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INTRODUCTION

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

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

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

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

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

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

REGIONAL GEOLOGY

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

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

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

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

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

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

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

STRATIGRAPHY

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

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

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

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

Nicola Group

EASTERN SEDIMENTARY SUCCESSION

BLACK PELITE SUC CES SION

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



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

COT TON WOOD RIVER SUC CES SION

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

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

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

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

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



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

WESTERN VOLCANICLASTIC SUCCESSION

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

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

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

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

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

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



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

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

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

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

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

Dragon Mountain Succession

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

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



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

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

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

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



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

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

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

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

EOCENE ENDAKO GROUP

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

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

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

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



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

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

TERTIARY SEDIMENTARY ROCKS

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

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

CHILCOTIN GROUP

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

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

Quaternary Cover

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

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

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

Intrusive Rocks

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

LATE TRIASSIC TO EARLY JURASSIC

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

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

Cantin Creek Mafic-Ultra mafic Com plex

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

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

Po tas sium-Feld spar Megacrystic In tru sions

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

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

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

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

K-feld spar por phy ritic syenite dikes (U-Pb zir con, 205.1
±0.3 Ma) and the min er al iza tion and al ter ation sys tem
(Ar/Ar bi o tite, 205.2 ±1.2 Ma) at Mount Polley. Sam ples of
the crowded orthoclase-megacrystic por phy ritic syenite
have been col lected and sub mit ted to the PCIGR-UBC lab -
o ra tory for crush ing and heavy min eral sep a ra tion to es tab -
lish if there are suf fi cient zircon or titanite grains to proceed 
with U-Pb dating.

Subvolcanic Plagioclase Por phyry

Grey to white, bi o tite-hornblende-plagioclase por phy -
ritic an de site (?) or subvolcanic quartz monzodiorite por -
phyry crop out in the area east of Dragon Lake (Fig ure 2).
The rocks are coarsely por phy ritic with tab u lar, white
plagioclase pheno crysts <1 cm in di am e ter and no tice ably
finer, acicular hornblende and bi o tite crys tals in a green
apha ni tic ma trix. Quartz com monly forms pheno crysts 1–
4 mm in size that con sti tute up to 5% of the rock.

Brecciated lithic frag ments, crys tal shards and
eutaxitic tex tures in cor re la tive rocks of the Cot ton wood
map area (Jonnes and Lo gan, 2007) in di cate ex tru sive as
well as in tru sive char ac ter is tics for this unit. Hornblende
from the plagioclase crys tal tuff at Mouse Moun tain re -
turned an Early Ju ras sic cool ing age of 192 ±1.3 Ma
(Logan, 2008).
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Fig ure 9. Crowded, orthoclase-megacrystic hornblende syenite
cut by sheeted quartz vein sets; lo cally con tains sparse ga lena and 
po tas sium-al ter ation en ve lopes.



MIDDLE JURASSIC

Quesnel River Pluton

The Quesnel River pluton is ex posed on the north east
side of the Quesnel River and dom i nates the cen tral and
south west ern parts of the map area. It is a 23 km long by
7 km wide, north west-trending com plex granitoid. The
north ern mar gin of the pluton is not ex posed; the north -
west ern con tact, which fol lows the Quesnel River, is
faulted against Late Tri as sic to Early Ju ras sic DBP; and its
south ern con tact in trudes metavolcaniclastic rocks of the
GVS.

The pluton con sists dom i nantly of me dium- to coarse-
grained, equigranular or K-feld spar–megacrystic
hornblende-bi o tite monzogranite. This monzogranite
forms the main core of the pluton. It has gen er ally low mag -
netic sus cep ti bil ity and is man i fested as a large mag netic
low on re gional air borne mag netic maps. Mar ginal phases
to the main monzogranite body are ex posed around the
south ern mar gin of the pluton and in clude gab bro,
pyroxenite, bi o tite diorite, quartz-eye por phy ritic gran ite
and late-stage peg ma tite and aplite dikes. These units are
min er al og i cally and tex tur ally dis tinc tive but not re gion -
ally ex ten sive, and are therefore not shown on the map.

The monzogranite is mainly a leucocratic, pink,
equigranular or sparsely K-feld spar–megacrystic rock.
Grain size ranges from 3 to 7 mm, with 1–5 cm, euhedral,
tab u lar microcline pheno crysts pres ent lo cally. Thin sec -
tions show 30–40% plagioclase, 30–35% microcline
(<10% perthitic microcline megacrysts), 25–30% rounded
quartz, 5–7% bi o tite and 3–5% hornblende. Ac ces sory
min er als in clude sphene, zir con and magnetite.

A 15 kg sam ple of pink hornblende-bi o tite gran ite was
col lected from the south ern end of the Quesnel River pluton 
and dated us ing ther mal ion iza tion mass spec trom e try
(TIMS) and in duc tively cou pled plasma–mass spec trom e -
try (ICP-MS) U-Pb tech niques at the PCIGR-UBC lab o ra -
tory. Zir cons ex tracted from the sam ple yielded a Mid dle
Ju ras sic crys tal li za tion age of 165.6 ±0.3 Ma for the
orthoclase megacrystic phase of the gran ite. A sec ond sam -
ple was col lected from close to the cen tre of the pluton,
where a south east-trending my lon ite zone cuts the
monzogranite. Zir cons from this lo ca tion yielded an age of
158.2 ±0.3 Ma (R. Fried man, pers comm., 2007), thus pro -
vid ing a maximum age for deformation of the pluton.

To fur ther con strain the cool ing his tory of the unit,
hornblende and bi o tite were sep a rated from the gran ite and
an a lyzed us ing Ar/Ar in cre men tal-step heat ing tech niques
at the PCIGR-UBC lab o ra tory. The hornblende data are
com plex and in con clu sive. The hornblende spec trum in di -
cated ex cess ar gon and did not yield an in ter pret able pla -
teau age. An in verse isochron anal y sis on five points gave
an isochron age of 118.6 ±8.8 Ma, with an ini tial 40Ar/36Ar
in ter cept of 802 ±17 Ma. Reanalyses of the hornblende
sam ple pro duced a dif fer ent isochron age (77.62 ±0.5 Ma)
and an ini tial 40Ar/36Ar in ter cept (1599 ±430 Ma) that was
much higher than the first run (T. Ullrich, pers comm,
2007). How ever, the sec ond age does match the bi o tite
isochron age (be low). Bi o tite sep a rated from this same
sam ple gave a well-de fined Ar/Ar pla teau age of 77.62
±0.5 Ma, uti liz ing 74.5% of the 39Ar, and an in verse
isochron age of 77.4 ±0.79 Ma with an ini tial Ar intercept
of 299 ±10 Ma (T. Ullrich, pers comm, 2007).

