps the depth to the ig ne ous
base ment; and

· ex tended cor re la tion of long sweeps to re cord mid-
lower crustal re flec tions that will con strain the evo lu -
tion of any sub-bas ins and pro vide data qual ity con trol
in ar eas where shal lower re flec tions may not be present.

Ta ble 1 shows that the Geoscience BC sur vey em ployed ap -
prox i mately 3.5 times the source ef fort of one of the Ca na -
dian Hunter sur veys, and that the stack fold is 10 times
greater. Mod ern vi bra tor-drive con trol sys tems will also
pro duce more ac cu rate trans mis sion of the sweep sig nal
from the base plate into the ground.

Fol low ing fur ther in put from in dus try (C. Szelewski and B.
Goodway of EnCana Cor po ra tion), source po si tions were
also lo cated on the half sta tion be tween re ceiv ers to pro vide 
a more even off set dis tri bu tion within CDP gath ers, ap -
prox i mat ing the stack ar ray re sponse (Anstey, 1986) and
re sult ing in less co her ent noise (e.g., from the vi bra tor
trucks or ground roll) leak ing through into the stack section
(Table 2).

Al though the source in ter val was 40 m on all lines, a 22 km
sec tion of line 6 was ac quired with a 20 m source in ter val to
eval u ate the ef fect of the closer shot spac ing and in creased
source effort.
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Field Survey

The CGGVeritas crew be gan lay ing the re cord ing
spread on June 22, 2008 (Fig ure 2) and, af ter four
hours of ini tial pa ram e ter test ing, pro duc tion re cord -
ing be gan in the early morn ing of June 23 (Figure 3).

Ini tially, the daily pro duc tion rate var ied be tween 5 and
9 km, but this rate in creased to 10–14 km per day when the
crew be gan to op er ate three 12-hour shifts in stead of two;
in di vid ual shifts were spend ing up to four hours per day in
tran sit from the crew base in Quesnel. Heavy log ging traf fic 
rep re sented a sig nif i cant source of noise, and was par tic u -
larly heavy on parts of lines 6, 12 and 15. The re cord ing
crew shut down when large con voys of log ging trucks trav -
elled over the re cord ing spread, and also when rain, strong
winds and thun der storms were pres ent in the sur vey area.
The survey was completed on August 4.
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Source: Vibroseis

Vibrator model Mertz HD 18 Buggy 52,800 lbs
Source point interval 40 m on half station
No. of sweeps per source point 4
Static array 4 vibrators inline over 45 m
Total drag length 60 m with 5 m moveup after listen time

Drive level 80%
Sweep length 28 s including 0.9 s tapers
Listen time 6 s
Sweep type 8� 64 Hz linear upsweep

Receivers:
Geophone model Oyo GS32CT vertical 
Receiver group interval 20 m
Receiver array 6 geophones over 16.7 m 
Recording Spread Asymmetric 240� 720 split 

Recording system:
Instrument type Sercel 428
No. of channels 960
Uncorrelated record length 34 s
Correlated record length 6 s
Sample interval 2 ms
Anti-aliasing filter 0.8 Nyquist linear phase
Recorded to tape 4 x 34 s sweeps,

1 x 6 s correlated diversity sum

Table 2. Acquisition parameters used in the 2008 Geoscience BC
Nechako Basin seismic survey.

Fig ure 2. CGGVeritas equipment laid out in the ini tial stag ing area
on June 22, 2008, prior to de ploy ment on line 15.

Fig ure 3. CGGVeritas vi bra tors shak ing on July 2, 2008 on line 5,
with dust ris ing from the base plates.

Table 1. Comparison of key parameters between the
Canadian Hunter Ltd. seismic survey and the 2008
Geoscience BC survey.



vey and sup ported the pre-sur vey com mu nity work shops.
M. Broughton of CGGVeritas cheer fully ar ranged the em -
ploy ment on the seis mic crew of sev eral mem bers of Nazko 
First Na tion. The suc cess ful com ple tion of the sur vey
would not have been possible without the efforts of
CGGVeritas crew number 5.
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Introduction

The Nechako Ba sin is a pri mar ily Me so zoic
sed i men tary ba sin lo cated be tween the
Rocky and Coast moun tains of south ern Brit -
ish Co lum bia (Fig ure 1). The ba sin formed
over, and in part from, the accreted ter ranes of 
t h e  w e s t  e r n  C a  n a  d i a n  C o r  d i l  l e r a .
Transpressional tec tonic pro cesses were
dom i nant un til the Eocene (Best, 2004),
when  the re  was  a  s h i f t  t o  a  dex t r a l
transtensional re gime (Price, 1994). This ep i -
sode of transtension was re spon si ble for the
for ma tion of the Yalakom and Fra ser faults,
and was as  so c i  a ted with  widespread
volcanism.

This vol ca nism re sulted in a re gion ally ex ten -
sive blan ket of rocks of the Eocene Endako
and Ootsa Lake groups. These rocks were
later over lain by vol ca nic rocks of the Neo -
gene Chil cotin Group and Qua ter nary drift
and gla cial de pos its (e.g., Rid dell, 2006). The 
Endako and Ootsa Lake groups con sist, re -
spec tively, of ba saltic to andesitic and in ter -
me di ate to fel sic flows, with tuff, brec cia and
sed i men tary rocks (e.g., Rid dell, 2006). The
Chil cotin Group con sists of a num ber of fa cies (Mathews,
1989; Farrell et al., 2007; Gordee et al., 2007), which are
pri mar ily dom i nated by ba saltic lavas or tuffs.

In ter pre ta tion of the ba sin’s near-sur face stra tig ra phy and
struc ture are pre cluded by Qua ter nary de pos its, veg e ta tion
and the neg a tive im pact of the near-sur face vol ca nic rocks
on seis mic re flec tion im ag ing. Seis mic re flec tion data ac -

quired by Ca na dian Hunter in the 1980s were re pro cessed
in 2006 by Arcis Cor po ra tion. Al though seis mic im ag ing is
gen er ally im proved, near-sur face res o lu tion, es pe cially in
association with volcanic rocks, remains poor.

A com po nent of this study in ves ti gates the ve loc ity, thick -
ness and dis tri bu tion of the near-sur face rocks in the south -
east ern Nechako Ba sin us ing tomographic mod els de rived
from first ar riv als from the seis mic re flec tion data. In ter -
pre ta tion of these mod els is aided by sur face geo log i cal
maps (e.g., Rid dell, 2006) and seven wells (drilled by Ca -
na dian Hunter Ex plo ra tion Lim ited, Esso, Ho no lulu Oil
Cor po ra tion Lim ited and Hud son’s Bay Oil and Gas Com -
pany Lim ited). Pre lim i nary re sults from the block A area
(Figure 1) are presented here.
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Fig ure 1. Lo ca tion of the Nechako Ba sin and sim pli fied ge ol ogy of its west ern Ca -
na dian Cor dil lera set ting. Black dashed box shows the broad study area. Red
dashed box shows the fo cus re gion (block A) of this re port.
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First-Arrival Tomographic Velocity
Modelling

An es ti mate of the seis mic P-wave ve loc ity was de rived
from the traveltimes of the first ar riv als from the source to
each re ceiver of a seis mic re flec tion pro file (Fig ure 2). Ve -
loc ity vari a tions can pro vide de tails of the char ac ter and
struc ture of near-sur face rocks, poorly im aged by seis mic
re flec tion pro files. The fo cus ing of rays (ray den sity) in the
model may re veal the thick ness of the near-sur face vol ca -
nic rocks or lay ers within them. First-ar rival tomographic
ve loc ity mod els have been used ef fec tively in a range of
geo log i cal en vi ron ments, in clud ing the Tofino Ba sin (Hay -
ward and Calvert, 2007) and the Devil’s Mountain fault
(Hayward et al., 2006).

Method

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

The Pronto soft ware pack age (Aldridge and Oldenburg,
1993) was used to model the seis mic ve loc ity. First-ar rival
times to all lo ca tions in a subsurface ve loc ity grid (25 m
grid spac ing) were de rived from a fi nite-dif fer ence so lu tion 
to the eikonal equa tion. Source-to-re ceiver ray paths along
the steep est di rec tion of de scent were cre ated through the
traveltime grid. A one-di men sional (1-D) start ing model

was es ti mated from the re sults of a few trial in ver sions. In
or der to ob tain a re al is tic fi nal model, the start ing model
was con strained by the sonic ve loc ity logs (Fig ure 3). Set -
ting the top of the start ing model to 2000 m/s with a gra di ent 
of 1.25 (m/s)/m most ef fec tively mim ics the re gion ally
vari able well sonic ve loc i ties. A per tur ba tion in the ve loc ity 
model was cal cu lated from the dif fer ence be tween the cal -
cu lated and ob served first-ar rival traveltimes, for each of
15 iterations, to give a final velocity model.

Max i mum ray pen e tra tion is con trolled by the subsurface
ge ol ogy and max i mum source-re ceiver off set (2550 m ex -
cept for CH-159-02 and -02A at 1350 m). An es ti mate of P-
wave ve loc ity is well con strained for depths of up to ~400–
500 m.

Thickness Constraint of the Near-Surface
Volcanic Rocks in Block A

Vol ca nic rocks were in ter sected by four wells in the south -
east ern Nechako Ba sin. In block A, well b-82-C sam pled
~221 m (Ferri and Rid dell, 2006) of Eocene Endako Group
vol ca nic rocks (Fig ure 3). Rays in the mod els of two seis -
mic lines, which tie with the well, con verge at depths of
~255 m (Fig ure 2a) and ~288 m. These ray-den sity max ima
are lo cated im me di ately be low the base of the Eocene vol -
ca nic rocks (~2400–3400 m/s) in higher ve loc ity
(~3900 m/s) Cre ta ceous sand stone of the Tay lor Creek
Group (Fig ure 3). There fore, at well b-82-C, max i mum ray
den sity is an an a logue for vol ca nic rock thick ness. Else -
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Fig ure 2. First-ar rival tomographic ray den sity (a) and ve loc ity
model (b) de rived from seis mic re flec tion data in the vi cin ity of well
b-82-C.

Fig ure 3. Com par i son of tomographic ve loc ity model (red line) with 
well sonic logs (black line) and stra tig ra phy (Ferri and Rid dell,
2006). Blue dot-dashed line shows the start ing ve loc ity model. Yel -
low dashed line shows the base of the ve loc ity model at well b-82-
C. Green dashed line shows the ground sur face at the well. Ab bre -
vi a tions: ETEn, Eocene Endako Group; KTc, Cre ta ceous Tay lor
Creek Group; SST, sand stone.



where, max i mum ray den sity, pri mar ily con trolled by high-
ve loc ity lay ers, pro vides thick ness con straint and in for ma -
tion on the in ter nal layering of near-surface volcanic and
sedimentary rocks.

Points of max i mum ray den sity (>100 ray paths), au to mat i -
cally picked ev ery 5 m along each model pro file, were man -
u ally ed ited to re move ar ti facts. The depth of the layer of
max i mum ray den sity (LMRD) in block A re sponds to
changes in the lo cal ge ol ogy. The LMRD in the vi cin ity of
well b-82-C (~270 m) can be traced over most of cen tral
block A (Fig ure 4). This in ter pre ta tion sug gests that rocks
of the Endako Group cover this re gion be low a thin ve neer
of out crop ping youn ger vol ca nic rocks and/or drift de pos -
its (Fig ure 5). The north west erly con tin u a tion of the
Eocene rocks is ter mi nated by the out crop of Cre ta ceous
Spences Bridge Group volcanic rocks (Figure 5).

A strik ing fea ture of the LMRD in block A is the greatly in -
creased depths of >500 m to the north east (Fig ure 4). These
anom a lous depths may be the re sult of thicker Eocene
Endako Group or Neo gene Chil cotin Group rocks, which
out crop at this lo ca tion (e.g., Rid dell, 2006).

Seismic Interval Velocity of the Near-
Surface Volcanic Rocks in Block A

The near-sur face (0–175 m) in ter val ve loc ity was ex tracted
from each ve loc ity model to in ves ti gate lo cal and re gional
ve loc ity vari a tion. Com par i son of the in ter val ve loc ity with 
sur face ge ol ogy (e.g., Rid dell, 2006) shows typ i cal val ues
of ~2500 m/s, with slightly lower ve loc i ties com monly in
as so ci a tion with the out crop of Chil cotin Group rocks and
Qua ter nary de pos its (Fig ure 5). High in ter val ve loc i ties
(~3000 m/s) are co in ci dent with the out crop of Spences
Bridge Group vol ca nic rocks to wards the north west ern cor -
ner of block A. Rocks of the Eocene Endako and Ootsa
Lake groups and Cre ta ceous Tay lor Creek Group are
shown to have typ i cally higher in ter val ve loc i ties than the
Neogene Chilcotin Group volcanic rocks and Quaternary
drift deposits.

In ter val ve loc i ties are an oma lously low (down to
~1500 m/s) in north east ern block A (Fig ure 5). These ve -
loc ity lows cor re spond to the deeper LMRD (Fig ure 4) and
to the out crop of Chil cotin Group vol ca nic rocks and Qua -
ter nary de pos its (Figure 5).
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Fig ure 4. Depth (be low ground) to the layer of max i mum ray den sity (LMRD; den sity >100 ray paths) from first-ar rival tomographic in ver -
sion. Thin grey lines show the sur face ge ol ogy (mod i fied from Rid dell, 2006). See Fig ure 5 for unit iden ti fi ca tion. Heavy red dashed line
shows the prob a ble pres ence of Eocene vol ca nic rocks. Blue lines are rivers.



Discussion

Geo log i cal map ping in the Chil cotin River area (Fig ure 4)
has shown that, lo cally, the Chil cotin Group is of the Bull
Can yon fa cies (An drews and Rus sell, 2007). The Chil cotin
Group is com monly lava rich, but the Bull Can yon fa cies is
dom i nated by hyaloclastite, brec cia and pillow lava.

Anal y sis of wa ter well data and geo log i cal map ping (An -
drews and Rus sell, 2008) have re vealed that the Chil cotin
Group is re gion ally thin (<50 m, prob a bly <25 m). How -
ever, thicker ac cu mu la tions have been at trib uted to lo cal
ac cu mu la tion in paleo–drain age chan nels. The Chil cotin
Group is in ter preted to be ~100 m thick (Gordee et al.,
2007) at Bull Can yon Pro vin cial Park. Near Hanceville,
along the Chil cotin River (Fig ure 4), the Chil cotin Group
has a thick ness of up to ~80 m (An drews and Rus sell,
2007). Mod els of this re gion (Mihalynuk, 2007), based on
mapped basal con tacts of the Chil cotin Group and a dig i tal
el e va tion model, pre dict thick nesses of ~100–150 m on the
Chil cotin River and to the south of Deer Creek (Figure 4).

