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INTRODUCTION

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

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

Ad ja cent to the Ea gle Plutonic Com plex in the west,
rocks cor re lated with the Nicola by Rice (1947) and Mon -
ger (1989) are re mark able for be ing more highly de formed
and meta mor phosed. This belt also shows sig nif i cant
lithological dif fer ences to the im me di ately ad ja cent Nicola
vol ca nic rocks, and is the host to volcanogenic mas sive sul -
phide (VMS) de pos its (e.g., Red Star and S and M prop er -
ties). These dis sim i lar i ties in rock type and the pres ence of
VMS de pos its cast some doubt on the cor re la tion with the
Nicola Group. The belt may be equiv a lent to the Late Perm -
ian to Early Tri as sic Sitlika-Kutcho se quences, in clud ing
vol ca nic rocks and in tru sions from the Ashcroft area
(Childe et al., 1997), about 150 km north-northwest of
Princeton.

Map ping in 2008 fo cused in the area to the south west
of Prince ton (Fig ure 1). The map area stretches from the
Wolfe Creek area and Cop per Moun tain south west to
Eastgate and the bound ary of Man ning Park and west to the
Whip saw Creek and Hud son Bay Mead ows ar eas. In 2009,
map ping will con tinue north wards from Whip saw Creek to
the Tulameen and Ot ter Lake areas.

PREVIOUS WORK

The Prince ton area has a min ing his tory dat ing from
the dis cov ery of placer gold in the 1860s. The first geo log i -
cal re port for the area was that of Bauerman (1885), based
on work done dur ing the Bound ary Com mis sion Ex pe di -
tion of 1859–1861. Re gional geo log i cal stud ies were un -
der taken by Dawson (1877), who de fined and de scribed the 
rocks of the Nicola Group. Sub se quent map ping in the
Prince ton and ad ja cent ar eas was un der taken by Camsell
(1913), Bostock (1940a, b), Rice (1947), Preto (1972,
1979), Coates (1974), Ray and Dawson (1987) and Mon ger 
(1989). Coal-bear ing units of the Prince ton Group have
been de scribed by Camsell (1913), Shaw (1952a, b), Hills
(1962) and McMechan (1983), while in dus trial min er als
have been de scribed by Read (1987, 2000). De tailed in ves -
ti ga tions of the in tru sions and as so ci ated cop per min er al -
iza tion at Cop per Moun tain were re ported by Dolmage
(1934), Fahrni (1951), Mont gom ery (1967), Preto (1979)
and Stan ley et al. (1995). No sys tem atic map ping of Qua -
ter nary deposits, soils or terrain features has been un der -
taken in the area.

GEOLOGY

The re sults of this sum mer’s map ping are sum ma rized
in Fig ures 2 and 3.

Stratified Units

LATE TRIASSIC NICOLA GROUP

The Nicola Group con tains the old est ex posed rocks in
the area and is the main fo cus of this pro ject. Rocks pre vi -
ously as signed to the group can be sub di vided into three
pack ages. To the east, from Wolfe Creek to the Pasayten
River, the Nicola Group sed i men tary and vol ca nic rocks
have been as signed to the eastern belt (Preto, 1979;
Mortimer, 1987). Rocks to the west, in the Whip saw–Hud -
son Bay Mead ows area, are pres ently un as signed to any of
the Nicola Group belts. The higher grade meta mor phic
rocks at the west ern edge of the map area are herein re -
named the ‘Eastgate-Whip saw meta mor phic belt’. As out -
lined above, their cor re la tion with the Nicola Group is
equiv o cal. The meta mor phic belt is in fault con tact with the
Nicola Group proper (Figure 2).

East ern Part of Map Area

Within the map area, the east ern Nicola Group com -
prises an un named lower se quence of clastic sed i men tary
rocks, over lain by a mixed vol ca nic and vol ca nic sed i ment
pack age, called the Wolfe Creek For ma tion by Preto
(1972).
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Lower Un named Sed i men tary Rocks

The lower sed i men tary se quence is dom i nated by in -
terbedded black argillite, grey siltstone and sand stone.
Finer grained beds are lam i nated and may have a limy or si -
li ceous ma trix. Coarser beds can be graded, lam i nated or
crossbedded, and show bot tom struc tures such as load
struc tures. Beds vary from milli metres to sev eral centi -
metres thick. Ma trix-sup ported, polymictic peb ble to cob -
ble con glom er ate lay ers are in ter ca lated with the finer sed i -
men tary rocks. The clasts are dom i nantly clastic
sed i men tary, al though some times in clude rare lime stone
and vol ca nic ma te rial. Lime stone beds were not ob served
but have been reported by Preto (1972).

Grey, or ange-weath er ing crys tal and lapilli tuffs are
seen bed ded in the argillite and siltstone along Placer
Moun tain For est Ser vice road. Lapilli are pyroxene-feld -
spar por phyry, oc ca sion ally ve sic u lar and an gu lar in shape.

The ma trix is chloritic with a fine- to me dium-grained cal -
car e ous ce ment that ap pears to be al tered in places to skarn,
with mi nor dis sem i nated py rite, chal co py rite and ar seno -
py rite.