The mar ginal phases of the pluton are typ i cally more
mafic; they also have higher mag ne tite con tents than the

monzogranite and, as a re sult, con trib ute to the an nu lar
mag netic anom aly that sur rounds the pluton. In ad di tion,
banded mag ne tite-rich rocks form parts of the metavol -
caniclastic se quence ad ja cent to the south ern mar gin of the
Quesnel River pluton. These likely rep re sent meta mor -
phosed,  th in ly  bed ded,  f ine-gra ined cal  car  e  ous
volcaniclastic ho ri zons and must also con trib ute to the
mag netic anom aly sur round ing the main body of the
pluton. Rounded mafic in clu sions of fo li ated pyroxenite,
am phi bo lite, hornblende-bi o tite diorite and par tially di -
gested meta vol can ic rocks are also con cen trated in mar -
ginal zones of the pluton. In these rocks, clinopyroxene is
typically partially or fully replaced by hornblende.

The bi o tite quartz monzodiorite is a me dium- to
coarse-grained mesocratic rock that, in places, con tains
coarse (up to 20 mm) tab u lar pheno crysts of bi o tite. Some
of the large pheno crysts con sist of ag gre gates of bi o tite,
sug gest ing late-stage re place ment of hornblende. The
coarse pheno crysts of bi o tite are ran domly ori ented but
por tray a graphic tex tural inter growth with feld spars and
quartz. Mi nor amounts of 1–2 mm, tab u lar pyroxene crys -
tals oc cur in ter sti tial to the biotite phenocrysts (Figure 10).

One of the youn gest phases of the Mid dle Ju ras sic
mag matic suite is a fine-grained, leucocratic, quartz-eye
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Fig ure 10. Con tact zone be tween coarse, platy bi o tite quartz
monzodiorite (mar ginal phase) and me dium-grained,
equigranular bi o tite monzogranite (main phase) of the
Quesnel River pluton.



por phy ritic gran ite. It oc curs as metre- to decimetre-wide
dikes and stocks cut ting the Quesnel River pluton and
pyroxene volcaniclastic and sed i men tary rocks ex posed
along the Quesnel River at the Kate show ing. The gran ite is
char ac ter is ti cally rusty weath er ing due to finely dis sem i -
nated py rite and vari able quartz–Fe-car bon ate al ter ation;
as a re sult, it has low mag netic sus cep ti bil ity. A di ag nos tic
fea ture is the pres ence of up to 10%, 1–3 mm euhedral
quartz pheno crysts scat tered in di vid u ally or as crys tal ag -
gre gates through out a fine-grained feld spar-plagioclase-
quartz ma trix. Mafic min er als, in clud ing bi o tite (up to sev -
eral per cent) and rare hornblende, are commonly replaced
by sericite, carbonate and pyrite.

A 15 kg sam ple of quartz-por phy ritic gran ite was col -
lected from an out crop ex posed in the Quesnel River at the
Kate show ing, lo cated ap prox i mately 9 km east of Quesnel. 
Zir cons were ex tracted and four sin gle zir con grains an a -
lyzed us ing ther mal ion iza tion mass spec trom e try (TIMS)
U-Pb geo chron ol ogi cal tech niques. The re sult ing
206Pb/238U ages were Late Tri as sic (233.0 and 201.4 Ma),
Early Ju ras sic (182.1 Ma) and Mid dle Ju ras sic (162.4 Ma).
The zir con with the Mid dle Ju ras sic age (162 Ma) was in -
ter preted to be xenocryst free and re flect the crys tal li za tion
age of the gran ite (R. Fried man, pers comm, 2007).
Xenocryst-rich zir cons with 162 Ma rims and pri mar ily
Late Tri as sic cores have been ex tracted from Mid dle Ju ras -
sic quartz-eye porphyry at Gavin Lake (Logan et al.,
2007a).

Fine- to me dium-grained leucocratic bi o tite gran ite
apophyses em a nate from the south ern mar gin of the
Quesnel  River pluton and cross  cut  the  epidote-
amphibolite–facies meta vol can ic coun try rocks at a high
an gle to schistosity. A sam ple of one of these dikes was col -
lected for U-Pb zir con dat ing to con strain the age of pen e -
tra tive fo li a tion. Results are pending.

EOCENE

East-trending bi o tite lam pro phyre dikes cross cut the
metavolcaniclastic rocks and quartz-feld spar-bi o tite por -
phyry in tru sions in the can yon sec tion of the Quesnel River, 
9.5 km east of Quesnel. They are also found in the dark
banded phyllite of the Dragon Moun tain suc ces sion. The
mafic dikes con sist of two va ri et ies, dis tin guished on the
ba sis of bi o tite phenocryst size: a fine-grained va ri ety with
bi o tite crys tals rang ing from <1 to 1 mm and a va ri ety with
coarse euhedral bi o tite books up to 6 mm in length in an
apha ni tic dark groundmass. The dikes are mod er ately to
strongly mag netic and display fine-grained chilled
margins.

Ar gon/ar gon step-heat ing of bi o tite sep a rates from one 
of these dikes re turned a good pla teau age of 51.89
±0.32 Ma, uti liz ing 83.3% of the 39Ar re leased in steps 7
through 11. The in verse isochron so lu tion gave an age of
51.82 ±0.38 Ma, with an ini tial Ar in ter cept of 309 ±48 Ma
(T. Ullrich, pers comm, 2007).

STRUCTURE

Most rocks in the area are penetratively de formed.
Fine-grained clastic rocks have a slaty or phyllitic cleav age
de fined by aligned phyllosilicate min er als and elon gated
quartz grains. Volcaniclastic rocks are also penetratively
de formed, but a coarser grained ma trix leads to a more
spaced, scaly cleav age re sult ing from pres sure so lu tion and 
align ment of meta mor phic min er als. Fab rics in the

volcaniclastic rocks are also de fined by stretched clasts,
lapilli and min eral ag gre gates. How ever, duc tile de for ma -
tion fab rics are not ev i dent in part of the north east ern half of 
the map area. For de scrip tive pur poses, the area has been
di vided into five south east-trending structural domains
(Figure 11).