Thicker ac cu mu la tions of the Chil cotin Group in the Chil -
cotin River area (Fig ure 4) cor re spond to the re gions of in -
creased depth of the LMRD and a lower ve loc ity. The brec -
cia-dom i nated Bull Can yon fa cies rocks would likely have

a lower seis mic ve loc ity in com par i son to the lava-rich fa -
cies of the Chil cotin and Endako groups ob served
else where. A lo cal in crease in thick ness of these rocks
would ac count for the ob served lows in in ter val ve loc ity
and sup ports the in ter pre ta tion (An drews and Rus sell,
2008) of an in creased thick ness of the Chilcotin Group in
paleo–river valleys.

Conclusions

The layer of max i mum ray den sity de rived from first-ar -
rival tomographic in ver sion mod els pre dicts that the
Eocene Endako Group over lies most of the cen tral area of
block A. In this area, the mod els es ti mate the thick ness of
these rocks to be fairly uni form (~221 m at well b-82-C). In
north east ern block A, low in ter val ve loc i ties are in ter -
preted to be re lated to an oma lously thicker de pos its of Neo -
gene Chil cotin Group rocks of the brec cia-rich Bull Creek
fa cies. The dis tri bu tion of these lows in in ter val ve loc ity
sup ports the in ter pre ta tion that the Chil cotin Group is
thicker in paleo–river valleys.
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Fig ure 5. In ter val ve loc ity from the ground sur face to a depth of 175 m, ex tracted from first-ar rival tomographic mod els (un der ly ing ge ol ogy
sim pli fied from Rid dell, 2006). Ab bre vi a tions: ETEn, Endako Group; lKSb, Spences Bridge Group; JKg, ETto, EKqd, var i ous in tru sive gra -
nitic rocks; LTQCh, Chil cotin Group; MTrCc, Cache Creek Group; Qal, drift.
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Introduction

Dur ing the sum mer of 2008, Geoscience BC ac quired ap -
prox i mately 330 km of vibroseis seis mic re flec tion data in
the Nechako Ba sin of in te rior Brit ish Co lum bia as part of
an oil and gas ex plo ra tion ini tia tive in the re gion. The pur -
pose of the sur vey was to 1) test the ef fi cacy of mod ern seis -
mic re flec tion meth ods in a re gion where near-sur face vol -
ca nic rocks and re lated geo log i cal vari a tions have made
ac qui si tion of qual ity data very dif fi cult in the past; and 2)
pro vide in for ma tion about the sed i men tary sec tion and un -
der ly ing base ment of crys tal line rocks to as sist ex plo ra tion
ef forts in the re gion through fur ther seis mic sur veys and
other geoscience stud ies. CGGVeritas ac quired the data un -
der con tract to Geoscience BC and is currently processing
the data to provide the subsurface images.

Since max i mum off sets (source-to-re ceiver dis tances) for
these data ex tend to 15 km, the first-ar rival data, which are
seis mic re frac tion waves that travel subhorizontally, can be
used to de ter mine ve loc ity-ver sus-depth in for ma tion be -
low the seis mic line to depths of 2000–3000 m. In deed,
first-ar rival traveltimes pro vide such ve loc ity in for ma tion
to make near-sur face cor rec tions for the deeper re flec tion
data in the stan dard pro cess ing pro ce dures be ing ap plied by 
CGGVeritas of Cal gary. How ever, the first-ar rival data in
the form of wave forms (i.e., traveltime, am pli tude and fre -
quency in for ma tion) may be used to de rive a much more
highly re solved ve loc ity struc ture than traveltimes alone
through ap pli ca tion of wave form to mog ra phy, a newly de -
vel oped pro ce dure. This ve loc ity struc ture may be used to
dis tin guish gla cial de pos its, sed i men tary rocks and vol ca -
nic rocks, per haps iden ti fy ing shal low sub-bas ins within
the Nechako Ba sin. As well, the en hanced ve loc ity struc -

ture can also be used in a sec ond stage of com puter
processing of the main reflection data to provide improved
images where warranted.

This pro ject first ad dresses the fea si bil ity of the ap pli ca tion
of wave form to mog ra phy to vibroseis first-ar rival data be -
cause no such study has yet been pub lished. The tech nique
will then be ap plied to some of the seis mic lines re corded in
2008, to gen er ate the en hanced ve loc ity struc ture and its
sub se quent in ter pre ta tion in terms of geological features.

Geological Background

The Nechako Ba sin in cen tral BC is con sid ered an area pro -
spec tive for oil and gas re sources. In the late 1970s and
early 1980s, Ca na dian Hunter Ex plo ra tion Ltd. car ried out
an ex plo ra tion pro gram that in cluded a se ries of seis mic re -
flec tion lines and a num ber of ex plo ra tion wells (Fig ure 1).
A gen eral geo log i cal sec tion for the ba sin was de vel oped
from these and sur face geo log i cal studies. A summary is
provided below.

The basal sed i men tary unit, >1000 m of gen er ally meta -
mor phosed Ju ras sic rocks, is con sid ered to have lit tle or no
hy dro car bon po ten tial. Over ly ing it is sev eral thou sand
metres of Early to mid-Cre ta ceous nonmarine sand stone
and con glom er ate, with lesser dark shale and siltstone, re -
ferred to as the Skeena Group by Hannigan et al. (1994).
This se quence is con sid ered to be the most pro spec tive of
the sed i men tary units. Hannigan et al. (1994) es ti mated po -
ten tial re serves of 8.7 tril lion cu bic feet of gas and 4.9 bil -
lion bar rels of oil. The Skeena Group is over lain by up to
2500 m of mid- to Late Cre ta ceous, open and tran si tional
ma rine to ter res trial sed i men tary rocks. Their prospectivity
is less than 1% of that of the un der ly ing sed i men tary rocks.
In some parts of the ba sin, the up per part of this se quence
in cludes sec tions of vol ca nic rocks. Over ly ing Ter tiary
rocks in clude some nonmarine sed i men tary se quences but
con sist pri mar ily of vol ca nic rocks that are interbedded
with the sed i men tary rocks. Es ti mated re source po ten tial is
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Fig ure 1. Ge ol ogy of the south ern Nechako Ba sin (out lined by thick pur ple line), show ing lo ca tions of in dus try seis mic re flec tion lines and ex plor atory drillholes. The blue rect an gle iden ti fies
the area of the map in Fig ure 2. Num bers of 1:250 000 NTS map ar eas are in di cated. Map pro vided by F. Ferri, BC Min is try of En ergy, Mines and Pe tro leum Re sources.



<5% of that in the Skeena Group (Hannigan et al., 1994).
Recent volcanic rocks and thick glacial deposits cover
much of the area.

Introduction — Seismic Background

Ex ten sive vol ca nic rocks in the up per part of the stra tig ra -
phy can pres ent prob lems in seis mic re flec tion data be cause 
1) they typ i cally re flect up ward much of the en ergy that is
in tended to pen e trate to base ment, and 2) the dif fer ence in
phys i cal prop er ties be tween sed i men tary and vol ca nic
rocks can gen er ate mul ti ple re flec tions that ob scure re -
flected en ergy from the depths of in ter est. The vari able and
thick gla cial de pos its can also de grade data qual ity. Mod ern 
ac qui si tion and pro cess ing tech niques may be able to over -
come most of these prob lems. One as pect of the pro cess ing
that is im por tant in such sit u a tions is avail abil ity of good
velocity models, particularly for the upper layers.

In the re flec tion method, near-sur face ve loc ity val ues are
typ i cally ob tained from the traveltimes of the first-ar rival
re fracted wave on in di vid ual shot gath ers. Ad van tage is
taken of the re dun dant in for ma tion re sult ing from the ac -
qui si tion pro ce dure. Ve loc i ties are typ i cally de ter mined
from gen er al ized lin ear in ver sion (GLI; e.g., Hampson and
Rus sell, 1984) and/or ray-based traveltime to mog ra phy
(e.g., Zelt and Barton, 1998) of the first-ar rival traveltime
picks. The de rived ve loc ity mod els are used in de ter mi na -
tion of re frac tion stat ics, one of the seis mic re flec tion pro -
cess ing steps that sig nif i cantly im proves the align ment of
re flec tors in the pro cessed im age. How ever, the vari a tions
in seis mic ve loc i ties in the up per lay ers can also be in ter -
preted in terms of vari a tions in the near-surface rock types
(e.g., Calvert et al., 2003; Feng and Calvert, 2006).

A rel a tively re cent de vel op ment that has ap pli ca bil ity to the 
de ter mi na tion of en hanced ve loc ity struc ture from the first-
ar rival data is wave form to mog ra phy, a com bi na tion of
traveltime to mog ra phy and two-di men sional (2-D) wave -
form in ver sion that uses the full wave form of the data to re -
solve ve loc ity and at ten u a tion struc ture (e.g., Pratt and
Goulty, 1991; Pratt, 1999). In a blind test of the method ap -
plied to a dataset de rived from a com plex crustal model, the
wave form to mog ra phy re sult con tained struc ture at wave -
length-scale res o lu tion that was not ev i dent on the
traveltime-only tomographic re sult (Brenders and Pratt,
2007). The de rived ve loc ity model was such that the wave -
forms cal cu lated from the model matched the orig i nal data
to a high de gree of ac cu racy, in di cat ing a high level of cor -
re spon dence be tween the ac tual model and the de rived one, 
a level that could not be achieved by traveltime meth ods
alone. More re cently, Smithyman and Pratt (work in prog -
ress, 2008) dem on strated the ap pli ca bil ity of the ap proach
to shallow seismic data (<100 m depth) to derive 2-D
models of velocity and attenuation.

Project Objectives

The gen eral ob jec tive of this pro ject is to de rive the seis mic
P-wave ve loc ity struc ture of the up per most crust through
ap pli ca tion of wave form to mog ra phy to the first-ar rival
data on vibroseis re flec tion pro files re corded in the
Nechako Ba sin and use the re sults to dis tin guish lay ers or
re gions of gla cial de pos its and sed i men tary and vol ca nic
rocks in the subsurface. If the data are suit able, ap pli ca tion
of the pro ce dure to also in clude mod els of seis mic at ten u a -
tion would rep re sent a sec ond ary ob jec tive, be cause such
re sults could pro vide ad di tional dis crim i na tion among rock 
types. Within this gen eral ob jec tive, three sub-ob jec tives
are to

1) es tab lish the ef fi cacy of wave form to mog ra phy for data
re corded us ing a vibroseis source. Prior ap pli ca tions of
the method have in volved data ac quired from a point
source (i.e., an ex plo sive charge or weight drop). The
vibroseis source in volves a sweep of fre quen cies over a
pe riod of time. The re corded data are cross-cor re lated
with the sweep sig nal to gen er ate seis mic data that em u -
late a point source. To date, wave form to mog ra phy has
not been ap plied to vibroseis data, the type of data ac -
quired in the Nechako Ba sin. The method needs to be
tested for such data.

2) ap ply the wave form to mog ra phy method to first-ar rival
data re corded as part of the 2008 vibroseis ac qui si tion
sur vey to gen er ate P-wave ve loc ity struc tures for the
up per 2000–3000 m of the crust and, if the data are suit -
able, in for ma tion on seis mic at ten u a tion as so ci ated with 
the ve loc ity struc ture.

3) in ter pret the de rived ve loc ity (and at ten u a tion) struc -
tures in terms of rock types us ing in for ma tion from ge -
ol ogy, phys i cal prop er ties data (mainly from the lit er a -
ture) and the seis mic re flec tion im ages gen er ated from
the 2008 sur vey. Gla cial till and sed i men tary and vol ca -
nic rocks should be dis tin guished by dif fer ent ve loc ity
and attenuation characteristics.

Methodology

To ad dress sub-ob jec tive 1, data with good-qual ity first-ar -
rival wave forms from one re flec tion line of the 2008 sur vey 
will be se lected. Since line 10 is rel a tively straight and
lengthy, it will be con sid ered first (Fig ure 2). Wave form to -
mog ra phy re quires a good start ing model for best re sults, so 
traveltime to mog ra phy is the first step in ap pli ca tion of
wave form to mog ra phy (Brenders and Pratt, 2007). Thus,
first-ar rival traveltimes for the se lected dataset will be
picked, or the val ues will be ob tained from the pro cess ing
con trac tor. Based on these data, ini tial ve loc ity-depth mod -
els will be de rived us ing both the GLI ap proach (Hampson
and Rus sell, 1984) and traveltime to mog ra phy (Zelt and
Barton, 1998). Then the ap pli ca bil ity of wave form to mog -
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Fig ure 2. Lo ca tions of some of the vibroseis re flec tion lines re corded dur ing the 2008 Nechako Ba sin seis mic sur vey on a geo log i cal map of 
the re gion. The lines are shown in the form of binning maps from the pro cess ing con trac tor, these be ing a first stage in the com puter pro -
cess ing of the ac quired data. Each line is dis tin guished by a dif fer ent col our. The lo ca tion of the map is shown in the bot tom right by the red
rect an gle and on Fig ure 1 by the blue rect an gle. The bot tom mid dle il lus tra tion shows to pog ra phy for the same area as the main map.



ra phy for the vibroseis first-arrival waveforms will be
tested.

For sub-ob jec tive 2, first-ar rival wave form data will be iso -
lated from the re main der of the seis mic shot gath ers for the
se lected dataset. Data se lec tion and wave form pre-pro cess -
ing are im por tant for suc cess ful ap pli ca tion of the pro ce -
dure (Brenders and Pratt, 2007). Ini tially, wave form to -
mog ra phy will be ap plied to de ter mine P-wave ve loc ity
struc ture. De pend ent upon re sults and data char ac ter is tics,
wave form to mog ra phy will then be car ried out to de ter mine 
both P-wave ve loc i ties and P-wave seis mic at ten u a tion.
As sum ing this ap proach is suc cess ful, data from other lines
of the 2008 sur vey, se lected in con sul ta tion with the other
sci en tists work ing on the sur vey data, will be ac quired and
an a lyzed in a sim i lar man ner.