In the south ern reaches of Placer Creek, east of the
Bound ary fault, the sed i men tary rocks take on a pro -
nounced phyllitic char ac ter. This phyllite is fine grained
and dark grey to black with a sil very sheen to the fo li a tion.
Beds vary in thick ness, reach ing up to 10 cm, and have un -
der gone polyphase fold ing in many ar eas. Sandy beds tend
to lighter grey feld spar-seri cite schist. Con glom er ate is
weakly foliated.

Wolfe Creek For ma tion

Rocks of the Wolfe Creek For ma tion are pri mar ily vol -
ca nic in or i gin. Within the map area, they con sist of units of
vol ca nic brec cia and lapilli tuff, as well as tuffaceous sand -
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Fig ure 1. Lo ca tion of the South ern Nicola Pro ject. Ge ol ogy base map de rived from Massey et al. (2005). Boxes out line the area mapped in
2008 and pro posed for 2009. Rocks of the Nicola Group are la belled u>JNc. For other units see Massey et al. (2005).



stone and siltstone. These units are in ter mixed, but no con -
sis tent strati graphic se quence was determinable.

The fragmental vol ca nic beds in clude the interbedded
pyroxene-feld spar tuff, lapilli tuff, brec cia and ag glom er -
ate that are char ac ter is tic of the Nicola Group in other ar eas. 
They are light grey in col our, weath er ing to green-grey with 
or ange-stained frac ture sur faces. Lithic clasts vary from
an gu lar to subrounded and are typ i cally 3–5 cm across,
rang ing up to 20–25 cm in brec cia and ag glom er ate. They
are dom i nantly pyroxene-feld spar–por phy ritic ba salt and
ba saltic an de site, show ing a wide vari a tion in pro por tions
and sizes of pheno crysts. Aphyric ba salt can also be seen.
The clasts are usu ally ma trix sup ported. The ma trix is me -
dium to coarse sand sized, con tain ing feld spar and pyrox -
ene crys tals as well as small lithic clasts and chlorite.
Epidote, chlorite and cal cite oc cur as al ter ation min er als in
clasts and ma trix, and also in veins. Quartz veins are also
com mon. De vel op ment of hornfels is com mon ad ja cent to
the Copper Mountain intrusions, rendering original fabrics
cryptic.

Tuffaceous sed i men tary rocks com prise well-bed ded
siltstone, sand stone and con glom er ate, and mi nor cherty
argillite. Sand stone units are me dium to coarse grained and
grey on fresh sur faces, weath er ing to grey or or ange-
brown. They are gen er ally mas sive but may show some
grad ing. They con tain abun dant subhedral to bro ken feld -
spar, pyroxene and lithic frag ments in a chlorite ma trix.
Con glom er ate units are polylithic with a va ri ety of rounded
to an gu lar clasts. Vol ca nic clasts are usu ally pyroxene or
pyroxene-feld spar por phyry, but one cob ble to boul der
con glom er ate on the Wolfe-Belgie Branch 1 road con tained 
large boul ders of spherulitic ob sid ian, quartz-eye rhy o lite
and chert. These are the only fel sic rocks ob served in the
Wolfe Creek For ma tion within the map area. The sed i men -
tary rocks show per va sive chlorite al ter ation, veinlets and
patches of epidote, and minor amounts of disseminated
pyrite.

West ern Part of Map Area

The Nicola Group in the west ern half of the map area is
lithologically sim i lar to that in the east, al though dif fer ing
in de tails of strati graphic suc ces sion. Here, clastic sed i -
men tary rocks—black argillite interbedded with grey to
green-grey siltstone and sand stone sim i lar to those in the
east—are in ter ca lated with feldspathic tuff, tuff brec cia,
tuffaceous sand stone, peb bly sand stone and fine-grained
cherty siltstone. Pyroxene is rare to ab sent in these beds.
Thin grey lime stone beds oc cur interbedded with argillite
along the Lamont Main road.

The clastic sed i ment and feldspathic volcaniclastic
unit passes west wards, and prob a bly up wards, into typ i cal
Nicola pyroxene-feld spar tuff, lapilli tuff and brec cia.
How ever, in con trast to the east ern part of the map area,
most of the ex posed vol ca nic rocks are de formed and schis -
tose. The change from mas sive to schis tose rocks is tran si -
tional and grad ual from east to west. Ini tially, the tuff and
lapilli tuff look mas sive in out crop but dis play a weak fo li a -
tion on bro ken sur faces. This fo li a tion be comes pro gres -
sively more pen e tra tive to the west. Finer grained tuff pro -
duces blu ish green-grey chlorite schist. Rel ict pyroxene is
chloritized and var ies from euhedral shapes (Fig ure 4a) to
be ing smeared along the schistosity. Clasts in lapilli tuff
and brec cia are undeformed to slightly flat tened (Fig ure
4b). Chloritic rims may de velop around the clasts, with

feath er ing of their terminations occurring along the
foliation.

Eastgate-Whip saw Meta mor phic Belt

Rocks of the Eastgate-Whip saw meta mor phic belt are
quite dis tinct from those of the Nicola Group in ei ther the
east ern or west ern parts of the map area. They are quite het -
er o ge neous but can be di vided into three north west-
trending lithological as sem blages that show in creas ing
meta mor phic grade from greenschist in the east to am phi -
bo lite in the west. Fo li a tion and bed ding dip to the west, but
the strati graphic sig nif i cance, or even the strati graphic in -
teg rity, of the three di vi sions re mains un clear. Min eral ex -
plo ra tion ac tiv ity in the S and M camp sug gests sig nif i cant
fault ing within the pack age (see be low), al though none was 
directly observed during the course of mapping.