Domain I

This do main in cludes the polylithic con glom er ate,
fine-grained volcaniclastic rocks, banded lime stone and
grit beds of the Dragon Moun tain suc ces sion. The fo li a tion
(S1) dips quite uni formly to the north east, with a mean ori -
en ta tion of 281°/66°. Mea sured bed ding (S0) ori en ta tions
have mostly shal low dips and are spread along a gir dle
whose axis trends al most hor i zon tally south east, ap prox i -
mately par al lel to the long axes of stretched clasts. The
main cleav age (S1) is lo cally over printed by spaced cleav -
ages with widely varying orientations.

Domain II

This do main con sists ex clu sively of the dark banded
phyllite and siltstone be long ing to the lower part of the
Dragon Moun tain suc ces sion. The main cleav age (S1) is
par al lel to bed ding ex cept in the hinge zones of tight to iso -
cli nal F1 folds, which are rarely ex posed (Fig ure 12). The
par al lel S0/S1 fab ric is folded around gently plung ing
strike-par al lel axes. This is man i fested in crenulations of
micaceous lay ers, centi metre-scale buck les of quartz
veins/lay ers and larger scale folds be tween out crops. These 
folds are gen tle-close and typ i cally have a spaced S2 fab ric
par al lel to their ax ial planes. Ax ial planes are vari able and
dip from north east to south west. Fault dis con ti nu ities are
com mon in the dark banded phyllite unit at a variety of
scales (Figure 13).

Domain III

The Quesnel River pluton and the sur round ing mafic
volcaniclastic rocks are in cluded in do main III. A pen e tra -
tive fab ric is de vel oped in volcaniclastic con glom er ate and
as so ci ated finer grained sed i men tary rocks. A fab ric is also
well de vel oped in mafic phases around the mar gins of the
Quesnel River pluton. Large parts of the cen tral, fel sic part
of the Quesnel Lake pluton are unfoliated to weakly fo li -
ated. How ever, this area also in cludes nu mer ous dis crete
mylonitic shear zones (Fig ure 14). These shear zones dip
ap prox i mately 60º to the south west, with stretch ing
lineations typ i cally plung ing around 40º to the south east.
Cur va ture of the fo li a tion into these zones and asym met ric
delta porphyroclasts sug gest oblique-dextral move ment. A
sec ond, spaced tec tonic fab ric is ev i dent in some of the
volcaniclastic units of do main III. These spaced cleav ages
have highly vari able ori en ta tions. Bed ding fea tures are
scarce in much of this area, but most recorded values dip
southwest.

Domain IV

Rocks of the Ma roon Volcaniclastic suc ces sion and the 
Cot ton wood River suc ces sion are not penetratively de -
formed. They are af fected by brit tle de for ma tion and lo -
cally spaced fab rics are de vel oped; how ever, un like other
Me so zoic rocks in the area, they do not re cord any sig nif i -
cant ductile strain.
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Domain V

This do main ap prox i mately co in cides with the Black
pelite suc ces sion. There is gen er ally a cleav age par al lel to
compositional lay er ing in phyllite that is lo cally folded
around shal low-plung ing axes. There is no pen e tra tive fab -
ric in coarse volcaniclastic rocks. Mea sured cleav age and
bed ding dip mostly to the north east in this do main but, as
else where, data are limited.

Major Faults

The dom i nant map-scale struc tural fea tures of the area
are north west-trending faults. The Quesnel River fault is a
steep, north west-trending struc ture that fol lows the
Quesnel River. It has been in ter preted to rep re sent one of
the strands of the Pinchi fault zone that sep a rates Cache
Creek from Quesnel (Bailey, 1990). It jux ta poses fo li ated
Mid dle Ju ras sic gran ite and Late Tri as sic meta vol can ic
rocks with Late Tri as sic (?) to Early Ju ras sic black banded
phyllite along most of its length.

Bailey (1990) showed the map area to be reg u larly dis -
sected by north east erly-trending, high-an gle extensional
faults. Al though they are rarely ob served in out crop, he in -
ter preted them from aero mag net ic pat terns. No sub stan tive
ev i dence for sig nif i cant faults with this ori en ta tion was
found dur ing the current study.

The Chiaz fault (Bailey, 1988) is a north-trending ar cu -
ate fault that fol lows the east ern bound ary of the map area
for ap prox i mately 40 km north wards from the Quesnel
River fault. The fault has a well-de fined aero mag net ic sig -
na ture that cross cuts the north west-trending re gional aero -
mag net ic grain. Bailey (1990) es ti mated a min i mum of
4 km of dextral dis place ment along this struc ture and at
least 5 km of ver ti cal dis place ment (west side up) from off -
set of gran ite ex posed at its south ern end in the Quesnel
River and the dis tri bu tion of ba salt across the fault. Ad di -
tional ev i dence to sup port right lat eral dis place ment along
this struc ture is the north west-trending con tact of the Cot -
ton wood River suc ces sion of sed i men tary rocks and the
West ern Volcaniclastic suc ces sion (lo cated 5 km south east
of Rob ert son Lake), which dis plays at least 10 km of
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Fig ure 11. Equal-area lower-hemi sphere stereonet pro jec tions of struc tural data from the Quesnel River map area. The map area has been
di vided into five struc tural do mains (I to V) east of the Fra ser River, and the data are col our coded to these ar eas.



dextral displacement before it reappears east of Nyland
Lake.

The Oligocene rocks of the Aus tra lian Creek For ma -
tion trend north erly and dip gen er ally shal lowly, with the
ex cep tion of a well-de vel oped anticline ex posed along the
east bank of the Fra ser River, 6 km south of Quesnel (Fig -
ure 15; Rouse and Mathews, 1979).