To ad dress sub-ob jec tive 3, the P-wave ve loc ity and at ten u -
a tion mod els will be in ter preted in terms of prob a ble rock
types, pri mar ily gla cial de pos its, sed i men tary rocks or vol -
ca nic rocks. This in ter pre ta tion will be aided by in for ma -
tion from the ex ist ing ex plo ra tion drillholes (Fig ure 1) and
knowl edge of the phys i cal prop er ties of var i ous rock types
(e.g., Ji et al., 2002). One sig nif i cant part of the in ter pre ta -
tion will be to es tab lish 1) the ex tent, if any, to which the Ju -
ras sic rocks ex posed in the Fawnie and Nechako ranges
(Fig ure 1) ex tend far ther south, and 2) the thick ness and na -
ture of the rocks over ly ing them. For ex am ple, do Cre ta -
ceous sed i men tary rocks over lie the Ju ras sic rocks and how 
thick are they? These in ter pre ta tions will be done in col lab -
o ra tion with the seis mol o gists in volved in the ac qui si tion
and processing of the main seismic survey and geologists
knowledgeable about the area.

Current Status

Vibroseis seis mic re flec tion data were ac quired along
seven lines in the Nechako Ba sin from June to Au gust of
2008 by CGGVeritas of Cal gary and are cur rently be ing
pro cessed by the same com pany. Dur ing the ac qui si tion in
July, BS spent two weeks in the field as a qual ity-con trol
mon i tor and to learn about the pro ce dures in volved in ac -
quir ing a ma jor seis mic re flec tion dataset. He is cur rently
fa mil iar iz ing him self with the seis mic re flec tion pro cess ing 
soft ware at the Uni ver sity of Brit ish Co lum bia (UBC) in
an tic i pa tion of re ceiv ing part of the dataset to ini ti ate the
pro ject. Line 10 (Fig ure 2) is the pre ferred ini tial choice be -
cause 1) it is rel a tively straight to ac com mo date wave form

to mog ra phy, which is based on a 2-D pro ce dure; and 2) it
crosses the ba sin im me di ately south of the ex posed Ju ras sic 
rocks. Data from line 10 will be ac quired from the con trac -
tor in an ap pro pri ate for mat for the UBC com puter system
in late November 2008, at which time the project research
can begin.
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Introduction

This pa per de scribes a pas sive-source seis -
mic map ping pro ject in the Nechako Ba sin
of cen tral Brit ish Co lum bia, with the goal of
as sess ing the hy dro car bon and min eral po -
ten tial of the re gion. Over the last de cade, an 
ex plo sion of the moun tain pine bee tle pop u -
la tion in cen tral BC has dev as tated the
lodgepole-pine for est in dus try on which
many com mu ni ties de pend. Min eral or en -
ergy ex trac tion may pro vide an al ter na tive
eco nomic op por tu nity for the re gion. The
Nechako Ba sin has been the fo cus of lim ited 
hy dro car bon ex plo ra tion since the 1930s. Twelve ex plor -
atory wells were drilled, and oil stains on drill chip sam ples, 
as well as the ev i dence of gas in drill stem tests, at test to
some hy dro car bon po ten tial. Seis mic data col lected in the
1980s were of vari able qual ity, mainly due to the ef fects of
vol ca nic cover in this re gion. This study will uti lize re cord -
ings of dis tant earth quakes to map sed i ment thick ness,
crustal thick ness and over all ge om e try of the Nechako Ba -
sin. An ar ray of seven seis mic sta tions were de ployed in
Sep tem ber 2006 (Ta ble 1, Fig ure 1) to sam ple a large area
of the ba sin and two ad di tional seis mic sta tions were de -
ployed in Oc to ber and No vem ber 2007 (Ta ble 1, Fig ure 1)
due to un ex pected lo cal earth quake swarms (Cassidy et al.,
2008b). This study will com ple ment in de pend ent ac tive-
source seis mic stud ies planned for the re gion by pro vid ing
site-spe cific im ages and con straints on the shear-wave ve -
loc ity struc ture. This re search will also com ple ment

magnetotelluric (MT) mea sure ments cur rently un der way
(Spratt and Cra ven, 2009), pro vid ing crit i cal new in for ma -
tion on po ros ity, frac tures and flu ids. This pa per de scribes
the meth ods that are be ing used, data col lec tion, prog ress of 
cal cu la tion and in ver sion for re ceiver func tions, some pre -
lim i nary re sults and fu ture work. In ad di tion, there is an
am bi ent noise study be ing con ducted by the Uni ver sity of
Man i toba (Idowu et al., 2009). It will com ple ment the re -
ceiver func tion study, which pro vides site-spe cific in for -
ma tion be neath the re cord ing sta tions by gen er at ing mod -
els that av er age the ve loc ity struc ture be tween pairs of
sta tions us ing data from the same seis mic sta tions as the re -
ceiver func tion study.

Methodologies

Receiver Function Analysis

The tech nique used in this study is re ceiver func tion anal y -
sis, in or der to con strain the shear-wave ve loc ity struc ture.
In this method, lo cally gen er ated P- to S-wave con ver sions
in P waves from dis tant earth quakes (teleseisms; Fig ure 2;
Cassidy, 1992, 1995; Eaton and Cassidy, 1996) are used to
map ma jor dis con ti nu ities be neath the nine three-com po -
nent seis mic sta tions de ployed across the Nechako Ba sin
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This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Seismic Station Location Code Latitude Longitude Elevation (km)
Anahim Lake, BC ALRB 52.510 -125.084 1.237

Cack lake1 seismic station, BC CLSB 52.759 -122.555 0.792
Fletcher Lake, BC FLLB 51.739 -123.106 1.189
southwest Quesnel, BC RAMB 52.632 -123.123 1.259
south of Vanderhoof, BC SULB 53.279 -124.358 1.171
Tatla Lake, BC TALB 52.015 -124.254 1.127
Thunder Mountain, BC THMB 52.549 -124.132 1.126
upper Baezaeko River, BC UBRB 52.890 -124.083 1.243
Fishpot Lake, BC FPLB 52.954 -123.779 1.005
1 unofficial place name

Table 1. Locations of broadband seismic stations in the Nechako Basin. Stations
ALRB, CLSB, FLLB, RAMB, SULB, TALB and THMB were deployed in September
2006; stations UBRB and FPLB were deployed in October and November 2007.

http://www.geosciencebc.com/s/DataReleases.asp
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Fig ure 1. Lo ca tion of study area. Filled tri an gles (and four-char ac ter sta tion codes) in di cate the lo ca tions of the nine broad band seis mic sta -
tions. Base map from Rid dell (2006).



(cov er ing an area of ap prox i mately 33 000 km2). The re -
ceiver func tions are cal cu lated from the re corded
teleseismic wave forms by deconvolving the ra dial com po -
nents with the cor re spond ing ver ti cal com po nents. This
method typ i cally re quires re cord ing for an ap prox i mately
two-year pe riod to col lect enough events sam pling a wide
range of di rec tions and dis tances.

The ad van tages of this method in clude
· site-spe cific in for ma tion (map ping dis con ti nu ities di -

rectly be neath the re cord ing site);
· S-ve loc ity in for ma tion (dif fi cult to ob tain from other

stud ies);
· abil ity to de ter mine in ter face ge om e try, in clud ing dip

an gle and di rec tion; and
· im ages ob tain able for struc ture be neath strong near-sur -

face re flec tors as the teleseismic en ergy is com ing from
be low, thereby pro vid ing im ages of both near-sur face
and crustal-scale struc ture.

Re ceiver func tions sub se quently in vert for S-wave ve loc ity 
struc ture us ing the neigh bour hood al go rithm (Sambridge,
1999a, b). This in ver sion ap proach is one of the di rect
search meth ods that is suit able for com plex non lin ear prob -
lems, such as re ceiver func tion anal y sis.

A sim i lar study, con ducted across the north ern Coast
Moun tains of BC to im age the coastal batholith, shows a

pro nounced change in crustal struc ture at the bound ary be -
tween the batholith and the wes tern most edge of the
Nechako Ba sin (Calkins et al., 2006). This at tests to the ca -
pac ity of this im ag ing method to re solve the crustal struc -
ture in this re gion.

The re ceiver func tion method has been re cently ap plied in
stud ies of sed i men tary bas ins around the world. In the
Bohai Bay Ba sin (China), Zheng et al. (2005) used re ceiver
func tions to map sed i men tary thick nesses (2–12 km) and
ve loc i ties to better un der stand the pe tro leum po ten tial of
this re gion. In the Mis sis sippi embayment, Julia et al.
(2004) com bined re sults from de tailed geotechnical, seis -
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Fig ure 2. Sche matic di a gram of the re ceiver func tion method.
When in ci dent P waves from dis tant earth quakes en coun ter S-
wave ve loc ity bound aries be neath a seis mic sta tion (top), some of
the en ergy is con verted to an S wave (Ps). The am pli tude and ar -
rival time of the Ps phase, rel a tive to the di rect P wave, pro vides
con straints on the ve loc ity con trast and depth to the in ter face
(Cassidy et al., 2008a).

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

Fig ure 4. Dis tri bu tion of dis tant earth quakes used in this study.
Stars in di cate large (mag ni tude >6), dis tant earth quakes. The map
is cen tred on the Nechako Ba sin seis mic ar ray, with dis tances of
3360 km (30°) and 11200 km (100°) in di cated. This is the use ful dis -
tance range for re ceiver func tion stud ies.



mic re flec tion and re ceiver func tion stud ies
to de ter mine the ve loc ity struc ture and den -
sity pro files of the sed i men tary col umn, as
well as sed i men tary thick ness. In Chile,
Law rence and Wiens (2004) com bined re -
ceiver func tion data with sur face-wave data
to map the sed i men tary rocks in the Rocas
Verdes Ba sin of Patagonia.

Data

In Sep tem ber 2006, seven three-com po nent
broad band seis mic sta tions were de ployed
across the Nechako Ba sin area of cen tral
BC, and two ad di tional sta tions were de -
ployed in Oc to ber and No vem ber 2007. The
sites were cho sen to sam ple a large por tion
of the ba sin and to be close to ex ist ing bore -
holes (Fig ure 1). These sta tions uti lize so lar
power and sat el lite data trans mis sion in or -
der to con tin u ously re cord ground shak ing,
trans mit the data in real time and ar chive it at 
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27 - 289

34 - 290
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34 - 292

Distance (°) - Back Azimuth (°)

Time (s)

Fig ure 5. Weighted, stacked ra dial re ceiver func tion for sta tion FLLB (top).
Epicentral dis tances and back az i muths are in di cated next to the re ceiver func tions.

Fig ure 6. Sam ple re ceiver func tions for se lect Nechako Ba sin sta tions. The large ar riv als in di cated by ar rows are con sis -
tent with a Ps con ver sion from the con ti nen tal Moho (near T = 4 s) and free-sur face mul ti ples of this phase near T = 12–17 s.



data col lec tion cen tres in Sid ney, BC and Ot tawa, ON. A
typ i cal sta tion setup, con sist ing of so lar pan els, a seis mic
vault and a sat el lite dish with as so ci ated elec tron ics, is
shown in Fig ure 3.

Dur ing two years of op er a tion (Sep tem ber 2006–Au gust
2008), more than 1000 in ter me di ate to large (mag ni -
tude >5.5), dis tant earth quakes (teleseisms) were re corded.

Among these events, 40 wave forms are the most ap pro pri -
ate for the re ceiver func tion anal y sis de scribed above, and
25 ad di tional wave forms may pro vide some in for ma tion.
The best 40 teleseisms for this study are shown in Fig ure 4.
These events cover a wide range of az i muth and dis tance,
pro vid ing a suit able dataset for ex am in ing ge om e try (dip
an gle and di rec tion) of the struc tural bound aries be neath
the seis mic sta tions.
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FLLB

Stacked

Distance 30–60° 

Stacked

Distance 60–100° 

Stacked

THMB
Distance 30–60° Distance 60–100° 

Stacked Stacked

Stacked

Fig ure 7. Re ceiver func tions from sta tion FLLB and THMB, or dered by back az i muths for two dif fer ent dis tance ranges (30–60° and 60–
100°). Thin ar rows on the left show the back az i muth for each event. Thick ar rows in di cate the shift ing of ar riv als cor re spond ing to the same
phase. Stacked re ceiver func tions are la belled.



Re ceiver func tions com puted from the events that have
sim i lar dis tances and back az i muths are stacked to gether to
iden tify the ro bust phases. By this pro cess, the am pli tude of 
sig nif i cant ar riv als as so ci ated with dis con ti nu ities add con -
struc tively and are en hanced, whereas noise is sup pressed
(Fig ure 5).

Preliminary Results

To date, re ceiver func tions have been com puted for wave -
forms col lected over 2 years at three sta tions within the
Nechako Ba sin: FLLB, THMB and SULB. These pre lim i -
nary re ceiver func tions are con sis tent and show ar riv als in -
dic a tive of sed i men tary rocks in the ba sin and crustal thick -
ness vari a tions. For ex am ple, the re ceiver func tions for the
mag ni tude 8.1 Kuril Is lands earth quake on Jan u ary 13,
2007 is shown in Fig ure 6. The ar rival at time ‘0’ is the di -
rect P wave; other ar riv als are lo cally gen er ated P- to S-
wave con verted phases and free-sur face mul ti ples. A small-
am pli tude ar rival at T = 0, fol lowed im me di ately by large-

am pli tude ar riv als, is in dic a tive of near-sur face low-ve loc -
ity sed i men tary rocks. The Ps-con verted phase near 4 s is
as so ci ated with the con ti nen tal Moho (as are the mul ti ples
at 12–17 s). The ear lier ar riv als (i.e., the ar riv als within the
first 2 s) are as so ci ated with near-sur face, low-ve loc ity sed -
i men tary rocks.

Al though some ar riv als in di cate the same phase from the
dis con ti nu ity, pos si bly the Moho, they may vary with the
back az i muth. There is also a vari a tion in ar rival time with
dis tance (Cassidy, 1992). Thick ar rows in Fig ure 7 show
the shift ing of ar riv als with the same phase.

The pre lim i nary S-wave model in di cates that the crustal
thick ness of the ba sin is about 37 km with an ~3 km thick
sed i men tary layer on the top and low-ve loc ity zone at ~20–
37 km depth (Fig ure 8). The dis con ti nu ity around 37 km
depth in the model in di cates the Moho.

