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INTRODUCTION

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

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

The pro ject ob jec tives are to

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

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

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

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

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

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

REGIONAL GEOLOGY

The re gional set ting of the cen tral Quesnel belt is sum -
ma rized by Lo gan et al. (2007a), and is only briefly re -
viewed here. The Quesnel Terrane rep re sents an ex ten sive
(>2 000 km) west-fac ing, calcalkaline to al ka line Late Tri -
as sic to Early Ju ras sic arc that de vel oped out board or mar -
ginal to the west ern mar gin of North Amer ica (Mortimer,
1987; Mihalynuk et al., 1994). It is char ac ter ized by Me so -
zoic arc vol ca nic and sed i men tary rocks of the Nicola,
Takla and Stuhini groups and co eval plutonic rocks, which
in trude and in flate the se quence. At this lat i tude, the tem po -
ral, chem i cal and fa cies ar chi tec ture of the Nicola Group
rocks re flects a shift in magmatism from the fore arc
volcaniclastic-dom i nated suc ces sions east ward across the
arc into back arc Mid dle to Late Tri as sic fine-grained
clastic rocks (the black phyllite unit of Rees, 1987). The
east ern bound ary of the Quesnel Terrane is marked by the
Eu reka thrust (Struik, 1988a), an east erly verg ing fault
zone. Vari ably sheared mafic and ultra mafic rocks of the
Crooked am phi bo lite that oc cupy this bound ary are as -
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This pub li ca tion is also avail able, free of charge, as col our
dig i tal files in Adobe Ac ro bat® PDF for mat from the BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
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Fig ure 1. Lo ca tion of BC Cu-Au-Ag±PGE al ka line por phyry de pos -
its show ing the Cot ton wood map area in red (093G/01), green
band in di cates the Quesnel Terrane, grey band in di cates the
Cache Creek Terrane. Ab bre vi a tion: ST, Stikine Terrane.



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

STRATIGRAPHY

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

Kootenay Terrane — Snowshoe Group

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

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

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

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



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

Slide Mountain Terrane — Crooked
Amphibolite

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

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

Quesnel Terrane — Nicola Group

BLACK PELITE SUCCESSION

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

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

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

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

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

EASTERN VOLCANICLASTIC SUCCESSION

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

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

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

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

COTTONWOOD RIVER SUCCESSION

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

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

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

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

WESTERN VOLCANICLASTIC SUCCESSION

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

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



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

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

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

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

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

Early Jurassic

SEDIMENTARY ROCKS

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

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

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

VOLCANIC ROCKS

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

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

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



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

Intrusive Rocks

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

LATE TRIASSIC

Mouse Moun tain Monzonite

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

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

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

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

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

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

LATE TRIASSIC TO EARLY JURASSIC (?)

Mafic-Ultra mafic Plutonic Com plexes

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

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

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

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

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

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

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

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

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

Station Number Easting Northing

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

CRETACEOUS PLUTONS

Naver Pluton

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

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

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

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

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

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



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

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

Tertiary Sedimentary Rocks

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

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

Quaternary Cover

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

STRUCTURE

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

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



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

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

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

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

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

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

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

METAMORPHISM

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

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

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

MINERALIZATION

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

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

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

EXPLORATION ACTIVITY

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

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

093G 009 Hannador 552929 5882203 Au

Lightning Creek

(past producer)

093G 022
MacMillian, Cottonwood 

River
550695 5882365 Au

(past producer)

093G 025 Cottonwood Placer 560751 5880164 Au, Pt

(past producer)

093G 026
Mary Creek, Norton 

Creek, Old San Juan
562718 5873544 Au

(past producer)

093G 059 Gagen Creek 562718 5873544 Au

(past producer)

093G 060 Mostique Creek 565811 5875007 Au

(past producer)

Polymetallic veins

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

(developed prospect)

Porphyry Cu-Au; alkalic

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

(past producer)

093G  005 Mouse Mountain 543824 5876796 Cu

(showing)

Name
(Status)

MINFILE # Easting Northing Commodity Description

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

Paleozoic dominantly metasedimentary rocks of the Omineca Belt

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

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

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

occur in late Tertiary (Miocene) gravels

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

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

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

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

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

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

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

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

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

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

part of the Nicola Group

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

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

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

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

by Early Jurassic intermediate tuffs and polylithic breccias

ÿªChalcopyrite mineralization is reported to occur within gabbro bodies 

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

Lower Jurassic volcaniclastic rocks of the Quesnel Terrane

ÿªthe Cottonwood workings produced alluvial platinum and gold

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

ÿªCottonwood workings produced alluvial platinum and gold

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

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

Jurassic volcaniclastic rocks of the Quesnel Terrane

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

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

ÿªprimarily basalt

ÿªprimarily underlain by argillite cut by intrusions

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

glacial gravels overlying the deposit

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



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

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

Mouse Mountain

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

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

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

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



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

G-South

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

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

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



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

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

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

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

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

Ahbau Lake Property

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

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

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

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

CONCLUSIONS

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

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

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

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

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