METAMORPHISM

Phyllite in the north east ern part of the area (Black
pelite suc ces sion) and close to the Quesnel River (dark
banded phyllite) has chlorite+mus co vite+quartz+plagio -
clase as sem blages, with bi o tite lo cally pres ent. Mafic vol -
ca nic and volcaniclastic rocks in the north ern part of the
Green Volcaniclastic suc ces sion (GVS) and the Dragon
Moun tain suc ces sion con tain am phi bole, plagioclase,
epidote, car bon ate and chlorite. Pyroxene crys tals are fully
or partly con verted to am phi bole or chlorite, quartz-epidote 
veins and re place ment pods are wide spread, and the rocks
have an over all green ap pear ance. In the south ern part of
the Green Volcaniclastic suc ces sion, chlorite is ab sent and
mafic meta vol can ic rocks have the as sem blage am phi -
bole+epidote+plagioclase. Meta mor phic am phi bole is
aligned par al lel to fo li a tion and lo cally dis plays a lineation.
Al though trans formed min er al og i cally, many rocks re tain
their volcaniclastic or vol ca nic tex ture—pheno crysts and
de tri tal crys tals are dis cern ible in al most all rocks that are
suf fi ciently coarse grained. Meta mor phic min eral as sem -
blages in the area in di cate greenschist-fa cies meta mor -
phism, possibly reaching epidote-amphibolite facies in the
southern GVS.
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Fig ure 12. Folds in the dark banded phyllite (struc tural
do main II): A) tight F1 fold with gently plung ing axis; S1
is ax ial pla nar; B) larger scale F1 fold ex posed in
stream can yon; the left limb of the fold has been faulted
off; C) F2 crenulations of S0/S1 sur face in dark phyllite;
D) F2 fold of banded phyllite with spaced S2; the fold
fac ing di rec tion is given by graded bed ding.

Fig ure 13. Small-scale faults in the dark banded phyllite (Dragon
Moun tain suc ces sion). Note the trun ca tion of the lay ers on which
the ham mer rests.

Fig ure 14. Pho to mi cro graph of my lon ite zone in Mid dle Ju ras sic
K-feld spar–megacrystic monzogranite of the Quesnel River pluton 
(3 mm field of view; crossed polars).



In con trast, mafic volcaniclastic rocks be long ing to
struc tural do main IV have not been sub stan tially af fected
by meta mor phic recrystallization. Many volcaniclastic and
vol ca nic rocks in the Ma roon Volcaniclastic suc ces sion re -
tain their ma roon-col oured ma trix and clasts rather than be -
ing green. They lack epidote veins and pods and, al though
plagioclase crys tals are al tered, de tri tal pyroxene crys tals
are com monly fresh. Rocks in this do main there fore dif fer
from those else where in two re spects: they were not
ductilely de formed and they are much less ex ten sively
hydrated and recrystallized.

Vol ca nic rocks of the Endako and Ootsa Lake groups
ex pe ri enced ze o lite fa cies meta mor phism, and the Ter tiary
sed i men tary rocks are unmetamorphosed.

Al ter ation zones have de vel oped in the volcaniclastic
and sed i men tary coun try rocks pe riph eral to ig ne ous bod -
ies in the map area. With the ex cep tion of the Quesnel River 
pluton, the al ter ation zones are gen er ally lim ited to nar row
zones of less than 100 m. At the south ern end of the Quesnel 
River pluton, gar net+actinolite+epidote±bi o tite over print
the meta vol can ic rocks im me di ately ad ja cent to the con tact
with the gran ite. As sum ing a ver ti cal con tact, the al ter ation
ex tends 2–400 m outwards from the granite.

Fine-grained black sed i men tary units of the Cot ton -
wood River suc ces sion are in truded by a clus ter of small,
north-trending, crowded megacrystic, orthoclase syenite
por phyry stocks. Ad ja cent to the syenite, the sed i men tary
rocks are vari ably al tered to a fine-grained, brown to dark
pur ple bi o tite-chlorite-py rite±pyrrhotite hornfels. Over -
print ing the hornfels are frac ture-con trolled, pale,
anastomosing bleached zones of Na- and/or K-en riched hy -
dro ther mal al ter ation. Late-stage (?) sheeted quartz veins
and stockworks ex tend be yond the pluton mar gins into the
hornfelsed coun try rocks. Mi nor sulphides of Fe, Cu and Pb 
oc cur lo cally. Small, com pos ite, mafic to ultra mafic stocks
and plugs of hornblendite, diorite, monzonite and syenite
in trude green volcaniclastic rocks of the West ern
Volcaniclastic suc ces sion along a me dial north west-
trending axis. Dark hornfels and potassic al ter ation over -
prints green vol ca nic rock, with skarn and calcsilicate al ter -
ation oc cur ring in cal car e ous volcaniclastic ho ri zons
(MINFILE 093B  027; MINFILE, 2008). No sulphide
introduction was recognized.

MINERALIZATION

With the ex cep tion of Ter tiary and youn ger placer, coal 
and di at o mite oc cur rences, min er al iza tion in the Quesnel
River area is re lated to Me so zoic subduction-gen er ated arc
magmatism and high-level em place ment of stocks and
plutons that oc cupy the north east ern half of the map area
(Figure 16, Table 1).

Two past-pro duc ing surficial placer Au de pos its are
lo cated along the Quesnel River, and sub-bi tu mi nous coal
and lig nite beds are known to oc cur within sec tions of the
late Early Oligocene Aus tra lian Creek For ma tion ex posed
in the Fra ser River val ley. East of the study area, di at o mite
over lies the coal-bear ing stra tig ra phy (Rouse and
Mathews, 1979; Hora, 2008).

North of the map area, lim ited pro duc tion is re corded
for the alkalic Cu-Au por phyry min er al iza tion at Mouse
Moun tain (Suther land Brown, 1957), and show ings of Mo
and W min er al iza tion oc cur near the west ern mar gin of the
Naver pluton. South of the map area, Cu±Mo por phyry
min er al iza tion as so ci ated with calcalkaline in tru sive com -
plexes at the Gi bral tar mine, and Cu±Au por phyry and
propylitic Au re place ment as so ci ated with al ka line in tru -
sive cen tres at the Mount Polley mine and the QR mine, re -
spec tively, rep re sent im por tant ex plo ra tion models for this
part of the Nicola Arc.