Future Work

Re ceiver func tions will be com puted for all suit able events
for re main ing sta tions. These will be also stacked into dis -
tance and az i muth bins and mod elled for S-wave ve loc ity
struc tures for all sta tions within the Nechako Ba sin. Am pli -
tudes and ar rival times will be used to con strain the S-wave
ve loc ity con trast and depth of the bound ary, and az i muth
vari a tions in the re ceiver func tions will help con strain the
ge om e try of the in ter faces. This re search is a work in prog -
ress, be ing con ducted by a Uni ver sity of Vic to ria M.Sc. stu -
dent (H. Kim). The ex pected com ple tion date of the study is 
Au gust 2009.
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Introduction

Am bi ent seis mic noise is gain ing
pop u lar ity as an ef fec tive method for 
im ag ing large-scale crustal struc ture 
(e.g., see Bensen et al., 2007, 2008).
As sum ing that seis mic noise con -
tains waves prop a gat ing in all di rec -
tions, cross-cor re lat ing suf fi ciently
long noise re cords re corded si mul ta -
neously at two in stru ments will re -
cover a Green’s func tion—that is, a
re cord equiv a lent to a seismogram
re corded at one sta tion from a source 
at an other sta tion. Given the fre -
quency dis tri bu tion of microseismic
noise, this Green’s func tion is typ i -
cally dom i nated by high-fre quency
Ray leigh waves re flect ing large-
scale crustal struc ture, and is well
suited to imaging sedimentary
basins on a broad scale.

The au thors are in the pro cess of us -
ing am bi ent-noise sur face-wave to -
mog ra phy to ex am ine the Nechako Ba sin, Brit ish Co lum -
bia. The ba sin has been dif fi cult to ex plore due to the
pres ence of Ter tiary vol ca nic out crops. The vol ca nic rock
that cov ers a ma jor part of the ba sin has a strong ve loc ity in -
ver sion at its base, mak ing it dif fi cult to use con ven tional
seis mic meth ods. Am bi ent-noise sur face-wave to mog ra -
phy will help un ravel the struc tural com po si tion of the ba -
sin by es ti mat ing thick nesses of vol ca nic and sed i men tary
rocks, lat eral ve loc ity vari a tions and crustal thick nesses
within the ba sin area. These re sults will have ap pli ca tions
to min eral and hy dro car bon ex plo ra tion in the re gion by

pro vid ing con straints on S-wave ve loc ity, P-wave ve loc ity,
Pois son’s ra tio and layer thick ness. In this study, the
method, data and pre lim i nary re sults as of Oc to ber 2008 are 
de scribed. In a re lated study (Kim et al., 2009), teleseismic
receiver functions are providing site-specific constraints
on S-wave velocity.

Data and Method

This study cross-cor re lated the ver ti cal com po nent of am -
bi ent seis mic-noise data re corded by 12 POLARIS and Ca -
na dian Na tional Seis mo graph Net work CNSN seis mic sta -
tions be tween Sep tem ber 2006 and No vem ber 2007. The
sta tions used (white tri an gles on Fig ure 1) lie be tween lat i -

tudes 50.8–55.1°N and lon gi tudes 122–128°W (Fig ure 1).
A typ i cal sta tion lay out is shown in Fig ure 2. The data pro -
cess ing pro ce dure was based on that of Bensen et al.
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Fig ure 1. Lo ca tion of seis mic sta tions in the Nechako Ba sin and sur round ing area. Sta tions
used in this study are in di cated by white tri an gles.
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(2007). The time lengths of some data are shorter than
14 months as a result of station down-time.

Data were cor rected for in stru ment re sponse, nor mal ized
us ing a one-bit pro cess to equal ized am pli tudes, and then
spec trally whit ened. Data for all pos si ble sta tion pairs were
then cross-cor re lated in day-long blocks. Sin gle-day cross-
cor re la tions (Fig ure 3) were quite noisy; stack ing all avail -
able cross-cor re la tions (Fig ure 4) greatly improved the
results.

The stacked sig nal (Fig ure 4a) con tains sig nal at both pos i -
tive and neg a tive lags, rep re sent ing prop a ga tion in both di -
rec tions be tween the two sta tions. For evenly dis trib uted
noise sources, the sig nal should be sym met ric about zero-
lag time; the pres ence of asym me try in our re sults is in dic a -
tive of a pre ferred noise di rec tion. For fur ther anal -
y sis, we summed the pos i tive-lag and neg a tive-lag
signals together (Figure 4b).

The main sig nal in our re con structed seismograms
is a high-fre quency Ray leigh wave. As Ray leigh
waves are dispersive (i.e., they have fre quency-de -
pend ent ve loc i ties), and the dis per sion is con trolled 
by ve loc ity dis tri bu tion with depth, fre quency-time
anal y sis was used to mea sure the group ve loc ity
dis per sion re la tion for each sta tion pair. The tech -
nique in volves ap ply ing a se quence of Butterworth
fil ters at se lected fre quency bands and mea sur ing
the group ar rival times on the en ve lope of the fil -
tered sig nals (Fig ure 5; Levshin et al., 1972). In or -
der to es ti mate the er ror on these mea sure ments,
dis per sion char ac ter is tics were mea sured on all se -
quen tial three-month stacks, so that for each Ray -
leigh wave form, that are ap prox i mately five dis per -
sion curves in stead of one from the 14-month stack.
If at least three out of the five dis per sion curves are
re peated or nearly re peated mea sure ments, their

stan dard er ror was com puted at 95% cer tainty. Also, if the
cal cu lated stan dard er ror is >0.3 km/s, the mea sure ment
was re jected. Where the above re quire ments are sat is fied,
the au thors are con fi dent in the dis per sion curve mea sure -
ment from the 14-month stack, which will be used to
generate dispersion maps and 1D velocity models.

Preliminary Results

Fig ure 6 is an ex am ple of some of the dis per sion curves es -
ti mated from Ray leigh-wave ve loc ity val ues af ter de ter -
min ing un cer tain ties in the dis per sion curves. The dis per -
sion curves tend to con verge at fre quency <0.30 Hz and
>0.55 Hz. Sig nif i cant vari a tion in the dis per sion curves
was ob served be tween 0.30 Hz and 0.55 Hz, prob a bly re -
sult ing from crustal ve loc ity vari a tions be tween paths. Fur -
ther pro cess ing of these curves will in volve two forms of
in ver sion: lin ear tomographic in ver sion of group ve loc i -
ties, which will pro duce a map of group ve loc ity for each
fre quency range, and 1-D non lin ear in ver sion of in di vid ual
dis per sion curves, which will pro duce mod els of seis mic
ve loc ity as a func tion of depth. From the to mog ra phy maps, 
re lat ing the ob served group-ve loc ity vari a tions to lat eral
changes in ge ol ogy within and out side of the Nechako Ba -
sin can be ex pected. One-di men sional mod els will ref er -
ence these changes to depth and de fine ma jor crustal layers. 
Both modes of inversion are ongoing and are expected to be 
complete by May 2009.
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Fig ure 2. Pho to graph of the seis mic sta tion THMB (see Fig ure 1 for
lo ca tion).

Fig ure 3. Ex am ple of a sin gle-day cross-cor re la tion for the travel path be -
tween SULB and ALRB.
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Fig ure 4. a) Asym met ric wave form, pro duced by stack ing 14 months of cross-cor re lated sig -
nals. b) Sym met ric wave form, pro duced by sum ming the causal and noncausal por tions of the
wave form in a).

Fig ure 5. Graphs show ing the es ti ma tion of dis per sion char ac ter is tics: a) es ti mated Ray leigh
wave form pro duced be tween sta tion SULB and ALRB is fil tered at se lected fre quency bands; the
group ar rival time cor re spond ing to the peak of the en ve lope is mea sured in each band; the group
ve loc ity is the ra tio of the dis tance be tween the two seis mic sta tions and the group ar rival time; b)
the dis per sion curve, made by plot ting the group ve loc ity (km/s) against the cen tre fre quency of
each band (Hz).
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Introduction

The rapid spread and de struc tive ef fects of the moun tain
pine bee tle (MPB) in ar eas of Brit ish Co lum bia have
prompted the need to de velop eco nomic di ver si fi ca tion op -
por tu ni ties for the in te rior of the prov ince. As a re sult,
Geoscience BC has ini ti ated a num ber of pro jects with the
aim of as sess ing the min eral and pe tro leum po ten tial of the
af fected re gion. Lim ited ex plo ra tion to date has in di cated
some po ten tial for oil and gas res er voirs within the in te rior
bas ins of cen tral BC, in clud ing the Nechako sed i men tary
ba sin (Hannigan et al., 1994; Hamblin, 2008). In or der to
gain a better un der stand ing of the po ten tial for hy dro car bon 
re sources in the re gion, a magnetotelluric sur vey, de signed
to eval u ate the use ful ness of the method in oil and gas ex -
plo ra tion and to char ac ter ize the con duc tiv ity struc ture of
the Nechako Ba sin, was con ducted in the fall of 2007
(Spratt et al., 2008; Spratt and Craven, 2008; Figure 1).

The Nechako Ba sin is an Up per Cre ta ceous to Oligocene
sed i men tary ba sin lo cated in the Intermontane Belt of the
Ca na dian Cor dil lera (Fig ure 1). The ba sin formed in re -
sponse to terrane amal gam ation to the west ern edge of an -
ces tral North Amer ica, and con sists of over lap ping sed i -
men tary se quences (Mon ger et al., 1972; Mon ger and
Price, 1979; Mon ger et al., 1982; Gabrielse and Yorath,
1991). Un der ly ing the Nechako sed i men tary rocks are the
Stikine and Quesnel vol ca nic arc ter ranes, sep a rated by the
oce anic Cache Creek Terrane (Struik and Mac In tyre,
2001). Transpressional tec tonic pro cesses were dom i nant
un til the Eocene, with west ward-di rected thrust ing be -
tween the Stikine and Cache Creek ter ranes prior to 165 Ma
(Best, 2004). Re gional transcurrent fault ing and as so ci ated
east-west ex ten sion, be gin ning in the Late Cre ta ceous,
were ac com pa nied by the extrusion of basaltic lava in
Eocene and Miocene times.

Ba saltic flows of the Neo gene Chil cotin Group, vol ca nic
rocks of the Eocene Endako and Ootsa Lake groups, and
Pleis to cene gla cial de pos its cover a large por tion of the
Nechako Ba sin, com pli cat ing the in ter pre ta tion of mod ern
subsurface im ag ing meth ods. As a re sult, much of the stra -
tig ra phy and struc ture of the un der ly ing sed i men tary rocks
re mains un cer tain. It has been sug gested that the Chil cotin
Group can reach a thick ness of ~200 m and av er ages
~100 m (e.g., Mathews, 1989); how ever, new stud ies sug -
gest that it is com par a tively thin (<50 m) across most of its
dis tri bu tion and only thick (>100 m) in paleochannels (An -
drews and Rus sell, 2008). The pres ence of the sur face ba -
saltic flows and Ter tiary vol ca nic rocks cov er ing most of
the re gion has, to date, pre vented uni form and con sis tent
seis mic-en ergy pen e tra tion and has com pli cated the mag -
netic in ter pre ta t ions.  I t has been shown that  the
magnetotelluric (MT) method can be use ful in re solv ing
geo log i cal struc tures that are less fa vour able for char ac ter -
iza tion by seis mic meth ods (Unsworth, 2005; Spratt et al.,
2007). As the method is sen si tive to but not im peded by the
sur face vol ca nic rocks and can de tect vari a tions within the
dif fer ent units, it can be useful in locating the boundaries of
the Nechako Basin and defining its internal structure.

Methodology

The magnetotelluric (MT) method mea sures the nat u ral
time-vary ing elec tri cal and mag netic fields at the sur face of 
the Earth to pro vide in for ma tion on the elec tri cal con duc -
tiv ity of its subsurface (Cagniard, 1953; Wait, 1962; Jones,
1992). Sig nal for MT is gen er ated from in ter ac tions be -
tween so lar winds and the ion o sphere at low fre quen cies,
and from dis tant light ning storms at higher fre quen cies.
The MT re sponse curves (phase lags and ap par ent
resistivities) are cal cu lated from the mea sured fields at var -
i ous fre quen cies for each site re corded. As lower fre quen -
cies pen e trate deeper through re sis tive ma te ri als, an es ti -
mate of con duc tiv ity vari a tion with depth can be made from 
the response curves beneath each site.

Where the Earth is elec tri cally two-di men sional (2-D), the
con duc tiv ity var ies lat er ally along a pro file and with depth.
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Fig ure 1. Re gional ge ol ogy of the study area (Rid dell, 2006), show ing the lo ca tion of the magnetotelluric sta tions and the bore -
hole wells.



In this case, ap par ent resistivities and phases dif fer along
strike com pared to those in the per pen dic u lar di rec tion, and 
some form of directionality anal y sis is re quired to de ter -
mine the pre ferred geoelectric strike di rec tion. The trans -
verse-elec tric (TE) mode re fers to the along-strike di rec -
t ion and the t rans  verse-mag net ic  (TM) mode is
perpendicular to strike.

The MT method is sen si tive to con trasts in the re sis tiv ity of
jux ta posed ma te ri als and can there fore dis tin guish be tween 
some lithological units. Ba salt and ig ne ous rocks, for ex -
am ple, com monly have elec tri cal re sis tiv ity val ues
>1000 ohm-m (Ù-m), whereas sed i men tary rocks are less
re sis tive, with val ues rang ing be tween 1 and 1000 Ù-m. In
the crust, other fac tors that can greatly in flu ence the over all
con duc tiv ity of a spe cific unit in clude the pres ence of sa line 
flu ids, changes in po ros ity and the pres ence of graph ite
films or in ter con nected me tal lic ores (Haak and Hutton,
1986; Jones, 1992). In ad di tion to de fin ing struc ture, the
MT method may be able to pro vide some es ti mate of bulk
prop er ties, such as po ros ity and per cent sa lin ity, that may
give direct evidence for the presence of hydrocarbons
(Unsworth, 2005).

Data and Analysis

Com bined high-fre quency au dio-magnetotelluric (AMT)
and broad band (BBMT) data were col lected at a to tal of
734 sites through the south ern part of the Nechako Ba sin in
the fall of 2007 (Fig ure 1). The data were ac quired by
Geosystem Can ada us ing MTU-5A re cord ing in stru ments
man u fac tured by Phoe nix Geo phys ics Ltd. of To ronto. The
data were pro cessed by Geosystem us ing ro bust re mote ref -
er ence tech niques re sult ing, in gen eral, in ex cel lent data
qual ity cov er ing a pe riod range of nearly seven de cades
(0.0001–1000 sec onds). The dataset was di vided into eight
sep a rate pro files for sub se quent data analysis and 2-D
modelling (Figure 1).