Am phi bo lite

Am phi bo lite forms the west ern unit of the meta mor -
phic belt and is in truded by the Ea gle pluton along its west -
ern mar gin. The am phi bo lite is over all dark grey to black in
col our and typ i cally me dium to coarse grained and well fo -
li ated, and con sists of al ter nat ing mafic- and fel sic-rich lay -
ers (Fig ure 5a). It com prises black to green ish black am phi -
bole, white feld spar, quartz and mi nor bi o tite and
mag ne tite. The elon gate am phi boles are usu ally larger than
the subhedral feld spar and quartz, and show marked align -
ment par al lel to the compositional lay er ing, al though with -
out dis tinct lineation. The am phi bo lite is pre sum ably of
vol ca nic protolith, but gen er ally no rel ict tex tures re main.
How ever, some rel ict pyroxene crys tals and cryp tic clast
out lines are ob served in out crops to the east of Huck le berry
Creek (unofficial name) and in the Hudson Bay Meadows
area (Figure 5b).

Quartz ite–Bi o tite-Quartz Schist

This sub unit oc curs in the cen tre of the meta mor phic
belt, pre dom i nantly to the south in the Eastgate–Pasayten
Creek area. It is a pack age of interbedded quartz ite, bi o tite
quartz ite, actinolite-bi o tite quartz ite, bi o tite-quartz schist
and mi nor chlorite schist (Fig ure 6a) that prob a bly de rives
mainly from si li ceous sed i ments. Quartz ite units are white
with or ange-brown ox ide stain ing on sur faces. They are
recrystallized with a me dium to coarse saccharoidal tex -
ture. They can be mas sive but of ten con tain dis sem i nated
bi o tite flakes or thin seri cite or bi o tite lay ers that im part a
fo li a tion to the rock. Dis tinc tive actinolite±bi o tite quartz ite 
con tains black to green actinolite nee dles that vary from
0.1 to 3 cm in size (Fig ure 6b). The nee dles form ran domly
ori ented sin gle crys tals, clots and sheaves that lie along the
fo li a tion sur faces. Subrounded, blue-black magnetite is
also found in some quartzite beds.

Bi o tite-quartz schist is made up of 50–60% black bi o -
tite plates that range up to 3–5 mm in size and de fine good
foliations. Sug ary quartz is finer grained and in ter sti tial to
the bi o tite. Con tacts be tween quartz ite and bi o tite schist
vary from sharp to gradational. Grey mar ble oc curs as rare
thin interbeds within bi o tite schist in the Pasayten River
area. Mar ble is also re ported in trenches and drillcore on the 
S and M prop erty (see below).

Mixed Meta vol can ic-Metasedimentary Schist

This is a very het er o ge neous pack age of schist that lies
along the east ern mar gin of the meta mor phic belt. It in -
cludes fine- to me dium-grained, dark to light grey or grey-
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green chlorite, chlorite-quartz and chlorite-seri cite schists
(Fig ure 7), and pale buff-or ange to sil very grey seri cite,
seri cite-quartz±feld spar and seri cite-chlorite schists and
pa per schists (Fig ure 8a). Red and blue rounded quartz eyes 
are com mon in some seri cite schist. Bi o tite and mag ne tite
may be mi nor phases in some chlorite schist. Quartz veins
are com mon, of ten boudinaged or tightly folded.

The schists ap pear to be de rived from fine-grained
lam i nated sed i ments or vol ca nic tuffs and tuffaceous sed i -
ments. Orig i nal vol ca nic fab rics are not pre served, al -
though rel ict chloritized pyroxene is seen in chlorite schist
in the Whip saw Creek area.

Pale grey to red and blue banded, fine-grained sacchar -
oidal quartz ite oc curs near the Redstar show ing and is prob -
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Fig ure 2. Ge ol ogy of the 2008 map area. See Fig ure 3 for key to geo log i cal units. Ab bre vi a tions: BF, Bound ary fault; BBF, Baby Buggy fault;
SFF, Similkameen Falls fault; WF, Whip saw Creek fault; FF, Frenchy Creek fault.



a bly a meta-chert (Fig ure 8b). This is mas sive to weakly fo -
li ated with fine-grained seri cite along cleav age planes.
Other mi nor rock types in clude mas sive grey to grey-green
metabasalt and mas sive to weakly cleaved, white to blu ish
pink, quartz-eye bi o tite rhy o lite. Weakly fo li ated, white to
pale buff, leucocratic quartz-feld spar por phyry forms sev -
eral dikes and a small stock in the Similkameen Falls area. It 
is un clear if this por phyry is cor re la tive with the schist or
re lated to the younger Eagle pluton.

PRINCETON GROUP

Eocene rocks of the Prince ton Group oc cur at higher
el e va tions in the cen tral and east ern parts of the map area
(Fig ure 2). They lie un con form ably on the Nicola Group
and all older in tru sive rocks. Sig nif i cant paleorelief is ev i -
dent on the un con formity and was es ti mated at more than
300 m by McMechan (1983).