Proven and prob a ble re serves at Gi bral tar (0.2% Cu
cut-off) to tal 472.4 Mt of 0.315% Cu and 0.008% Mo, with
an ad di tional 958 Mt of mea sured and in di cated re sources
at 0.298% Cu and 0.008% Mo (Taseko Mines Lim ited,
2008). Proven and prob a ble re serves at Mount Polley in -
cor po rate the open pit min ing of the South east zone, C2
zone and the Springer zone, in ad di tion to the Wight and
Bell pits, and to tal 55.6 Mt at 0.36% Cu, 0.30 g/t Au and
0.66 g/t Ag (Im pe rial Met als Cor po ra tion, 2008), with an
ad di tional mea sured and in di cated re source of 104.8 Mt at
0.295% Cu, 0.304 g/t Au and 0.19 g/t Ag. Re serves for the
QR mine, es ti mated by Kinross Gold Cor po ra tion on Jan u -
ary 1, 1997, were 1.57 Mt grad ing 3.99 g/t Au, with the
main zone host ing an es ti mated 0.6 Mt at 4.4 g/t Au
(MINFILE 093A  121). De vel op ment and mill ing op er a -
tions at the mine have re com menced, with the first gold
pour re ported in November 2007 (Cross Lake Minerals
Ltd., 2007).

Min er al iza tion in the map area in cludes
· Au±Cu de vel oped in potassic, skarn and propylitic al -

ter ation as sem blages in cal car e ous volcaniclastic
rocks ad ja cent to the Cantin Creek mafic-ultra mafic
plutonic complex;

· Cu-Au-Mo as so ci ated with el e vated As-Sb-Bi±Pb-Zn
geo chem i cal sig na tures ad ja cent to the Mid dle Ju ras -
sic calcalkaline Quesnel River pluton, apophyses and
re lated stocks lo cated north east of Dragon Lake; and

· weak sili ci fi ca tion and py ritic al ter ation zones with el -
e vated base met als de vel oped pe riph eral to K-feld -
spar–megacrystic quartz syenite bod ies that in trude
the Cot ton wood suc ces sion (Table 1).

Thirty-two rock geo chem i cal sam ples were col lected
from al ter ation and min er al iza tion over the course of three
sum mers (2006, 2007 and 2008) map ping in the Quesnel
River map area (Ta ble 2). The ma jor ity of these sam ples
(30) were col lected north east of the Quesnel River fault and 
at test to the higher min eral po ten tial of the vol ca nic and
plutonic Nicola Group rocks that underlie this area.
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Fig ure 15. Up right an ti cli nal fold in Oligocene Aus tra lian Creek
For ma tion con glom er ate, sand stone and siltstone units, ex posed
be tween the rail road line and the Fra ser River, 6 km south of
Quesnel.
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Fig ure 16. Ge ol ogy the Quesnel River map area, show ing the dis tri bu tion of MINFILE oc cur rences de scribed in Ta ble 1 and geo chem i -
cal/as say sam ple lo ca tions listed in Ta ble 2. The num bers ac com pa ny ing the MINFILE oc cur rences and geo chem i cal/as say sam ple lo -
ca tions cor re spond to the last part of the ‘MINFILE No.’ in Ta ble 1 and ‘Sta tion No.’ in Ta ble 2, re spec tively.
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Table 1. MINFILE occurrences within the Quesnel River map area (NTS 093B/16).
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Table 2. Assays of rock samples collected during 2006, 2007 and 2008 fieldwork, Quesnel River map area (NTS 093B/16); anomalous values are highlighted in yellow.
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Table 2 (continued)



Late Triassic (?) to Jurassic Zn-Pb-±Mo-Au
Mineralization

Quartz-sul phide vein min er al iza tion at the AB-XL
show ing (MINFILE 093B  027; Ta ble 1) is as so ci ated with
small stocks of orthoclase-megacrystic syenite and a
monzonite, which in trude sed i men tary rocks of the Cot ton -
wood River succession.

Miarolitic, orthoclase-megacrystic syenite in tru sions
un der lie the 10 km2 area that ex tends from the head wa ters
of Dea con Creek south east across the 500 Road. They are
com pos ite bod ies con sist ing of 1) coarse-grained, equi -
granular, orthoclase- and hornblende-phenocrystic syenite, 
in truded by 2) crowded, orthoclase-megacrystic por phyry
syenite and 3) fine-grained dikes of orthoclase. Sheeted and 
stockwork quartz veins cross cut all three phases of the in -
tru sion and the fine-grained black and green argillite and
phyllite coun try rocks. The veins are late-stage, brit tle
quartz±orthoclase veins that oc ca sion ally dis play
orthoclase al ter ation en ve lopes. The vein quartz is mas sive
and white, with crys tals ori ented per pen dic u lar to vein
walls or zones of bull ish white quartz fill ing brit tle frac -
tures and heal ing brec cia zones. In ad di tion, the quartz oc -
cu pies miarolitic cav i ties and comb quartz lay ers, and
rarely is min er al ized with py rite and sparse ga lena. The
mean prin ci pal ori en ta tion for quartz veins cut ting the
syenite is 347°/72°, but these sheeted vein sets are com -
monly cut by a youn ger or thogo nal set of veins trending
250°/80°.

Sam ples of the orthoclase-megacrystic syenite
(07GLE40-204, -206, 08JLO14-140A, 08JLO15-147), the 
sheeted quartz veins and stockwork that cut the in tru sion
(06JLO15-139), and hornfelsed, quartz-veined ar gil la -
ceous coun try rock (06JLO15-135) that host the in tru sions
were col lected and an a lyzed to as sess the po ten tial of this
suite of alkalic in tru sions to host Cu-Au min er al iza tion.
The re sults in Ta ble 2 in di cate that the high est anom a lies
oc cur in the al tered and quartz-veined coun try rocks ad ja -
cent to the syenite. Argillite sam ple 06JLO15-135 is
hornfelsed and si lici fied by dis crete vit re ous quartz
veinlets with wide al ter ation en ve lopes, typ i cally 2–3 times 
the width of the veinlet, and re turned el e vated Zn, Pb, Cd,
±Cu ±Mo val ues (Fig ure 17). The quartz veins sam pled that 
cut the in tru sions con tained only back ground val ues. How -
ever, cross cut ting vein sam ples yet to be an a lyzed con tain
dis sem i nated ga lena. Two of the four syenite sam ples con -
tained slightly el e vated Au values but no coincident
anomalous values for other elements.