Sin gle-site and multisite Groom-Bailey de com po si tions
were ap plied to each of the MT sites along pro files A, B, C,
D and F, in or der to de ter mine the most ac cu rate geoelectric
strike di rec tion and to an a lyze the data for dis tor tion ef fects
(Groom and Bailey, 1989; McNeice and Jones, 2001). Fig -
ure 2 il lus trates the re sults of sin gle-site strike anal y sis for
each de cade pe riod band re corded at each site along the
pro files. Nearly all of the sites show a max i mum phase dif -

fer ence be tween the two modes of less than 10° at pe ri ods
be low 0.1 sec ond (s), in di cat ing that the data are in de pend -
ent of the geoelectric strike an gle and can be con sid ered 1-
D. The max i mum phase splits are ob served be tween
0.1 and 10 s, where small changes in the se lected strike an -
gle will most affect the data and associated errors.

Pro files A and C are sim i lar, with strikes of 5–10° at the
wes tern most edge of the pro files chang ing to a strike of

~35° to wards the east. Pro file B shows only mod er ate phase 
splits at only a few sites, sug gest ing that the ma jor ity of the
data are 1-D. Pro file D shows much stron ger phase splits,

with a pre ferred strike an gle of ~32° for most sites to pe ri -
ods of 100 s; how ever, the mis fit val ues for the de com posed 
data, even when no con straints were placed on the data,
were sig nif i cantly high. This is a strong in di ca tion of 3-D
dis tor tion ef fects, so 2-D mod els may not ac cu rately rep re -
sent the data. Re sults along pro file F in di cate strong phase
dif fer ences at pe ri ods greater than 1 s with a fairly con sis -

tent strike an gle of 22–28°. In gen eral, there is a roughly
north east to south west trend ob served in the vari a tions in
the geoelectric strike an gle. These changes may have re -
sulted from dif fer ent tec tonic pulses, where the stress
directions are preserved in the conductivity structure.

Data Modelling and Preliminary Results

One-Dimensional Models

One-di men sional mod els have been gen er ated for all of the
MT sites within the Nechako Ba sin. Lay ered Earth mod els
were  de r ived  f rom Occam in  ver  s ions us  ing  the
Wi n g L in k T M  i n  t e r  p r e  t a  t i on  so f t  wa r e  pack  ag e .
Dimensionality and depth anal y sis in di cate that, in gen eral,
the data can be con sid ered 1-D up to pe ri ods be tween
0.1 and 1 s, cor re spond ing to depths be low 1000–2500 m.
Fig ure 3 shows the re sults of the 1-D mod els for vary ing
depth slices in the MT sur vey re gion. In gen eral, among the
north ern set of sites, there ap pears to be a north east to
south west trend in con duc tiv ity struc ture, con sis tent with
the re sults from the de com po si tion anal y sis. How ever,
more com plex struc ture is re vealed in the south ern set of
sites, and ad di tional dimensionality anal y sis is nec es sary.
At 50 m depth, the blue re gion at the wes tern most ex tent of
the sur vey area most likely rep re sents the re sis tive vol ca nic
cover. Con sis tent with the re sults from An drews and Rus -
sell (2008), the lim ited lat eral ex tent of this re sis tor sug -
gests that the vol ca nic cover is ei ther thin ner than 50 m or
not as wide spread as ini tially pre sumed. There is a change
in con duc tiv ity from ~200 to >700 Ù-m in the east ern half
of the sur vey area be tween depths of 1000 and 2000 m. This 
likely rep re sents the change from con duc tive sed i men tary
rocks to the un der ly ing re sis tive base ment units; how ever,
this change is not ob served through the en tire re gion, in di -
cat ing that the sed i men tary pack ages are thicker to wards
the east ern edge of the Nechako Ba sin. An an oma lously
con duc tive zone (<15 Ù-m) is ob served in the cen tre of the
MT sur vey re gion at a depth of 500 m, along pro file D,
within the sed i men tary units and appears to dip towards the
east. These dramatic changes may be related to salinity of
groundwater or changes in porosity.

Two-Dimensional Modelling

Two-di men sional mod els have been gen er ated along pro -
files A, B, C, D and F us ing the WingLink in ter pre ta tion
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Fig ure 2. Pre ferred geoelectric strike an gle at each de cade pe riod band re corded for each of the MT sites
within in the Nechako Ba sin. The colours il lus trate the max i mum phase dif fer ence be tween the TM and TE
modes, where the warmer colours rep re sent a higher phase split.
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Fig ure 3. Re sults of one-di men sional mod el ling of all MT sites within the Nechako Ba sin
at var i ous depths within the Earth. The warm colours rep re sent ar eas of high con duc tiv ity
and the cooler colours rep re sent re sis tive re gions.



soft ware pack age (Fig ure 4). More than 100 it er a tions were 
ex e cuted and in cluded data from the TE mode, the TM
mode and the ver ti cal field trans fer func tion, in the pe riod
be tween 0.0001 and 1000 s. All of the mod els re veal a de -
crease in con duc tiv ity at depths rang ing from 1000 to
3000 m, cor re spond ing to ap prox i mate depth es ti mates for
the thick ness of the Nechako sed i men tary pack ages. This
in di cates that the MT data are sen si tive to the base of the
Nechako Ba sin and can delineate its structural boundaries.

In ad di tion, along-pro file vari a tions in the con duc tiv ity
struc ture are re vealed. Fea ture A (Fig ure 4b, d) is an an -

oma lously con duc tive re gion (>10 Ù-m) that lies within the 
sed i men tary units. This fea ture is ob served at the north ern
end of pro file B and along the west-cen tral part of pro file D, 
con sis tent with the north east to south west trend ob served in 
the strike anal y sis. Causes for sig nif i cantly high con duc tiv -
ity may in clude the pres ence of sa line flu ids, graph ite
sheets or sulphides, or may re sult from a sig nif i cant in -
crease in the rel a tive po ros ity of the sed i men tary rocks.
Fea ture B is an an oma lously re sis tive unit lo cated at shal -
low depths along pro file C (Fig ure 4c). This fea ture cor re -
lates spa tially with the mapped ex po sure of the vol ca nic-
arc as sem blages of the Hazelton Group of the Stikine
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Fig ure 4. Cross-sec tions il lus trat ing the two-di men sional mod els gen er ated along pro files A, B, C and D. The lo cal ge ol ogy is shown above
each pro file and the dif fer ent units are de scribed in the leg end for Fig ure 1. The red squares mark the sec tions where de tailed fo cused in ver -
sions have been gen er ated and shown in Fig ure 5. The black lines il lus trate struc tural bound aries in the lat eral con ti nu ity of the shal low con -
duc tive layer.



Terrane. Ad di tional mod el ling is re quired to con -
strain the struc tural na ture of this fea ture. The
east ern most ex tent of pro file D il lus trates ma jor
struc ture at mid-crustal depths, la belled as fea -
ture C. These struc tures may be re lated to the lat -
eral fault-bounded east ern ex tent of the Nechako
Ba sin, and may be an in di ca tion for north-north -
west-strik ing subvertical splays of the Fra ser
fault. Sev eral breaks in the con ti nu ity of the up per
con duc tor are ob served along many of the pro files
(Fig ure 4a, c, d). These may rep re sent faulting that
juxtaposes resistive material from deeper regions
against the conductive sedimentary rocks.

Pre lim i nary 2-D mod el ling has been ini ti ated
along pro file F (not shown). Al though ad di tional
test ing is re quired to as sess the va lid ity of the
model, there is a gen eral deep en ing of the re sis tive
lower layer from north east to south west. This is
con sis tent with in ter pre ta tion of the seis mic data,
which sug gests a thick en ing of the Cre ta ceous
sed i men tary rocks to wards the south west
(Hayward and Calvert, 2008).

Pro files A, B, and D were di vided into shorter seg -
ments, and each seg ment was mod elled sep a rately
to ob tain higher res o lu tion of the shal low struc ture 
be neath the pro file and to gen er ate a model that
rea son ably fits all the data. This is achieved by al -
low ing a denser mesh and by re duc ing weighted
av er ag ing be tween sites by fit ting the model to a
smaller dataset. These fo cused in ver sions en able
the res o lu tion of en hanced de tail, such as im ag ing
the surficial vol ca nic rocks where they are thicker
than ~50 m (Fig ure 5a), and re veal spe cific struc -
ture that im poses con straints on the lat eral con ti -
nu ity of the con duc tive sed i men tary rocks (Fig -
ure 5b, d). In ad di tion, they al low for a com par i son 
be tween the mod els and geo log i cal ob ser va tions
in the bore holes (Fig ure 5b). They also re sult in
mod els that have a better fit to the data, reducing
inaccurate modelling effects (Figure 5c).

Conclusions and Future Work

Con tin ued anal y sis of magnetotelluric data col -
lected through out the Nechako Ba sin has, to date,
yielded one-di men sional mod els for the en tire
dataset and two-di men sional con duc tiv ity mod els
along four of the seven ma jor pro files. A con duc -
tiv ity con trast be tween the sur face vol ca nic rocks,
the Nechako sed i men tary rocks and the un der ly -
ing base ment rocks is ob served, in di cat ing that the 
method is ca pa ble of im ag ing the struc ture of the
ba sin. The two-di men sional mod els im age the sur -
face vol ca nic rocks in iso lated lo ca tions, sug gest -
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Fig ure 5. Ex am ples of the de tail ob tained with fo cused two-di men sional in ver -
sions along sec tions of the main pro files. The red line marks the bound ary be -
tween the con duc tive up per unit and a more re sis tive un der ly ing layer, which
is in ter preted as the base of the Nechako sed i men tary rocks. The black line in -
di cates the base of the sur face bas alts. Wells d-96-A and a-4-L (from Ferri and 
Rid dell, 2006) are shown in (b).



ing that they are ei ther too thin to be de tected us ing au dio-
magnetotelluric meth ods or they are not as wide spread as
ini tially thought. The thick ness of the sed i men tary pack -
ages var ies greatly along the dif fer ent pro files, and struc -
tural con straints are placed on the lat eral con ti nu ity of the
con duc tive sed i men tary rocks. Along-strike vari a tions in
con duc tiv ity within the sed i men tary pack ages are ob -
served, sug gest ing changes in min er al ogy, po ros ity or sa -
lin ity. Char ac ter iz ing these changes will be important in
assessing the potential for oil and gas within the region.
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Introduction

The Jack ass Moun tain Group (JMG) is a thick ac cu mu la -
tion (2–4 km) of clastic strata, which was de pos ited in the
Methow Ba sin in late Early Cre ta ceous time. The Methow
Ba sin is part of a com plex Ju ras sic–Cre ta ceous depocentre
that over lies a num ber of allochthonous ter ranes of the
south ern Ca na dian Cor dil lera (Fig ure 1a, b). The ba sin has
been struc tur ally imbricated and dis mem bered by Cre ta -
ceous con trac tion and Late Cre ta ceous to Ter tiary
transpression along the east ern edge of the In su lar Belt and
the west ern edge of the Intermontane Belt, and is cur rently
ex posed in a se ries of fault blocks strung out along the
Yalakom, Fra ser, Hozameen and Pasayten faults. Along the 
south ern mar gin of the Nechako Pla teau, two ma jor ex po -
sures of the JMG of the Methow Ba sin on op po site sides of
the Yalakom fault are spa tially as so ci ated with the partly
co eval Tay lor Creek Group of the Tyaughton Ba sin. These
strata ex tend north ward un der Neo gene vol ca nic cover and
po ten tially rep re sent an im por tant hy dro car bon reservoir
within the Nechako Basin (Ferri and Riddell, 2006).

Ac cu rate as sess ment of the pe tro leum po ten tial of the
Nechako Ba sin re quires a com pre hen sive anal y sis of the
ba sin ar chi tec ture that de vel oped within these Cre ta ceous
strata, which rep re sent the most pro spec tive tar gets in the
subsurface be neath the Nechako Pla teau. How ever, re -
gional fa cies pat terns and ba sin ar chi tec ture of the Cre ta -
ceous strata are poorly un der stood. The pri mary ob jec tive

of this in ves ti ga tion is to un der take a com pre hen sive
re gional anal y sis of tem po ral and spa tial lithofacies vari a -
tions in Lower Cre ta ceous strata along the south ern mar gin
of the Nechako Ba sin; this will as sist in con strain ing ba sin
evo lu tion and depositional his tory. This anal y sis will pro -
vide first-or der con straints on the na ture of Lower Cre ta -
ceous strata in the subsurface, which are con sid ered the
most sig nif i cant pe tro leum tar gets in the Nechako Ba sin
(Hannigan et al., 1994); such an analysis is also a pre req ui -
site for an accurate assessment of reservoir quality.

Regional Geological Setting

Re gional map ping and strati graphic stud ies dem on strate
that Lower Cre ta ceous clastic strata of the Methow and
Tyaughton bas ins rep re sent an over lap as sem blage link ing
sev eral small allochthonous ter ranes (Methow, Bridge
River, Cadwallader) with the east ern edge of the In su lar
Belt (Garver, 1992). The Hauterivian to Cenomanian–
Turonian (?) JMG is a thick (2–4 km) suc ces sion of pri mar -
ily feldspathic sand stone, siltstone and lesser con glom er ate 
that un con form ably over lies Mid dle to Up per Ju ras sic
strata. The JMG has been in ter preted by Kleinspehn (1982,
1985) as a coars en ing-up ward or progradational sub ma -
rine-fan com plex, al though sub se quent in ves ti ga tions sug -
gest the sys tem is a more com plex as sem blage of sub ma -
rine-fan, deltaic and flu vial lithofacies (Schiarizza et al.,
1997; Schiarizza and Rid dell, 1997; Mus tard et al., 2008).
The Aptian to Cenomanian Tay lor Creek Group is a thick
suc ces sion of compositionally het er o ge neous feldspathic
to chert-lithic sand stone, chert-peb ble con glom er ate and
siltstone that un con form ably over lies Mid dle Ju ras sic and
older strata of the Bridge River and Cadwallader ter ranes
(Garver, 1992). The Tay lor Creek Group is in ter preted as
hav ing been de pos ited in a sub ma rine-fan com plex in a
two-sided ba sin dur ing ma jor Albian–Cenomanian
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Fig ure 1. Re gional geo log i cal frame work and lo ca tion of ma jor ar eas of study dis cussed in this pa per: a) morphogeological belts of the Ca -
na dian Cor dil lera; the boxed area in di cates the lo ca tion of (b); b) terrane map show ing the re gional geo log i cal frame work of the Methow
Terrane, in clud ing the Chilko Lake and the Yalakom blocks; c) smaller-scale terrane and geo log i cal map show ing the lo ca tion of the Chilko
Lake and Yalakom blocks (JMG) in re la tion to physiogeographic and geo graphic land marks (mod i fied with per mis sion from Ferri and Rid -
dell, 2006, and Rid dell, 2006).



contractional tectonism (Garver, 1992). Both the JMG and
Tay lor Creek Group are over lain by Albian–Santonian flu -
vial con glom er atic and volcaniclastic rocks of the
Silverquick and Powell Creek for ma tions, which were de -
pos ited in a com plex series of northeast-vergent piggy-
back basins (Schiarizza et al., 1997; Riesterer et al., 2001).