Within the map area, the Prince ton Group is a het er o -
ge neous se quence of mafic to fel sic, mostly subaerial,
alkalic vol ca nic and mi nor clastic sed i men tary rocks. Ex -
po sure is of ten lim ited and dis con tin u ous, and strati graphic
re la tion ships are dif fi cult to in fer. Read (2000) cor re lated
the vol ca nic rocks (not des ig nated on Fig ure 2) with the Ce -
dar For ma tion, for merly called the ‘Lower Vol ca nic For -
ma tion’ (Shaw, 1952a; McMechan, 1983), and sug gested a
Mid dle Eocene age based on whole-rock K-Ar dat ing. He
also cor re lated con glom er ate and sand stone of the Sunday
Creek area with the over ly ing Allenby Formation, also of
Middle Eocene age.

The vol ca nic rocks vary widely in li thol ogy and com -
po si tion, from mafic to fel sic, aphyric to por phy ritic, and
mas sive to volcaniclastic, of ten chang ing char ac ter within
tens of metres. Al though gen er ally quite fresh in ap pear -
ance, the vol ca nic rocks can show a va ri ety of weath er ing
colours, with pink and pur ple hues com mon but in clud ing
some very dis tinc tive blue-green shades. Ze o lite was ob -
served in some ves i cles and vugs, and is re ported in
tuffaceous sedimentary rocks (Read, 1987).

Vol ca nic units of in ter me di ate com po si tion are most
com mon and gen er ally dis play por phy ritic tex tures. These
in clude va ri et  ies of feld spar-pyroxene, feld spar-

hornblende and feld spar-pyroxene±hornblende an -
de site; megacrystic feld spar an de site; hornblende-
bi o tite-feld spar and feld spar-hornblende±quartz
dacites; and mono lithic and heterolithic andesitic
lapilli tuffs, pyroxene and feld spar crys tal tuffs, and
fine-grained dacitic tuff. Fel sic units in clude mas -
sive, light grey to white or pink, rhy o lite, quartz and
feld spar crys tal tuffs, and lithic rhy o lite tuff. Mafic
units are dark grey or brown in col our and mas sive,
al though oc ca sion ally co lum nar jointed or ve sic u -
lar. Mi nor pheno crysts of olivine, pyroxene,
feldspar or analcite were observed.

Interbedded with the vol ca nic units are vol ca -
nic brec cia, con glom er ate and finer clastic sed i -
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Fig ure 4. Schis tose vol ca nic rocks of the Nicola Group: a) rel ict
pyroxene crys tals in chlorite schist (field station 08JVI22-07-02;
UTM Zone 10, 5459675N, 667153E, NAD83); b) schis tose
pyroxene lapilli tuff; clasts are flat tened within the fo li a tion
(08NMA31-09; UTM 5465573N, 667794E).

Fig ure 3. Geo log i cal units in the map area. Nicola Group
ab bre vi a tions: s, clastic sed i men tary rocks; p, phyllite; v,
vol ca nic rocks; vs, volcaniclastic sed i men tary rocks; v´,
schis tose vol ca nic rocks. Eastgate-Whip saw meta mor -
phic belt ab bre vi a tions: a, am phi bo lite; q, quartz ite–bi o -
tite-quartz schist; m, mixed meta vol can ic-metasedi -
mentary unit. In tru sive units ab bre vi a tions: w, Whip saw
por phyry; d, diorite; p, pyroxenite; SFF, Similkameen Falls
fault.



men tary rocks. Clasts in the brec cia and con glom er ate beds
vary from peb ble to boul der size and are polymictic, with
clasts of rhy o lite to ba salt, beige claystone, grey siltstone
and rarely gran ite. Other beds in clude black or pur ple
argillite, light grey tuffaceous sand stone, fine- to me dium-
grained light grey sand stone, and light grey felsic gritstone.

Intrusive Rocks

Sev eral phases of in tru sions have been ob served,
mostly pe riph eral to the map area. These in clude the Late
Tri as sic–Early Ju ras sic Cop per Moun tain in tru sions, the
Mid dle–Late Ju ras sic Ea gle pluton and the Cre ta ceous
Verde Creek pluton.

LATE TRIASSIC–EARLY JURASSIC
INTRUSIONS

Cop per Moun tain In tru sions

The Cop per Moun tain in tru sions in clude four main
bod ies (Preto, 1972), of which only two, the Cop per Moun -
tain and Voigt stocks, fall within the map area. These bod ies 
in trude and cause hornfels al ter ation of the Nicola Group

rocks. Ura nium-lead dat ing of zir con and ti tan ite from var i -
ous phases of the body sug gests an age of 206–200 Ma
(Mortensen et al., 1995).

The Cop per Moun tain stock was mapped by Dolmage
(1934) and Mont gom ery (1967) as a con cen tri cally zoned,
dif fer en ti ated in tru sion grad ing from an outer mafic diorite
through monzonite into a syenite core. Only the outer mafic 
zone oc curs within the map area. The diorite is white to
grey with a pink ish col our on weath ered sur faces. It is
equigranular and me dium to coarse grained (av er ag ing 1–
2 mm in size), and dis plays a typ i cal salt-and-pep per tex -
ture. Min er al og i cally, the diorite has ap prox i mately equal
pro por tions of subhedral to euhedral, creamy white K-feld -
spar and grey subvitreous plagioclase. Col our in di ces
range from 30 to 35, with prin ci pal mafic min er als be ing
pyroxene and lesser hornblende and/or bi o tite. The Cop per
Moun tain diorite has a high mag netic sus cep ti bil ity, with an 
av er age range of 10–50 and highs of 90–140, and eas ily de -
flects a pen mag net. Epidote and chlorite veinlets, some
with potassic al ter ation ha los, are fairly per va sive through -
out the diorite. Sparse xe no liths are seen in a few out crops,
in clud ing fine-grained hornfelsed metasedimentary rocks
and mafic pyroxene porphyry.