A north west-trending ridge of rusty-weath er ing black
argillite and lesser green siltstone is lo cated north of
Benson and Rob ert son lakes. The rocks are mas sive, with
faint, cryp tic, fine lami na tions sug ges tive of bed ding. They
pos sess a splin tery or conchoidal frac ture pat tern re sult ing
from sil ica or hornfels al ter ation. Bailey (1989) showed an
in tru sive body of grey por phy ritic syenite (his unit 7B)
north east of this lo ca tion that could ac count for the ob -
served hornfels al ter ation. Pale green ish al ter ation en vel -
ops and bleaches the argillite ad ja cent to centi metre-scale,
sul phide-rich quartz veins. Where vein den sity is high, dis -
sem i nated py rite oc curs through out the argillite. Grab sam -
ples from this lo ca tion (07GLE38-194) re turned anom a -
lous val ues for Zn, Cd and Mo, with slightly el e vated Cu
and Au (Ta ble 2). This el e ment as so ci a tion is sim i lar to that
of min er al iza tion as so ci ated with sed i ment-hosted, K-feld -

spar–megacrystic syenite that intrudes sedimentary rocks
of the Cottonwood succession.

Early Jurassic Au±Cu Mineralization

CANTIN CREEK

The Cantin Creek show ing (MINFILE 093B  064) is
lo cated west and east of the 500 Road, ap prox i mately
10 km north of its junc tion with the Nyland Lake Road in
the up per reaches of Cantin Creek. It was ex plored first in
1964 (Ba con, 1964) and again in the late 1980s and early
1990s, with sub stan tial geo phys i cal, geo chem i cal and di a -
mond-drill ing (~4000 m) pro grams look ing for an other
QR-type de posit (Fox, 1975, 1985, 1990; Goodall and Fox,
1989). Out crop is scarce and his tor i cal drill ing in ter sected
be tween 40 and 90 m of over bur den con sist ing of gravel
and wa ter-soaked clay (Fox, 1985). Re cent ex plo ra tion has
in cluded ad di tional di a mond-drill ing de signed to test in -
duced-po lar iza tion (IP) and geo chem i cal tar gets pe riph eral 
to, and dis tal from, the Cantin Creek stock (Miller-Tait,
2004). The stock is a mafic-ultra mafic com plex com posed
of pyroxenite, diorite and gab bro. Early ex plo ra tion drill -
ing fo cused on de fin ing the ex tent and metal con tent of this
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Fig ure 17. Hornfelsed and veined argillite of the Cot ton wood
River suc ces sion, lo cated pe riph eral to crowded orthoclase-
megacrystic syenite. Py rite±pyrrhotite vein stockworks are
char ac ter ized by pale anastomosing bleached al ter ation en -
ve lopes of Na and/or K- al ter ation.



body. As say re sults from more than 150 one-metre sam ple
in ter vals of the pyroxenite, gab bro and diorite re turned low
Au val ues of <50 ppb (Fox, 1985) to 5 ppb (Goodall and
Fox, 1989), while fel sic in tru sions av er aged 15 ppb and lo -
cally up to 130 ppb (Goodall and Fox, 1989). How ever, the
best as say re sults were in ter sected in mar ble±calcsilicate
skarn and propylitic alteration zones peripheral to the main
Cantin Creek stock.

Interbedded hornfels, di op side and gar net calcsilicate
and mar ble in truded by nar row fel sic dikes in drillhole G-
10 re turned a high value of 3690 ppb Au and seven one-
metre sam ples with val ues greater than 1000 ppb Au
(Goodall and Fox, 1989). Propylitically al tered ba salt cut
by 2–5 m wide fel sic dikes in ter sected in drillhole 20 re -
turned 16 one-metre sam ples with greater than 100 ppb Au
and one of 1779 ppb Au (Fox, 1990). Au rif er ous cal cite-
flu o rite vein ing in pyroxene-plagioclase–phyric brec cia,
in ter sected be tween 131 and 139 m in drillhole 21, re turned
1.8 g/t Au over 8 m. Drillhole 25 was drilled to test the IP
anom aly lo cated north east of the stock and re turned some
of the more con tin u ous min er al iza tion (Fox, 1990). Anom -
a lous Zn and Cu val ues (1 m sam ples as high as 1.9% Zn
and 0.2% Cu) with low Au val ues were in ter sected in py -
ritic epidote hornfels be tween 63 and 73 m; propylitized
cal car e ous volcaniclastic rocks be tween 112 and 120 m re -
turned 212 ppb Au over 8 m; a 6 m in ter val of propylitic ba -
salt be tween 136 and 142 m re turned 1.7 g/t Au and low Zn
and Cu val ues; and a fel sic dike in ter sected at 151 m re -
turned 391 ppb Au over 3 m. Fox (1990) con cluded that the
min er al ized ma te rial and lo cal strati graphic section at
Cantin Creek were typical of the QR Au deposit.

LYNDA

The Lynda show ing (MINFILE 093B  025) is lo cated
3 km south of the Cantin Creek show ings in out crops ex -
posed along the 500 Road. It is char ac ter ized by sed i men -
tary/vol ca nic-hosted Cu min er al iza tion con sist ing of finely 
dis sem i nated tetrahedrite and chalcocite re place ments of
lime stone, and stratabound na tive Cu re place ments of
amygdules, ves i cles and frac tures in ba salt flows and
volcaniclastic rocks. Mal a chite and az ur ite are com mon on
weath ered sur faces. A 1 m chip sam ple of min er al ized
dolomitic lime stone re turned 2445 ppm Cu, 69 ppm Pb,
321 ppm Zn, 3600 ppb Hg, 3.4 ppm Ag and 15 ppb Au
(Turner, 1983). Geo chem i cal anal y ses of al tered and min -
er al ized ma roon vol ca nic rocks (06JLO10-96 and 19-165)
that un der lie the lime stone and an alkalic dike (JLO19-
164b) are listed in Ta ble 2. The vol ca nic rocks show
anomalous Cu values but low Au, Ag and base-metal con -
tents.

Middle Jurassic Cu-Au-Mo Mineralization

KATE

The Kate show ing (MINFILE 093B  053) is lo cated in
the Quesnel River can yon, ap prox i mately 9 km up stream
from Quesnel. Pyroxene-phyric flows and volcaniclastic
and fine-grained sed i men tary rocks of the Late Tri as sic
Nicola Group are in truded by a suite of quartz-sat u rated Ju -
ras sic stocks and Eocene mafic dikes. Con tacts are sharp,
cross cut ting and chilled for sub se quent phases. Tex tures
sug gest an early fine-grained equigranular monzodiorite,
fol lowed by a feld spar-quartz-bi o tite–por phy ritic
monzonite, and a late phase of quartz-por phy ritic gran ite.