Cre ta ceous strata of the Methow and Tyaughton bas ins are
bor dered on the south west by in tru sive rocks of the Coast
Plutonic Com plex (CPC), on the north by Neo gene vol ca -
nic rocks of the Nechako Pla teau, and on the east by Tri as -
sic to Cre ta ceous arc vol ca nic and as so ci ated strata of the
Quesnellia Terrane. Ter tiary dextral transpression led to the 
de vel op ment of sev eral ma jor north west-trending high-an -
gle strike-slip faults along the east ern mar gin of the CPC
that ef fec tively dis mem bered the Cre ta ceous out crop belt
into sev eral struc tural pan els (Fig ure 1). Dextral trans la tion 
along the Tchaikazan, Yalakom and Fra ser faults and as so -
ci ated struc tures is pri mar ily Late Cre ta ceous–Oligocene,
and is lim ited in its ex ten sion to sev eral tens to more than
one hundred kilometres per fault.

Facies Description and Distribution

The JMG is con tained within two ma jor out crop belts, one
on the north ern side of the Yalakom fault, which is re ferred
to as the Yalakom block, and one on the south west ern side
of the Yalakom fault, re ferred to as the Chilko Lake block
(Fig ure 1b, c). These two fault slices are off set by ap prox i -
mately 125 km of sinistral dis place ment on the Yalakom
fault (Umhoefer and Miller, 1996). The most com plete,
struc tur ally in tact strati graphic sec tions are ex posed in a
ma jor north east-trending synclinorium within the Chilko
Lake block, where JMG strata un con form ably over lie the
Mid dle Ju ras sic Nemaia For ma tion and Mid dle to Up per
Ju ras sic Re lay Moun tain Group (Fig ure 2). The up per Tay -
lor Creek Group is ex posed in a south-dip ping monocline
10 km south east of the JMG syncline, across the Konni
Lake fault, where it un con form ably over lies the Re lay
Moun tain Group. In the Yalakom block, JMG strata are ex -
posed in the cen tral part of a ~150 km long, south ward-ta -
per ing wedge of mainly me dium- to coarse-grained sand -
stone, siltstone and polymictic con glom er ate, which lies
be tween the Yalakom and Fra ser fault sys tems. The belt is
cut by sev eral high-an gle faults (Schiarizza et al., 1997) and 
is part of a broad, asym met ric synclinorium with the base of 
the JMG ex posed in steeply dip ping beds on the west ern
limb east of the Yalakom River, and the up per por tion ex -
posed in moderately west-dipping beds on the eastern limb
(Mustard et al., 2008).

Jackass Mountain Group

One of the pri mary ob jec tives of this in ves ti ga tion is to doc -
u ment the lat eral and ver ti cal vari a tion in strati graphic ar -
chi tec ture and, from this data, re con struct the his tory of ba -
sin evo lu tion in the Cre ta ceous ba sin sys tem. Strati graphic

anal y sis of the JMG along the south ern mar gin of the
Nechako Pla teau has iden ti fied dis tinct lithofacies as so ci a -
tions that grade lat er ally and ver ti cally into one an other,
and pro vide a re cord of ba sin evo lu tion from Hauterivian to 
at least Cenomanian time.

A. Proximal Delta Front

The stratigraphically low est unit in the Chilko Lake area is
a ~400 m thick suc ces sion of sand stone, sand stone with
peb bly string ers and lesser len tic u lar con glom er ate. The
unit is thick est on the east ern side of the north ern limb of the 
synclinorium, and thins to the south and to the west, char ac -
ter iz ing the area as pre sent ing signs of a wedge-shaped ge -
om e try (Fig ure 3, left two col umns). The sand stone dis -
plays abun dant pla nar-par al lel strata with lesser low-an gle
pla nar to pla nar cross-strat i fi ca tion. Rare bi valve fos sils
and sparse bioturbation are pres ent. Len tic u lar, ma trix-sup -
ported to rare clast-sup ported peb ble con glom er ate en -
cased in sand stone se quences are in ter preted as chan nel de -
pos its. This unit coars ens then fines up ward and the
up per most 100 m of the sec tion con tains siltstone in ter vals
which dis play cur rent- to wave-gen er ated lami na tions,
features which all suggest that an upward decrease in
energy occurred.

The wedge-shaped ge om e try, pres ence of shal low-ma rine
fos sils, cur rent-gen er ated cross-strat i fied sands and len tic -
u lar con glom er ate chan nels sug gest de po si tion in a wave-
dom i nated shoreface, per haps a proximal delta front.

B. Distal Delta Front/Prodelta

In the Chilko Lake area, this 400–650 m thick, south ward-
thick en ing unit is com posed of a dark brown to black
mudstone to silty mudstone in ter ca lated with vary ing
amounts of thinly bed ded siltstone and very thin- to thick-
bed ded fine- to me dium-grained sand stone (Fig ure 3, 400–
900 m in left sec tion and 0–700 m in cen tral sec tion). This is 
the most fossiliferous fa cies as so ci a tion, con tain ing ar tic u -
lated bi valves, gas tro pods and ammonites, sug gest ing ac -
cu mu la tion in a low-en ergy ma rine en vi ron ment. Fos sil -
ized wood frag ments are abun dant. Bioturbation is in tense
lo cally, but not di verse, and is of ten lim ited to di min u tive
Chondrites. The most dom i nant sed i men tary struc tures are
pla nar-par al lel and microhummocky lami na tions, but cur -
rent-gen er ated and com bined-flow rip ples and len tic u lar
bed ding are also pres ent. The rel a tive abun dance of
siltstone suggests a fining- (~200 m) then coarsening-
upward (~300 m) succession.

The lat er ally con tin u ous ge om e try, pres ence of both cur -
rent and os cil la tory bedforms, abun dance of in tact ma rine
fauna, and in tense nondiverse bioturbation sug gest de po si -
tion in a rel a tively quiet wa ter en vi ron ment in which mud
and silt ac cu mu la tion was pe ri od i cally dis turbed by in ter -
mit tent cur rents, all of which sug gest a lower shoreface or
distal delta front environment.
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Fig ure 2. Ge ol ogy of the area east of Chilko Lake, show ing lo ca tions of mea sured sec tions (modified from Schiarizza et al., 1997).



C. Wave-Dominated Delta Front/Delta-Edge
Turbidites

Ap prox i mately 50% of the sec tions in the Chilko Lake area
are char ac ter ized by thick suc ces sions (700–1650 m on the
mid dle sec tion and 900–1700 m on the left sec tion of Fig -
ure 3) of mod er ately well-sorted feldspathic arenite in ter -
ca lated with lesser dark siltstone to mudstone in ter vals. The 
sand stone is well-strat i fied and rep re sents both mas sive
and non de script, ap par ently structureless in ter vals, as well
as suc ces sions con tain ing abun dant sed i men tary struc -
tures; these in clude wavy lam i na tion, swaley cross-strat i fi -
ca tion (SCS), loaded and ero sional bases, and vari ably
sized (<1–3 m long) rip-up clast ho ri zons. Interbedded
finer-grained in ter vals (on av er age 10 cm to a max i mum of
15 m, 50 m in the south) dis play pla nar-par al lel bed ding,
rip ple cross-strat i fi ca tion, mod er ate bioturbation, wa ter-
es cape structures, convolute bedding and soft-sediment
deformation structures.

There is a dis tinct north to south tran si tion in sed i men tary
struc tures within this lithofacies in the Chilko Lake area.
Sed i men tary struc tures in the north ern limb vary from pla -
nar-par al lel lami na tions to large-scale (<1.5 m) hummocky
cross-strat i fi ca tion, pro gres sively over lain by swaley
cross-strat i fi ca tion fol lowed by pla nar-par al lel strata. Cor -
re la tive strata on the south ern limb are cy clic, grad ing from
a thick (<1.5 m), mas sive, oc ca sion ally nor mally-graded to
pla nar-par al lel strat i fied sand stone; these strata are over -
lain by ~1  to 3 cm of pla nar-par al lel–lam i nated sandy
siltstone that grades into 1  to 3 cm of pla nar-lam i nated
siltstone, which is in turn topped by mudstone of vari able
thick ness. This siltstone often shows oscillatory to current-
generated structures.

The pres ence of hummocky and swaley cross-strat i fi ca -
tion, basal ero sive sur faces and abun dant rip-up clast ho ri -
zons sug gests high rates of sed i men ta tion pre vailed in an
en vi ron ment char ac ter ized by pe ri ods of rapid, high-vol -
ume sed i ment in flux and in ter mit tent pe ri ods of wave re -
work ing. De po si tion was prob a bly oc cur ring in wave-
dom i nated delta front to lower shoreface en vi ron ments,
with a tran si tion to the south into a coarse-grained turbidite
pack age, which ac cu mu lated at a depth above the storm
wave base.

D. Mass Sediment Gravity Flows/Submarine Fan (?)

The Yalakom Moun tain area con tains a thick se quence
(~1500 m) of north west-trending, steeply dip ping JMG
strata dom i nated by mas sive, green, me dium- to coarse-
grained lithofeldspathic sand stone, mi nor peb ble con glom -
er ate and interbedded pla nar siltstone. The suc ces sion ap -
pears to gradationally over lie poorly ex posed shal low ma -
rine JMG rocks, which them selves lie disconformably over
Mid dle Ju ras sic strata ad ja cent to the Yalakom fault. The
main JMG suc ces sion con sists of thick sets of mas sive, me -
dium- to thick-bed ded, coars en ing-up ward sand stone in -

ter ca lated with thin- to me dium-bed ded sand stone and
thin-bed ded siltstone and mudstone. Bed sets tend to
thicken up ward, with thin-bed ded siltstone and mudstone
coars en ing- and thick en ing-up ward into coarse-grained,
thick-bed ded (~50 cm), mas sive sand stone. These cy clic
se quences are gen er ally greater than 10 m thick, and can
reach up to 100 m. Beds are tab u lar and lat er ally con tin u ous 
for hun dreds of metres. Sed i men tary struc tures in clude par -
al lel lami na tions, graded bed ding, mudstone rip-up clasts,
flame struc tures, dish-and-pil lar struc tures and rare soft-
sed i ment folds. Par tial Bouma se quences (AB, ABC) are
lo cally ev i dent. The suc ces sion be comes finer grained in
the up per 500 m, grad u ally in cor po rat ing a higher per cent -
age of sandstone-mudstone couplets with a decreasing
percentage of massive sandstone intervals.

The tab u lar, lat er ally con tin u ous na ture of the stra tig ra phy,
the cy clic coars en ing- and thick en ing-up ward na ture of the
bed sets and the pres ence of graded bed ding, abun dant rip-
up clast ho ri zons, flame struc tures, and par tial Bouma se -
quences sug gest that the suc ces sion rep re sents a se quence
of high-den sity sed i ment grav ity flows. These turbidite de -
pos its are clas si cally in ter preted as be ing de pos ited on fan
lobes in a sub ma rine-fan en vi ron ment (Kliensphen, 1982,
1985), but the pres ence of rare trough cross-strat i fi ca tion
and shal low-wa ter bi valves sug gests that the suc ces sion
may in stead rep re sent sed i ment grav ity flows de pos ited on
a dis tal delta front on the lower shoreface at a depth above
the storm wave base.

E. Distal Delta Front/Lower Shoreface

Both east and north east of Yalakom Moun tain, in the Dash
Creek–Churn Creek area, mas sive sand stone in ter vals are
gradationally over lain by, and lat er ally interfinger with, a
dis tinct suc ces sion of tab u lar, lat er ally con tin u ous, thin- to
me dium-bed ded rhyth mi cally interbedded sand stone and
siltstone cou plets. These striped, dark grey and pale ol ive
green sand stone-siltstone cou plets dis play par al lel lami na -
tions, crosslaminations, graded bed ding, well-de vel oped
par tial Bouma se quences (BC, BCD) and soft-sed i ment de -
for ma tion, in clud ing asym met ric folds up to 1.5 m in am pli -
tude. These beds form in ter vals 15–125 m thick en cased by
mas sive, green, me dium- to coarse-grained lithofeld -
spathic sand stone and lesser peb ble con glom er ate. Wood
frag ments are lo cally abun dant and rip-up clast ho ri zons
are com mon at the base of sandy in ter vals. The thin-bed ded
sand stone-siltstone cou plets ap pear to coarsen and thicken
up ward into the mas sive sand stone in ter vals, which are
sim i lar to the thick-bed ded sand stone doc u mented in the
Yalakom Moun tain sec tion as they also dis play sharp, ero -
sive bases, graded bed ding, par al lel lami na tions and top
cut-out Bouma (AB) se quences. The sand stone-siltstone
cou plet suc ces sion gradationally over lies the lower part of
the mass sed i ment grav ity-flow suc ces sion, but the thick -
ness of the cou plet in ter vals and the ra tio of cou plet to mas -
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sive sand stone beds var ies across the map area, which sug -
gests that an interfingering re la tion ship may have ex isted
be tween the couplet intervals and the upper part of the
Yalakom Mountain succession of thick lithofeldspathic
sandstone beds.

In many lo cal i ties, the up per por tions of the cou plets con -
tain os cil la tion rip ples, com bined flow rip ples, un usual
cross-strat i fi ca tion pat terns (pos si bly SCS) and ero sive
scour sur faces. Len tic u lar bed ding is ev i dent within finer
grained in ter vals. The up per por tion of the mas sive sand -
stone beds are lo cally trough cross-strat i fied or display
oscillation ripples.