Coarse bi o tite-ol iv ine pyroxenite is as so ci ated with
the diorite in the lower reaches of Fri day Creek. The
pyroxenite is dom i nantly black pyroxene with green trans -
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Fig ure 5. Am phi bo lites of the Eastgate-Whip saw meta mor phic
belt: a) well-fo li ated me dium-grained am phi bo lite (field sta tion
08NMA16-04; UTM Zone 10, 5442156N, 674387E, NAD83); b)
am phi bo lite with rel ict pyroxene crys tals and cryp tic clast out lines
(08NMA30-09; UTM 5460351N, 664310E).

Fig ure 6. Quartz ite–bi o tite-quartz schist of the Eastgate-Whip saw
meta mor phic belt: a) interbedded quartz ite, bi o tite quartz ite and bi -
o tite-quartz schist; note schistosity is subparallel to bed ding (field
sta tion 08NMA20-11; UTM Zone 10, 54448316N, 673430E,
NAD83); b) coarse actinolite nee dles and sheaves in bi o tite
quartz ite (08NMA17-06; UTM 5442201N, 675785E).



lu cent ol iv ine, black mag ne tite and sparse white feld spar.
Bi o tite forms very coarse grained peg ma tite-like patches,
as well as smaller grains scat tered within the pyroxenite. It
can be as so ci ated with pink K-feld spar veins and al ter ation
patches, some of which show mal a chite stain ing, sug gest -
ing that it may re sult, at least in part, from potassic al ter -
ation of the original olivine pyroxenite.

Microdiorite and mafic pyroxene por phyry oc cur as
mi nor in tru sions as so ci ated with the Cop per Moun tain
stock.

The Voigt stock con sists of green-grey, equigranular,
fine- to me dium-grained diorite that weath ers to a light grey 
col our. Feld spar is mostly white plagioclase, while mafic
min er als are dom i nantly pyroxene with lesser bi o tite. A
hornblende-rich phase, with mi nor pyroxene and bi o tite,
was also ob served. As with the Cop per Moun tain diorite,
the Voigt stock is quite mag netic. Two types of cross cut ting
veinlets are found through out the in tru sion. The first, and
most com mon, is epidote-chlorite veinlets, and the sec ond
is K-feld spar–filled veinlets. Epidote al ter ation patches are
also com monly seen within the diorite.

Other Diorite and Pyroxenite Stocks

Sev eral small stocks of mafic diorite and pyroxenite
are found in trud ing Nicola Group rocks in the Whip saw
Creek area. Their cor re la tion is un cer tain, how ever, as they
may be re lated to the Cop per Moun tain in tru sions or to the
Late Tri as sic Tulameen Com plex (Nixon et al., 1997).

The diorite is fine to me dium grained and has typ i cal
grey salt-and-pep per fresh sur faces with brown or brick red 
to grey weath ered sur faces. It is com posed pri mar ily of
white feld spar and green ish black hornblende, with col our
in di ces vary ing from 30 to 50 in most out crops, but up to 70
in melanocratic phases. Mi nor min er als in clude rare
euhedral bi o tite flakes, pyroxene or quartz.

Pyroxenite is dark green to black on fresh sur faces and
weath ers dark grey. It is coarse grained with crys tals rang -
ing from 1 to 3 cm. Pyroxene con sti tutes 80–90% of the
rock, the rest be ing chlorite, mag ne tite and mi nor feld spar.
Epidote-chlorite veinlets are com mon; ser pen tin ite and cal -
cite al ter ation is rare. The pyroxenite out crops sep a rately
from but close to the diorite. Con tacts are rarely seen but
sug gest that the diorite is in tru sive into the pyroxenite.

JURASSIC–CRETACEOUS EAGLE
PLUTONIC COMPLEX

The Ea gle Plutonic Com plex lies along the west ern
mar gin of the map area (Fig ure 2), in trud ing and be ing de -
formed with the Eastgate-Whip saw meta mor phic belt.
Greig (1992) de scribed the com plex im me di ately to the
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Fig ure 7. Interlaminated chlorite and seri cite schists (meta-
argillite-metasiltstone interbeds) in the Eastgate-Whip saw meta -
mor phic belt (field sta tion 08NMA23-12-02; UTM Zone 10,
5457516N, 6660687E, NAD83).