All units ex cept the ce mented Ter tiary gravel are cut by
metre-wide, east-trending, biotite lamprophyre dikes.

Sul phide min er al iza tion com prises py rite, chal co py -
rite and mi nor tetrahedrite in frac tures, and quartz-car bon -
ate veins and dis sem i na tions in the meta vol can ic coun try
rock pe riph eral to the quartz por phyry gran ite. Car bon ate
and seri cite al ter ation ac com pa nies min er al iza tion. In
zones of high-den sity frac tur ing, Fe-car bon ate re place -
ment is per va sive, tex tur ally de struc tive and pro duces
pink- to buff-col oured rock. An as sem blage of do lo mite,
py rite, cal cite, quartz and seri cite dom i nates this al ter ation.
Sec ond ary min er als in clude mal a chite, az ur ite and he ma -
tite. Two geo chem i cal sam ples of sul phide min er al iza tion
(05JLO8-73 and 08JLO21-191) were col lected from the
Quesnel River can yon at the Kate show ing (Fig ure 18). Re -
sults show a multi-el e ment suite of elevated to anomalous
values for Au, Ag, As, Bi, Cu, Mo, Sb, Pb and Zn (Table 2).

At Mouse Moun tain, these Mid dle Ju ras sic Fe-car bon -
ate al ter ation zones (trending north and east) over print the
Late Tri as sic alkalic al ter ation as sem blage and can di lute
Cu-Ag grades of the monzonite-re lated min er al iza tion.
Zones of Fe-car bon ate al ter ation are char ac ter ized by el e -
vated As, Sb and Mo val ues (Jonnes and Logan, 2007).

MANDY

The Mandy show ing (MINFILE 093B  046) is lo cated
1.3 km south of the south ern mar gin of the Quesnel River
pluton in hornfelsed metavolcaniclastic rocks of the Nicola
Group. Min er al iza t ion is hosted in Fe-car bon ate
(ankeritic)–quartz veins de vel oped in sheared meta vol can -
ic rocks and in cludes spo radic Cu, Zn, Ag and Au val ues
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Fig ure 18. Mas sive, fine-grained py rite vein with Fe-car bon -
ate and sil ica al ter ation en ve lope, hosted in meta vol can ic
rocks ad ja cent to a quartz por phyry in tru sion at the Kate oc -
cur rence (MINFILE 093B  053).



over widths of 1.5 m. The veins strike east erly, dip steeply
north and oc cupy an en échelon north east erly-step ping dis -
tri bu tion. They are sheeted, milky white mas sive quartz
banded with dis con tin u ous blebs and lay ers of sulphides
that in clude py rite, chalcopyrite and tetrahedrite.

A grab sam ple of tetrahedrite-min er al ized vein ma te -
rial from pit 1, which is ex plored by a 6 m de cline, re turned
13.54% Cu, 1530 g/t Ag, 2.36 g/t Au and 7.49% Sb
(Larabie, 1985). A ran dom chip sam ple across 1.5 m of the
same quartz-an ker ite vein, hosted in sheared metabasalt,
yielded 3.3% Cu, 0.02% Pb, 0.45% Zn, 435 g/t Ag, 0.65 g/t
Au and 0.29% As (Durfeld, 1986). El e vated As and Sb val -
ues sug gest the pres ence of ten nan tite (Cu12As4S13) in ad di -
tion to tetrahedrite (Cu12Sb4S13) within the veins. A weakly
pyritized north-trending Fe-car bon ate al ter ation zone
cross cuts quartz-epidote±py rite–re placed volcaniclastic
rocks in an ex plo ra tion pit ad ja cent to the log ging road ac -
cess. A grab sam ple from this al ter ation zone is barren
(Table 2, station 08JLO7-76,).

TARN

The Tarn show ing (MINFILE 093B  057) is lo cated
1.5 km north east of the Quesnel River in epidote-am phi bo -
lite–fa cies meta vol can ic rocks of the Green Volcaniclastic
suc ces sion. The show ing is spa tially as so ci ated with an
aero mag net ic high co in ci dent with the south west ern con -
tact au re ole of the Quesnel River pluton. Sparse Cu, Mo,
Au and Ag min er al iza tion has de vel oped along frac tures
and as lo cal dis sem i na tions in the meta vol can ic rocks ad ja -
cent to hornblende-bi o tite monzogranite, coarse bi o tite
quartz monzodiorite and felsite units that char ac ter ize the
south ern mar gin of the pluton. Trench ing and sam pling
around the orig i nal dis cov ery site re turned val ues that av er -
aged 0.67% Cu, 0.029% Mo, 7.3 g/t Ag and 0.4 g/t Au
(Camp bell et al., 1981). Fol low-up rock sam pling of skarn-
, chlorite- and sil ica-al tered meta vol can ic, felsite, diorite
and feld spar por phyry units could du pli cate but not ex pand
these anom a lies be yond the orig i nal show ings. Soil geo -
chem is try rec og nized anom a lous Cu, Mo, Ag and Au val -
ues, but their er ratic dis tri bu tion led Campbell et al. (1981)
to conclude there was not an economic target present on the
property.

The min er al ized show ings were not sam pled dur ing
the cur rent map ping pro ject.

NYLAND LAKE

The Nyland Lake show ing (MINFILE 093B  053) is
clas si fied in cor rectly as a Mo show ing lo cated in the cen tre
of Nyland Lake. As sess ment re ports cov er ing the area in di -
cate anom a lous Au val ues in heavy-min eral pan con cen -
trates and con cluded a lode Au po ten tial for the area (Troup
and Freeze, 1985). The area, ap prox i mately 1.5 km west of
Nyland Lake, con tains the east-trending al tered con tact be -
tween Nicola Group meta vol can ic rocks and gran ite of the
Quesnel River pluton. Calcsilicate and sul phide as sem -
blages over print the meta vol can ic rocks ad ja cent to the
south ern con tact zone of the pluton, which is char ac ter ized
by abun dant nar row gran ite apophyses and aplite and peg -
ma tite dikes. A sin gle grab sam ple of epidote-gar net-
chlorite-quartz–al tered meta vol can ic rock, taken ad ja cent
to the con tact with granite, returned a Au-only anomaly of
40 ppb (Table 2).