The clas sic bot tom cut-out Bouma se quences (BCD, CDE,
DE) that are noted in the sand stone-siltstone cou plets in di -
cate that the cou plets rep re sent thin-bed ded turbidite de -
pos its, whereas rip-up clast ho ri zons, graded bed ding and
sharp ero sive bases of the interbedded mas sive sand stone
bod ies sug gest that these strata were de pos ited by coarse-
grained mass sed i ment grav ity flows. The pres ence of
trough cross-strat i fi ca tion, len tic u lar bed ding and os cil la -
tion rip ples in di cates wave re work ing, which sug gests re -
work ing of the orig i nal turbidites due to wave ac tiv ity;
thus, de po si tion oc curred at depths at least par tially above
the storm wave base. These strata are in ter preted as hav ing
ac cu mu lated as the re sult of abun dant sed i ment sup ply and
rapid de po si tion on a dis tal delta front to lower shoreface
area, where mass sed i ment grav ity flows de pos ited in rel a -
tively shal low wa ter were sub jected to in ter mit tent re work -
ing by wave ac tiv ity. This area is fur ther in ter preted as tran -
si tional in na ture to the deeper (sub–storm-wave-base
depth) ar eas of the Yalakom Mountain submarine-fan

complexes, as well as the source of the sediment to those
complexes.

F. Delta Plain/Fluvial

North west of Yalakom Moun tain, strata on Nine Mile
Ridge and on the west ern flank of Red Moun tain con sist of
thick suc ces sions (10–100+ m) of ol ive green to black thin-
bed ded, par al lel-lam i nated, or ganic-rich, sandy to silty
shale and siltstone in ter ca lated with thin-bed ded, par al lel-
lam i nated to cross-strat i fied, fine- to coarse-grained lithic
arenite to lithic wacke. These fine-grained in ter vals are
dom i nantly re ces sive, concretionary in part, and con tain or -
ganic-rich string ers, coal seams and in situ tree moulds. On
Nine Mile Ridge, the fine-grained suc ces sions are sep a -
rated by re peated in ter vals of 10–40 m thick me dium- to
coarse-grained trough cross-strat i fied sand stone and rare
peb bly sand stone. To the north, the fine-grained suc ces -
sions are interbedded with a 10–30 m thick in ter val of clast- 
to ma trix-sup ported, peb ble to boul der, dis or ga nized, vol -
ca nic plutonic con glom er ate and as so ci ated coarse-grained 
sand stone. The con glom er ate suc ces sions are len tic u lar,
dis play channellized, ero sive bases and tend to fine up ward
into len tic u lar beds of me dium- to coarse-grained
sandstone, pebbly sandstone and conglomeratic stringers.

The pres ence of fin ing-up ward trough cross-strat i fied
sand stone,  len tic  u lar  con glom er ate with ero sive
channellized bases, abun dant or ganic ma te rial, and the
dom i nance of re ces sive thin-bed ded siltstone and shale in -
di cates that de po si tion oc curred in a flu vial en vi ron ment,
pos si bly on an emer gent or near-emer gent delta plain. The
sand stone and con glom er ate in ter vals rep re sent flu vial
chan nels, and the fine-grained in ter vals rep re sent flu vial
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Fig ure 3. Strati graphic sec tions of the JMG in the Chilko Lake area and of the up per Tay lor Creek Group, north of Mt. Tatlow.
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overbank or pos si bly interdistributary deposits on the delta
plain.

Taylor Creek Group

The Tay lor Creek Group strata along the south ern mar gin
of the Nechako Pla teau have been an a lyzed to con strain po -
ten tial strati graphic cor re la tions be tween the Tay lor Creek
Group and co eval JMG strata. Strati graphic anal y sis in the
north ern por tion of the out crop belt near Mt. Tatlow (Fig -
ure 2) doc u mented the lithofacies shown on Fig ure 3 and
discussed below.

A. Submarine Fan

The stratigraphically low est unit (0–200 m on Fig ure 3,
right col umn) in the Mt. Tatlow area con sists of dark grey,
thin-bed ded, par al lel-lam i nated siltstone and sandy shale
in ter ca lated with thinly-bed ded, cross- to par al lel-lam i -
nated, chert-lithic micaceous arenite. These strata are over -
lain by a thick se quence (~100 m) of or ga nized, mas sively
bed ded, peb ble to cob ble, chert-rich con glom er ate char ac -
ter ized by dis tinct nests of over lap ping len tic u lar, crudely
strat i fied chan nels. The con glom er ate unit is in ter preted as
a channel fill in a submarine fan.

B. Prodelta

The mid dle por tion of the sec tion (200 to ~900 m on Fig -
ure 3, right col umn) con sists of a thick pack age of dark
grey, bioturbated shale to siltstone interbedded with mi nor
cal car e ous lithic feldspathic arenite that lo cally dis plays
par al lel lami na tions to crosslaminations and thin-bed ded,
par al lel-lam i nated, or ange weath er ing micrite beds. Plant
ma te rial is abun dant, lo cally, on bed ding planes. Rare
ammonites and radio lar ians in di cate ac cu mu la tion
occurred in a marine setting.

The lat eral con ti nu ity, mo not o nous fine-grained na ture of
the unit, rare cross-strat i fi ca tion and pres ence of ma rine
fauna sug gest de po si tion in a quiet-wa ter ma rine en vi ron -
ment that was pe ri od i cally dis turbed by wave or cur rent ac -
tiv ity, such as a distal prodelta setting.

C. Delta Plain

The up per por tion of the Mt. Tatlow sec tion (900+ m) con -
sists of a coars en ing-up ward suc ces sion of chert-peb ble
con glom er ate and chert-lithic micaceous feldspathic
arenite in ter ca lated with siltstone and shale. Coarse-
grained in ter vals are lens-shaped, channellized and dis play
trough cross-strat i fi ca tion, abun dant rip-up clast ho ri zons,
and ero sive bases. Within the con glom er atic in ter vals, bed -
ding be comes dis tinctly thin ner and grain size de creases
upsection, while the rel a tive abun dance of con glom er atic
in ter vals in creases. The en cas ing in ter vals con tain thinly-
bed ded, par al lel- to cross-strat i fied sandy siltstone and silty 
shale with lo cally abun dant plant de bris, which, along with
bioturbation, in creases in abun dance upsection. Hum -

mocky strat i fi ca tion is noted in the upper third of the
succession.

The pres ence of mul ti ple fin ing- and thin ning-up ward
channellized sand stone and con glom er ate pack ages en -
cased in or ganic-rich, fine-grained siltstone and shale sug -
gests that de po si tion took place in a channellized delta plain 
sys tem. The pres ence of hummocky cross-strat i fi ca tion in -
di cates that de po si tion oc curred in a sub aque ous en vi ron -
ment char ac ter ized by in ter mit tent storm wave ac tiv ity. The 
over all coars en ing-up ward se quence sug gests that de po si -
tion took place in a prograding upper to lower delta plain
distributary system.

Facies Architecture

Re gional strati graphic anal y sis sug gests that the lithofacies 
as sem blages within the JMG grade lat er ally and ver ti cally
into one an other. How ever, strati graphic po si tion, struc -
tural re con struc tions, pre lim i nary de tri tal zir con anal y sis
and lim ited fos sil con trol sug gest the over all strati graphic
ar chi tec ture presented in Table 1.

This gen er al ized strati graphic ar chi tec ture is not strictly
valid for each lo ca tion within the out crop belt, due to lat eral 
strati graphic vari a tions. For ex am ple, the mas sive sand -
stone suc ces sion in ter preted as mass sed i ment grav ity
flows is found pri mar ily in the south east ern por tion of the
out crop belt, whereas the wave-dom i nated delta front de -
pos its are pri mar ily re stricted to the Chilko Lake block. On
a re gional ba sis, how ever, it is clear that the strati graphic
suc ces sion re corded in the JMG rep re sents an overall
shallowing-upward basinal succession.

The strati graphic re la tion ship be tween the JMG and the
Tay lor Creek Group is the sub ject of on go ing in ves ti ga tion. 
How ever, re sults of pre lim i nary strati graphic anal y sis, geo -
chem is try and de tri tal zir con anal y ses sug gest the Tay lor
Creek Group may interfinger with, and in part overlie, the
JMG.

Summary and Regional Implications

Re gional strati graphic anal y sis of Cre ta ceous strata along
the south ern mar gin of the Nechako Pla teau con strains the
strati graphic ar chi tec ture and ba sin evo lu tion rep re sented
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Delta front/Fluvial
Distal delta front/Lower shoreface
Wave-dominated delta front/Delta-edge turbidites
Mass sediment gravity flows/Submarine fan
Shallow marine/Proximal delta front

Jurassic strata

~~~~~~ Top of section (modern erosive surface) ~~~~~~

~~~~~~~~~~~~~~~~ Unconformity ~~~~~~~~~~~~~~~~

Table 1. Generalized stratigraphic architecture of the
Jackass Mountain Group.



by the JMG, which con tains ex ten sive and, lo cally, ex -
tremely thick fa cies in ter preted to rep re sent shal low-ma -
rine, pri mar ily deltaic, and nonmarine depositional en vi -
ron ments.  In the Yalakom block, sub–wave-base
sub ma rine-fan fa cies form a thick strati graphic suc ces sion
north east of the Yalakom fault. These rocks interfinger lat -
er ally with, and are in part over lain by, a thick suc ces sion of
shal low-ma rine deltaic and flu vial suc ces sions. Thick se -
quences of clastic strata in the Chilko Lake re gion, orig i -
nally in ter preted as sub ma rine-fan fa cies (Kleinsphen,
1982, 1985), are doc u mented herein as shal low-ma rine
deltaic and shoreface fa cies. Tay lor Creek Group rocks in
the re gion also con tain deltaic se quences that may
stratigraphically over lie, and interfinger with, the JMG
strata. Re gion ally, Cre ta ceous strata along the south ern
mar gin of the Nechako Pla teau rep re sent a shal low-ma rine
to nonmarine tran si tion be tween Barremian to Cenomanian 
time. Fur ther more, the lithofacies as sem blages are much
more var ied than orig i nally thought, which has significant
implications for hydrocarbon reservoir potential in the
region.
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Introduction

Deep water sub ma rine chan nels con sti tute im por tant po ten -
tial hy dro car bon res er voirs in off shore pe tro leum ex plo ra -
tion. The spa tial dis tri bu tion and thick ness of those sand -
stone bod ies are highly un pre dict able be cause they tend to
be lo cal ized and interbedded with mass-trans port com -
plexes. Look ing at well-pre served analogues in the rock re -
cord as sists in un der stand ing the be hav iour of sed i men ta -
tion pro cesses in such en vi ron ments. Sed i men tary rocks
mapped as Lower to Mid dle Ju ras sic Hazelton Group and
ex posed at Mount Dilworth, north of Stew art in Brit ish Co -
lum bia rep re sent an ex cel lent an a logue of slope pro cesses
in deep-ma rine siliciclastic-dom i nated depositional sys -
tems (Fig ures 1, 2). Fur ther more, the res er voir units as so ci -
ated with this strati graphic in ter val are po ten tially charged
with hy dro car bons in lat er ally equiv a lent units far ther
north east in the Bow ser Ba sin, where ther mal mat u ra tion
lev els are fa vour able (Evenchick et al., 2002; Stasiuk et al.,
2005). The re la tion ships be tween the dif fer ent sed i men tary 
fa cies iden ti fied in a tec toni cally ac tive slope en vi ron ment
de scribed in this re port as sist in understanding the
distribution of reservoir units and assessing the petroleum
potential of this stratigraphic interval.

Geological Setting

Early to Mid dle Ju ras sic sed i men tary rocks as signed to the
up per Hazelton Group are wide spread in north west ern BC.
They mainly out crop along the edge of the Bow ser Ba sin
and con sti tute the low er most strati graphic unit of the Bow -
ser suc ces sion (Waldron et al., 2006). Siliciclastic sed i men -
tary rocks of the up per Hazelton Group were de pos ited
above the vol ca nic arc rocks of the Stikine Terrane dur ing
an ep i sode of back-arc ex ten sion fol lowed by ther mal sub -

si dence (Thorkelson et al., 1995). In the study area north of
Stew art, up per Hazelton Group sed i men tary rocks were
pre vi ously as signed to the Salmon River For ma tion by
Grove (1986). Re gion ally, sed i men tary rocks of the
Salmon River For ma tion were de pos ited above the dacitic
tuff brec cia of the Mount Dilworth For ma tion (An der son
and Thorkelson, 1990). How ever, geo log i cal map ping con -
ducted by the au thors in the sum mer of 2008 sug gests that
these sed i men tary rocks might be cor re la tive with the
Todagin as sem blage of the Bow ser Lake Group (Evenchick 
et al., 2006). Ura nium-lead zir con work is cur rently be ing
con ducted at the Uni ver sity of Al berta and should pro vide
new con straints on the min i mum depositional age and
prov e nance of these units. The current report uses the
previous stratigraphic framework established by Grove
(1986).

Description of Depositional Units

Fine-Grained Turbidity Flows

Nor mally graded siltstone-mudstone and sand stone-
mudstone cou plets are widely ex posed in the sed i men tary
suc ces sion (Fig ure 3). They usu ally oc cur in thin to me -
dium beds and form lat er ally ex ten sive sheet-like units.
The pres ence of par tial Bouma (1962) se quences Ta-e is at -
trib uted to wan ing en ergy in tur bid ity flows. Abun dant Tcd

and Tabd se quences con tain asym met ric cur rent rip ples and
groove casts, which sug gests that the pre dom i nant
paleocurrent flowed to wards the south west. Load ing fea -
tures such as ball-and-pil low struc tures and flame struc -
tures are also com mon. These sed i men tary struc tures are
in dic a tive of rel a tively high sed i men ta tion rates, which led
to den sity con trasts in wa ter-sat u rated sed i ments shortly af -
ter de po si tion. In some cases, rapid de po si tion also pro -
duced pore pres sure that ex ceeded the hy dro static equi lib -
rium and led to par tial liq ue fac tion of the sed i ments; this
phe nom e non is represented in the turbidite facies by
abundant convolute laminations.
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Some metre-thick in ter vals of thinly bed ded fine-grained
turbidites show ev i dence of biogenic re work ing. The
ichnological suite ob served is dom i nated by two dis tinc tive 
ichnogenera: Phycosiphon and Helminthopsis. These
traces are hor i zon tal to gently in clined, ir reg u lar, me an der -
ing bur rows filled by or ganic-rich mud (Fig ure 4). Both
these traces are gen er ally in ter preted as graz ing trails of
ver mi form or gan isms (Pem ber ton et al., 2001) and typ i -
cally oc cur near the sed i ment-wa ter in ter face; this sug gests
that food re sources were in tro duced mostly by sus pen sion
in a low-en ergy depositional en vi ron ment, out side the prin -
c i  pa l  sed  i  ment  path  way.  In  terms  of  pe  t ro  leum
prospectivity, this unit has rather low res er voir po ten tial
due to its fine-grained na ture. On the other hand, as it is sit u -
ated above a thick sand stone pack age, it would con sti tute
an ex cel lent seal rock due to its im pres sive lat eral ex tent
and low per me abil ity.