Fig ure 8. Meta vol can ic-metasedimentary rocks of the Eastgate-
Whip saw meta mor phic belt: a) seri cite-chlorite pa per schist with
two obliquely cross cut ting schistosities (field sta tion 08NMA19-01; 
UTM Zone 10, 54469396N, 674182E, NAD83); b) s-fold in lam i -
nated quartz ite (meta-chert; 08NMA18-06-01; UTM 5447070N,
674145E).



north. Within the map area, most out crops be long to Grieg’s 
‘Ea gle tonalite’, al though, in the ab sence of petrographic
data, these were called bi o tite granodiorite in the field,
which ter mi nol ogy is re tained here. Greig et al. (1992) re -
ported Mid dle–Late Ju ras sic U-Pb zir con ages for the
Eagle tonalite.

The bi o tite granodiorite is a syntectonic in tru sion with
vary ing tex ture and fab rics. A range of fo li ate fab rics from
mas sive to gneissic is seen in the granodiorite, par tic u larly
in the mar ginal portions.

Mas sive phases are equigranular to seriate, vary ing in
grain size from 3–5 mm to 5–6 mm. White feld spar forms
subhedral laths. Trans lu cent grey quartz is ir reg u lar, of ten
in ter sti tial to feld spar and bi o tite, and may be smaller in
grain size. Bi o tite is typ i cally black and micaceous and
makes up 10–25% of the rock. Mi nor epidote and red gar net 
are com mon. Finer grained microgranodiorite (1–2 mm
grain size) is of sim i lar min eral com po si tion, al though
more melanocratic with up to 50% biotite.

Weakly fo li ated granodiorite is sim i lar to the mas sive
phase, ex cept that bi o tite shows a marked align ment (Fig -
ure 9a), may clus ter and may also be coarser grained. In fo -

li ated phases, bi o tite forms pen e tra tive sheets, or folia, that
break the granodiorite into lay ers 1–10 cm thick (Fig -
ure 9b). Within the lay ers be tween folia, bi o tite is aligned
par al lel to the folia. White feld spar megacrysts up to 1–
2 cm can be as so ci ated with the bi o tite folia, giv ing a very
dis tinc tive spot ted look to sur faces. Bi o tite folia may be
folded into tight isoclinal folds (Figure 9c)

Bi o tite gneiss oc curs in the Whip saw Creek area, mar -
ginal to the in tru sion (Fig ure 9d). Lay ers of bi o tite or bi o -
tite-feld spar al ter nate with leucocratic feld spar-quartz lay -
ers. The gneiss is in truded and in cluded by mas sive
granodiorite. The min er al ogy of the gneiss con trasts with
that of the am phi bo lite of the ad ja cent Eastgate-Whip saw
meta mor phic belt and sug gests that it may be re lated to the
‘Ea gle gneiss’ unit of Greig (1992).

Coarse quartz-feld spar-bi o tite peg ma tite and leuco -
cratic feld spar-quartz aplite in trude all phases of the
granodiorite, mas sive or fo li ated. Rare mus co vite gran ite,
prob a bly re lated to mus co vite gran ite in the mid-Cre ta -
ceous Fallslake Plutonic Suite (Greig, 1992; Greig et al.,
1992), oc curs as a mi nor phase in the south ern Cop per
Creek area, as well as oc ca sional thin dikes. The gran ite
con tains both pink and white feld spars, quartz, mus co vite,
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Fig ure 9. Fo li ated rocks of the Ea gle Plutonic Com plex: a) weakly fo li ated bi o tite granodiorite (field sta tion 08NMA24-05; UTM Zone 10,
5457745N, 663754E, NAD83); b) bi o tite folia be tween lay ers of weakly fo li ated bi o tite granodiorite (08NMA24-06; UTM 5457773N,
663966E); c) folded fo li a tion in gneissic granodiorite (08NMA25-07; UTM 5456645N, 661853E); d) bi o tite gneiss in truded by mas sive bi o -
tite granodiorite (08NMA27-02; UTM 5459801N, 663688E).



bi o tite and mi nor red gar net. Pink K-feld spar may form
megacrysts up to 2 cm in size.

CRETACEOUS VERDE CREEK QUARTZ
MONZONITE

Quartz monzonite of the Verde Creek stock is vari able
in tex ture from me dium to coarse grained, and from equi -
granular to por phy ritic. It is gen er ally pink ish grey to grey
in col our, weath er ing buff to or ange with dark iron and
man ga nese stain ing on frac ture sur faces. The quartz
monzonite is leucocratic, with white plagioclase, pink ish
K-feld spar and clear quartz. Myrmekitic inter growths of
quartz and feld spar are com mon. Quartz con tents are com -
monly about 10–15% but range up to 25% in more gra nitic
phases. Mafic min er als range from 2 to 7%, with
hornblende usu ally more com mon than bi o tite. Miarolitic
vugs, lined with brown-red–stained quartz crys tals, are
com mon. The vugs are usu ally elon gate and can be as long
as 7 cm. Mi nor in tru sive phases in clude a dis tinc tive nee dle
hornblende por phyry, char ac ter ized by long, thin laths of
hornblende up to 2.5 cm long. Con tacts with the quartz
monzonite are equiv o cal and per haps tran si tional. Pink
feld spar por phyry, pos si bly a chill phase of the quartz
monzonite, is oc ca sion ally seen as xe no liths within the
margin of the quartz monzonite stock.

Rice (1947) cor re lated the Verde Creek stock with the
Ot ter gran ite and as signed it an “Up per Cre ta ceous or later” 
age. Preto re ported two K-Ar ages of 101 ±4 Ma and
98 ±4 Ma (re cal cu lated to 102 ±8 Ma and 100 ±8 Ma, re -
spec tively, by Breitspecher and Mortensen [2004]) from bi -
o tite of the Verde Creek stock, which sug gest a late Early
Cretaceous age.