MISCELLANEOUS MINERALIZATION

Geo chem i cal grab sam ple 07GLE34-162 con sists of
strongly al tered (bleached, si lici fied and pyritized), grey to
green, fine-grained volcaniclastic rock cut by sul phide-
bear ing centi metre-thick quartz veins. Bleach ing and sur -
face ox i da tion have pro duced an out crop of brown-, or -
ange- and green-weath ered rock that re turned anom a lous
val ues in As, Nb and W (Ta ble 2). The sam ple site is lo cated 
close to the con tact be tween the Cot ton wood River suc ces -
sion and the West ern Volcaniclastic succession.

Mo lyb de num min er al iza tion is as so ci ated with aplite
dikes cut ting diorite at the Daphne show ing (MINFILE
093A  123), lo cated im me di ately ad ja cent to the south east
cor ner of NTS area 093B/16. Mo lyb de nite oc curs with
quartz in string ers, as specks in the aplite and as frac ture
coat ings in the diorite (Petersen, 1976).

CONCLUSIONS

The Quesnel River map area in cludes Mid dle Tri as sic
to Early Ju ras sic sed i men tary, vol ca nic and plutonic rocks
of the Quesnel terrane and youn ger units that over lie the
Cache Creek terrane in the south west ern part of the map
area.

These youn ger rocks in clude Ju ras sic Dragon Moun -
tain sed i men tary rocks; Eocene dacite and ba salt;
Oligocene to Mio cene sed i men tary rocks; and thick ac cu -
mu la tions of un con sol i dated Qua ter nary de pos its. The
thick est ac cu mu la tion of Qua ter nary de pos its is pre served
in a 4 km wide, north-trending Pleis to cene val ley that fol -
lows the east side of the Fraser River.

The Nicola Group has been di vided into two main units 
in the Quesnel River map area: an East ern Sed i men tary suc -
ces sion (ESS) and West ern Volcaniclastic suc ces sion
(WVS). These can be traced northwestward along strike
into cor re la tive Nicola units of the Cot ton wood map area
(Lo gan et al., 2008) and south east into the Mount Polley
area (Lo gan et al., 2007b). The ESS com prises a pack age of
dis rupted, green and grey cherty argillite, siltstone, lime -
stone and tuffaceous sand stone that cor re lates with the Cot -
ton wood River suc ces sion (Lo gan, 2008), and a mixed
pack age of pyroxene volcaniclastic rocks and Mid dle Tri -
as sic dark phyllite, siltite and slate that cor re late with the
East ern Volcaniclastic and Black pelite suc ces sions to the
north in the Cot ton wood map area (Lo gan et al., 2008). The
WVS is a pyroxene-rich volcaniclastic suc ces sion, char ac -
ter ized by green and ma roon, polylithic vol ca nic con glom -
er ate interbedded with lime stone, ma roon and/or green
pyroxene ba salt, and fine-grained, bed ded volcaniclastic
rocks, that cor re lates with rocks of the same name in the
Cot ton wood map area (Lo gan, et al., 2008). The Cot ton -
wood River suc ces sion and con form ably over ly ing West -
ern Volcaniclastic suc ces sion are Late Tri as sic or older be -
cause the up per part of the suc ces sion is cut by monzonite
of the Late Triassic (207 Ma) Mouse Mountain stock.

The iso lated lime stone lo cated north of Hallis Lake has 
been re in ter preted as a cri noid ossicle–rich, Late Tri as sic
grainstone rather than a Cam brian archaeocyathid-bear ing
rock (Tip per, 1978).

The area south east of the Quesnel River is un der lain by 
a coars en ing-up ward se quence of sed i men tary rocks of Tri -
as sic (?)/Early Ju ras sic to Mid dle (?) Ju ras sic age that com -
prises a lower pack age of black, thin-banded phyllite and
py ritic and cal car e ous argillite and siltstone, and an up per
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se quence of thick-bed ded or mas sive, vol ca nic- and
plutonic-clast con glom er ate, quartz grit, lime stone and
greywacke. The Ashcroft For ma tion of south ern BC
formed in a fore-arc ba sin from ma te rial shed from the up -
lifted Nicola vol ca nic-plutonic arc and Cache Creek
accretionary wedge (Travers, 1978). A sim i lar in ter pre ta -
tion is pos tu lated for the Dragon Moun tain suc ces sion in
the Quesnel River map area. Cache Creek rocks form the
base ment to the south west ern part of the map area, where
they are over lain mainly by the Dragon Moun tain suc ces -
sion. A gradational strati graphic con tact be tween the Late
Tri as sic Green Volcaniclastic suc ces sion (Nicola Group)
and Early Ju ras sic Dragon Moun tain suc ces sion is ap par ent 
east of Dragon Lake, sug gest ing that de po si tion was con -
tin u ous from Late Tri as sic through early Ju ras sic. This im -
plies that the Dragon Moun tain suc ces sion is an over lap as -
sem blage link ing the Cache Creek base ment rocks in the
map area to the Nicola Group fore-arc (Quesnel terrane)
prior to the end of the Late Tri as sic. This in ter pre ta tion is
fur ther sup ported by re la tion ships at the Gi bral tar mine,
30 km to the south. Here 212 Ma subduction-gen er ated arc
plutons in trude Cache Creek rocks that prob a bly oc cu pied
a fore-arc setting to the nascent Nicola arc prior to the
culmination, in the Late Triassic, of Nicola Group arc
magmatism.

In tru sive rocks in the map area in clude the Early Ju ras -
sic (ca. 193 Ma) Po laris suite of mafic-ultra mafic com -
plexes, synkinematic Mid dle Ju ras sic (165, 160, 158 Ma)
suite of gran ite, and Ter tiary (ca. 50 Ma) suite of alkalic
mafic dikes. Dis crete brit tle shear zones with oblique-
dextral sense of shear cut across the Mid dle Ju ras sic
Quesnel River pluton.

Min er al iza tion in the Quesnel River map area is as so -
ci ated with em place ment of high-level in tru sions and com -
prises a Late Tri as sic (?) to Early Ju ras sic ep i sode char ac -
ter ized by Zn-Pb±Mo-Au, an Early Ju ras sic ep i sode of
Au±Cu and a Mid dle Ju ras sic ep i sode of Cu-Au-Mo
deposition.

An early Mio cene tec tonic event pro duced anticlines
in Oligocene sed i men tary rocks.
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