Submarine Channel Fills

The per cent age of sand stone in turbidite de pos its grad u ally
in creases upsection. The beds can con sist of up to 90% of
sand-dom i nated Tabc se quences, whereas the lay ers of lam i -
nated silt and hemipelagic mud Tde are centi metre-thick.
This over all in crease of sand stone is as so ci ated with a gen -

eral thick en ing- and coars en ing-up ward trend at the out -
crop scale (Fig ure 2). The ver ti cal pat tern is in ter preted as a
change from an off-axis area char ac ter ized by bioturbated
silt and very fine sand to an ax ial zone of sand stone de po si -
tion. Around 85 m above the base of the sec tion, turbidites
are trun cated by a se ries of very thick sand stone bod ies
(Fig ure 2). The beds typ i cally con sist of coarse- to very
coarse grained sand stone with oc ca sional peb bly sand stone 
lenses and in situ cal car e ous con cre tions (Fig ure 5). They
range in thick ness from 10 to 50 m and ex tend lat er ally up
to 500 m. Thin-sec tion ob ser va tions in di cate that the
frame work grains are mainly com posed of chert,
monocrystalline quartz, plagioclase and mud clasts. The
grains are well to moderately sorted, with less than 5 % clay
matrix.

In some cases, dis tinct sand stone beds be come amal gam -
ated along strike and form channellized lobe ge om e tries.
Fig ure 6 shows the spa tial dis tri bu tion of a chan nel sys tem
cut ting down into a de bris flow unit. The base of the chan -
nel is marked by a scoured sur face above which a drape of
thinly lam i nated mud and silt ac cu mu lated. The ab sence of
coarse ma te rial im me di ately above the scoured sur face
sug gests that im por tant sed i ment by pass oc curred prior to
ac cu mu la tion of the fine-grained sed i ments. The mud-
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Fig ure 1. Sim pli fied ge ol ogy of the study area: a) lo ca tion of the sed i men tary suc ces sion pre sented in Fig ure 2 (pro jec tion in UTM NAD 83);
b) lo ca tion of the Bow ser Ba sin in re la tion to prin ci pal tec tonic belts of the Ca na dian Cor dil lera; white square de lin eates the ex tent of the ge -
ol ogy de scribed in (a). Mod i fied from Grove (1986), Evenchick and Thorkelson (2005).
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Fig ure 2. An no tated ae rial pho to graph of the sed i men tary suc ces sion, show ing the main depositional units. Strati graphic top is to the east.



filled chan nel is trun cated by an ir reg u lar ero sional sur face
above which a unit of nor mally graded, clast-sup ported
con glom er ate was de pos ited. Upsection, the con glom er ate
grad u ally passes into mod er ately sorted me dium- to coarse-
grained sand stone con tain ing abun dant cur rent-gen er ated
sed i men tary struc tures. In each mea sured strati graphic sec -
tion, the chan nel sand is interbedded with lam i nated silt and 
very fine grained sand. These rel a tively thin, finer grained
in ter vals are in ter preted to be levée deposits associated
with lateral migration of the channel axis.

The sand-rich sub ma rine chan nels pos sess very good res er -
voir char ac ter is tics: they con sist of ho mo ge neous sand -
stone ar ranged in lat er ally ex ten sive (~500 m) and very
thick (~10 to 50 m) units (Fig ure 2). The coarse-grained na -
ture of the sed i ments, com bined with the rel a tively good
sort ing, is fa vour able for de vel op ment of high ini tial inter -
gra nu lar po ros ity. Un der the proper ther mal mat u ra tion lev -
els, these sand-rich chan nels could be charged with hy dro -
car bons and would constitute significant resources.

Mass-Transport Complexes

De bris flows and slump units are the most abun dant units
within the suc ces sion. These grav i ta tional fea tures, or ga -
nized in mass-trans port com plexes (MTCs), con sist of
large dis mem bered cal car e ous concretionary blocks and
lay ered rafts of sand stone and siltstone sup ported in a very
poorly sorted fine-grained ma trix (Fig ure 7). Soft-sed i ment 
de for ma tion fea tures, such as syndepositional folds and
extensional faults, are ubiq ui tous in those units. De tailed
map ping of a de bris flow unit pro vided better un der stand -
ing of the de for ma tion mech a nisms prev a lent dur ing slope
fail ure. Slid ing of a co he sive mass of sed i ments was ini ti -
ated over a de tach ment sur face un der neath which the par al -
lel beds re mained un dis turbed (Fig ure 8). Im me di ately
above the décollement, fine-grained lay ers were gently
folded dur ing com pres sion but re tained their orig i nal thick -
ness, whereas the softer sand-rich units were sub ject to
more thor ough duc tile de for ma tion. Pull-apart boudins of
mud in a sandy ma trix also in di cate rhe ol ogy con trasts be -
tween units of dif fer ent grain size (Fig ure 9), the finer
grained units be hav ing more com pe tently. The slump unit
be comes pro gres sively more de formed near its top where
disharmonic fold ing pre dom i nates. Even tu ally, most of the
pri mary fea tures are lost and the ini tial lay er ing of the sed i -
ments be comes in dis  t in guish able. As the matrix
incorporated more fluids during transport, the slump unit
evolved into an incoherent debris flow.

The up per most strati graphic unit ex posed above the sub -
ma rine chan nels con sists of a very thick MTC (Fig ure 2).
Con ser va tive es ti mates made from ae rial pho to graph in ter -
pre ta tions sug gest a min i mal thick ness of 400 m and a lat -
eral ex tent over 1.4 km. The basal con tact of the MTC on
sand stone is vari able along strike. At the north ern end, the
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Fig ure 3. Thinly bed ded suc ces sion of fine-grained turbidites with
abun dant par tial Bouma se quences Ta-e. Strati graphic top to the
right. Ham mer for scale is 30 cm in length.

Fig ure 4. Helminthopsis trace fos sil in fine-grained turbidites.
These traces are in ter preted as graz ing trails of worm-like or gan -
isms in a low-en ergy depositional en vi ron ment. Lens cap is 6.5 cm
in di am e ter.

Fig ure 5. Thickly bed ded, very coarse sand stone of amal gam ated
chan nel com plexes. Note the fin ing- and thin ning- up ward char ac -
ter of the beds. Strati graphic top is to the left.



con tact is ero sional on gran u lar sand stone; fur ther south,
the sand stone is cut by an other de bris flow, which shows
that the MTC is a com pos ite of sev eral slumps. In ter nal de -
for ma tion in creases south ward, where large blocks of the
un der ly ing sand stone be come in cor po rated in the MTC.
These rafts are or ga nized in vari able ori en ta tions and can
reach up to 100 m in length. Even though no other
mappable con tacts were ob served upsection, mostly due to
ex ten sive snow cover, the im pres sive thick ness of the MTC 

prob a bly re sults from mul ti ple amal gam ated de bris flows
with sim i lar fa cies. In terms of pe tro leum prospectivity,
MTCs do not represent good reservoirs due to their
dominant fine-grained composition.

Implication for Petroleum Exploration

The basal sed i men tary rocks of the suc ces sion ex posed on
the west ern side of the fault (Fig ure 2) con sist of de bris
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Fig ure 6. Strati graphic cross-sec tion of a mud-filled chan nel com plex, show ing the lat eral vari abil ity of
depositional units. No ver ti cal ex ag ger a tion.



flows and slumps. Their fine-grained ma trix and comp lexly 
folded lam i nated blocks sug gest that they orig i nally ac cu -
mu lated as fine-grained turbidites be fore be ing re mob -
ilized and de pos ited as co he sive grav ity flows. De po si tion
prob a bly took place in a slope en vi ron ment, where grav i ta -
tional col lapses were more likely to oc cur. In con trast,
youn ger sed i men tary rocks lo cated on the east ern side of
the fault con sist of un con fined thinly bed ded turbidites and
lat er ally ex ten sive sand stone beds. Lobe ge om e try within
those units sug gests that re peated low- and high-den sity
tur bid ity cur rents pro vided the bulk of the sed i ments to the
sub ma rine fan sys tems. The lack of MTCs in this in ter val
sug gests a re turn to more sta ble con di tions. Upsection,
scoured sur faces and mud-clast con glom er ate found at the
bases of the chan nel com plexes are in dic a tive of sed i ment
by pass and in ci sion (Fig ure 10). The sand stone beds are or -
ga nized in chan nel-lobe ge om e tries and show lo cal in ci -
sion into finer grained sed i men tary rocks. These sand-filled 
chan nel com plexes rep re sent the best res er voirs of the suc -
ces sion. In ad di tion to be ing rel a tively ho mo ge neous and
very thick, they are capped by in ter ven ing fine-grained de -
pos its rep re sent ing levée and overbank sed i ments, which

con sti tute an ad e quate seal to pre vent ver ti cal fluid flow.
These channellized flows are in gradational con tact above
the underlying unconfined frontal splays and lobes, and
probably constitute a progradation of the slope over the
basin floor.

The pro por tion of MTCs grad u ally in creases near the top of 
the suc ces sion. In co her ent de bris flows are interbedded
with amal gam ated sand stone beds, whereas fine-grained
turbiditic in ter vals are gen er ally ab sent. Even though the
sand stone beds are lat er ally ex ten sive along strike, res er -
voirs tend to be com part men tal ized due to the abun dant re -
work ing by de bris flows. This could in hibit per me abil ity
within the res er voir and rep re sent an ad di tional risk for pe -
tro leum ex plo ra tion. Con fined mud-filled chan nels de pos -
ited above ir reg u lar scoured sur faces in di cate that in ci sion
and sed i ment by pass were still dominant processes in the
slope environment.
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Fig ure 7. Folded cal car e ous concretionary block in a cha otic de -
bris flow unit. Brunton com pass for scale is 8 cm in width.

Fig ure 8. De formed slump unit lo cated above a de tach ment sur -
face. Dur ing slope fail ure, the un der ly ing thinly bed ded turbidites
re mained un dis turbed, while the mass-trans port com plex was sub -
ject to compressional and extensional de for ma tion. The let ter A in -
di cates the lo ca tion of Fig ure 9. Ham mer for scale is 30 cm long.

Fig ure 9. Synsedimentary de for ma tion fea tures formed by flat ten -
ing dur ing de po si tion of the slump. The more com pe tent mud lay -
ers pulled apart into boudins, whereas the sur round ing sandy lay -
ers flowed to fill the re main ing avail able space. Scale card is 8 cm
long.

Fig ure 10. Poorly sorted mud-clast con glom er ate lo cated above a
scour ing sur face. These in ter vals are com mon at the bases of
chan nel fills and are in dic a tive of sed i ment by pass and in ci sion.
Ham mer for scale is 30 cm in length.



Depositional el e ments of deep water clastic sys tems are
highly vari able and in clude a wide range of grav ity flows
with dif fer ent res er voir prop er ties. They con sist of co he -
sive de bris flows and slumps (MTCs), chan nel com plexes
and fine-grained tur bid ity flows. The oc cur rence of one
spe cific grav ity flow over an other is mainly a func tion of
sed i ment sup ply to the deep por tion of the ba sin. Vari a tions
in sed i men ta tion rates can be re lated to base-level fluc tu a -
tions above the shelf edge and/or tec tonic ac tiv ity. Two dif -
fer ent sce nar ios are ex plored (base-level changes vs. tec -
tonic ac tiv ity) to ex plain the succession of gravity flows
observed in the area.

Dur ing de vel op ment of a typ i cal pas sive-mar gin se quence,
an early stage of forced re gres sion is likely to trig ger in sta -
bil ity at the shelf edge and de po si tion of co he sive de bris
flows on the slope (Catuneanu, 2006). This could cor re -
spond to the low er most de bris flow unit ob served on the
west ern side of the fault. Dur ing late forced re gres sion, the
shelf be comes subaerially ex posed and ac cu mu la tion of
sand in the deep part of the ba sin is op ti mal. This is rep re -
sented by the progradation of the in cised chan nel com -
plexes above the sub ma rine fans. As base-level rises, in -
creas ing ac com mo da tion space is made avail able on the
shelf, which re duces the amount of coarse sediment
delivered to the deep marine basin.

In the case of a tec toni cally ac tive ba sin, re-ad just ment of
the slope an gle may have pro found im pacts on the dis tri bu -
tion of the grav ity flows, in de pend ently of shore line shifts.
In this model, MTCs ob served in the area would be re lated
to re peated slope fail ure ini ti ated by tec tonic ac tiv ity. Pau -
city of tec tonic ac tiv ity is in ferred dur ing de po si tion of the
sub ma rine fan/chan nel  com plexes,  when nor mal
progradation of the slope en vi ron ment would have oc -
curred over the ba sin floor. In con trast, sud den steep en ing
of the slope in re sponse to fault move ment is likely to have
trig gered rapid in ci sion and sed i ment by pass, as rep re -
sented by con fined mud-filled chan nels (Fig ure 6) and
abundant MTCs in the higher portion of the succession.

Even though it is dif fi cult to clearly sep a rate the ef fects as -
so ci ated with shore line shifts from those driven by tec tonic
pro cesses in the rock re cord, sed i men tary rocks of the up -
per Hazelton Group at Mount Dilworth at test to the strong
in flu ence of tec tonic in put dur ing deep water sed i men ta -
tion. The MTCs are un usu ally thick (up to 500 m) and con -
sti tute more than 50% of the en tire sed i men tary suc ces sion.
This is sig nif i cantly higher than most well-stud ied deep -
water pas sive-mar gin analogues such as the Isaac For ma -
tion of West ern Can ada (Gam mon et al., 2007; Laurin et al., 
2007; Navarro et al., 2007; Schwarz and Ar nott, 2007), the
West Crocker For ma tion of Bor neo (Crevello et al., 2007)
and the San Vicente For ma tion of Spain (Arbues et al.,
2007). In ad di tion, sed i ment by pass fa cies and re peated in -
ci sion of chan nel com plexes are too abun dant to solely be

driven by base-level fluc tu a tions. Based on these ob ser va -
tions, the au thors con clude that synsedimentary fault ing
was a ma jor com po nent in de ter min ing the na ture of the
grav ity flows. Thick MTCs were de pos ited dur ing fault re -
ac ti va tion, which in ter rupted the over all regressive cycle
responsible for progradation of the slope succession over
the basin floor.
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