TERTIARY (?) INTRUSIONS

Many mi nor in tru sions oc cur through out the map area. 
A bi modal suite of dikes in the area around and to the east of
Cop per Moun tain has been called the ‘Mine Dykes’ in the
older lit er a ture (Preto, 1972). These are dom i nated by buff
to cream, quartz and pink feld spar por phy ries and aphyric
fine-grained felsite. They dem on strate char ac ter is tic
Liesegang rings or ‘pic ture rock’ al ter ation. Mi nor brown-
weath er ing, black, aphyric mafic dikes are also found. The
age of the ‘Mine Dykes’ is un cer tain. They may be
comagmatic with the Eocene Prince ton Group vol ca nic
rocks, al though Preto (1972) sug gested a Late Cre ta ceous
to Early Tertiary age.

In ter me di ate to fel sic dikes of more cer tain cor re la tion
with the Prince ton Group are ubiq ui tous in the map area.
They in clude feld spar ba salt; pyroxene, pyroxene-feld spar
and hornblende±feld spar an de site por phy ries; hornblende-
feld spar, feld spar and aphyric dacites; and rare rhyolite.

The Whip saw por phyry forms a small stock and as so -
ci ated dikes in the Fortyfive Mile Creek area, north of
Whip saw Creek. This grey to pink por phyry is marked by
abun dant (20–30%) white to pink feld spar laths, up to 5–
8 mm in size. Quartz is less abun dant (1–5%) and forms
smaller (1–3 mm) rounded crys tals. Hornblende and bi o tite 
pheno crysts are tab u lar, green ish black and of ten al tered to
epidote, mak ing iden ti fi ca tion dif fi cult. Dis sem i nated
sulphides and mal a chite stain ing are ob served in some out -
crops. The age of the Whip saw por phyry is un known. It in -
trudes the Ea gle pluton and may be cor re lated with por phy -
ries of the Late Cre ta ceous Ot ter Lake suite in the Tulameen 
area to the north. Al ter na tively, it may be comagmatic with
the Princeton Group.

STRUCTURE

Folds

Coarse clastic sed i men tary rocks of the Prince ton
Group in the Sunday Creek area have been cor re lated by
Read (1987) with the Allenby For ma tion, which over lies
the older vol ca nic rocks of the Ce dar For ma tion in the core
of the Ken nedy Lake syncline. This runs north-south,
subparallel and ad ja cent to the Bound ary fault. Lim ited
out crop and scar city of struc tural in for ma tion pre clude
iden ti fi ca tion of other ma jor folds within the Prince ton
Group in the map area.

In the east ern half of the map area, lack of re gional
mark ers and sus pected fa cies changes within the vol ca nic
and volcaniclastic rocks of the Nicola Group ren der the
iden ti fi ca tion of ma jor folds dif fi cult. Ob served bed ding at -
ti tudes gen er ally strike north-north west erly in the north
and be come more north west erly to the south. Dips are
steep, 60–80°to both the north east and the south west, per -
haps sug gest ing some up right iso cli nal fold ing. Shal lower
east-north east erly dips, about 45°, oc cur in the Wolfe
Creek area, south of Copper Mountain.

Schistosities in the west ern part of the Nicola Group
are subparallel to bed ding where both are ob served, and to
bed ding in nonfoliated units. They strike north-north west -
erly with shal low to mod er ate (20–45°) west erly dips. Dips
steepen in the west to 60–70°, closer to the Similkameen
Falls fault. East-north east erly-strik ing schistosity is found
to the south of the Frenchy Creek fault and also ad ja cent to
the Whip saw Creek fault. The age of de for ma tion within
the Nicola Group rocks is unknown.

The meta mor phic rocks of the Eastgate-Whip saw
meta mor phic belt and Mid dle–Late Ju ras sic, syntectonic
granodiorite of the Ea gle pluton show vari able, mod er ate to 
steep (60–90°) west erly dip ping schistosity that par al lels
the belt ori en ta tion. Two schistosities are dis cern ible in
some out crops cross cut ting at an acute an gle (Fig ure 8a). It
is of ten dif fi cult to de ter mine the rel a tive or der of for ma -
tion of these schistosities, which may have re sulted from
pro gres sive de for ma tion rather than two sep a rate events.
Mi nor S- and Z-folds of the foliations, intrafolial quartz
pods or granodiorite bands (Fig ure 9c) show vari able
plunges from steep to shal low and trending to ei ther the
north west or the south east. Anom a lous north east- and
north-north east-strik ing schistosity and bed ding at ti tudes
are found just west of the Pasayten River. The west erly-dip -
ping struc tures within the Eastgate-Whip saw meta mor phic
belt match those reported by Greig (1992) farther to the
north.

Major Faults

The ma jor ity of Prince ton Group vol ca nic and sed i -
men tary units in the cen tral part of the map area ac cu mu -
lated within a half-graben bounded on its east ern side by the 
Bound ary fault (Fig ure 2). This subvertical nor mal fault
was first iden ti fied by Preto (1972), and con firmed by Read
(1987) in an area to the north. Pres ent map ping con tin ues
the trace of the fault to the south, where it curves into the
val ley of Placer Creek. A smaller Ter tiary graben is in di -
cated to the west of Placer Creek, bounded by the Bound ary 
and Baby Buggy faults. De spite con sid er able move ment
dur ing the Eocene, the Bound ary fault is part of a larger sys -
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tem ex tend ing to the north and sus pected by Preto (1979) to
have been es tab lished early in the geo log i cal his tory of the
re gion, con trol ling the fa cies dis tri bu tions and pluton
emplacement within the Nicola Arc.

Three north east- to east-north east-trending faults are
in ter preted within the west ern Nicola Group vol ca nic rocks 
(Fig ure 2). Mas sive, nonschistose, feldspathic volcani -
clastic rocks and pyroxene lapilli tuffs and brec cias oc cur
on the south side of Whip saw Creek val ley, in truded by
mas sive diorite and pyroxenite. In marked con trast, north-
north west erly-trending schis tose pyroxene-phyric vol ca -
nic rocks oc cur on the north side of the val ley. Sim i larly, the 
Frenchy Creek fault sep a rates nonfoliated rocks to the
north from schis tose vol ca nic rocks to the south. The age of
this fault ing is un known, but post dates schistosity gen er a -
tion in the volcanic rocks.

The Eastgate-Whip saw meta mor phic belt is sep a rated
from Nicola Group vol ca nic rocks by the north west-
trending Similkameen Falls fault. This is best seen along
High way 3 about 1 km south of Similkameen Falls (Fig -
ure 10). Here the fault places north east-trending inter -
bedded seri cite and chlorite schists against mas sive
pyroxene lapilli tuff of the Nicola Group. The fault trace ap -
pears to be lin ear, con tin u ing to the south east along the
Pasayten River and to the north west into the Hud son Bay
Mead ows area, and is there fore in ter preted to be steep. The
age of the fault is un known. It ter mi nates the east erly-
trending faults in the western belt of the Nicola Group. It
also ap pears to acutely cross cut the three lithological as -
sem blages of the Eastgate-Whip saw meta mor phic belt,
sug gest ing that it post dates the Mid dle–Late Ju ras sic de for -
ma tion. The fault trace is sealed by the Whip saw por phyry
and over lain by Prince ton Group strata. Mo tion must have
therefore concluded before the Eocene.

MINERALIZATION

Some 38 min eral oc cur rences are re ported for the map
area in the MINFILE da ta base (Ta ble 1; MINFILE, 2008).
Six teen of these oc cur rences lie in the north east cor ner of
the map area (Fig ure 11) and are re lated to the Cop per
Moun tain alkalic por phyry Cu-Au sys tem, which has been

de scribed in de tail by sev eral au thors, in clud ing Dolmage
(1934), Fahrni (1951), Mont gom ery (1967) and Preto
(1979). Within the map area, show ings dis play a va ri ety of
styles, in clud ing veins, stockworks, shear zones or dis sem i -
nated chal co py rite-bornite-py rite min er al iza tion hosted in
Cop per Moun tain diorite, Voigt diorite or Nicola Group
vol ca nic and sed i men tary rocks. Plat i num and pal la dium
min er als are found in faults and shears in Copper Mountain
pyroxenite and diorite.

Both the Red Star and S and M mas sive sul phide camps 
oc cur in rocks of the Eastgate-Whip saw meta mor phic belt.
At the Red Star, min er al iza tion is hosted by a wide zone of
strongly sheared, strongly schis tose quartz-seri cite-py rite
schist, seri cite schist and chlorite schist of the meta vol can -
ic-meta sedi mentary sub unit. In tense sericitization is char -
ac ter is tic over the en tire Red Star ho ri zon; sili ci fi ca tion and 
pyritization are also com mon. Sev eral styles of min er al iza -
tion have been iden ti fied, in clud ing pyritized si lici fied
schist; white sug ary quartz-car ry ing py rite, sphalerite,
chal co py rite and ga lena; and glassy quartz with patches or
blebs of py rite, chal co py rite and rarely bornite with
chalcocite. Pyrrhotite, tetrahedrite, Au and tellurides have
also been re ported. The best min er al iza tion is as so ci ated
with the Main zone, which ex tends north-south for 480 m
and gen er ally con sists of dis sem i nated sphalerite and chal -
co py rite in quartz veins and sweats within highly sheared,
sericitic schist. Sig nif i cant sphalerite, chal co py rite with ga -
lena, Ag and Au min er al iza tion was re ported from the un -
der ground work ings, which have since caved in. A lens of
mas sive, coarse-grained sphalerite, py rite and chal co py rite
oc curs within the Main zone. Mi nor bornite, ga lena, mo -
lyb de nite and pyrrhotite are also present. Gangue minerals
include quartz, barite, kaolinite and sericite.

In the S and M camp, min er al iza tion is hosted in a
north-trending fault zone that cuts schist of the meta vol can -
ic-meta sedi mentary sub unit and am phi bo lite. The
brecciated fault zone var ies from 5 m to greater than 10 m in 
width and ex tends for about 1.5 km. The brec cia con tains
2.5–25 cm frag ments in a ma trix of sheared clayey rock and
fault gouge that may be ce mented by an ker ite, do lo mite or
cal cite. Many of the brec cia frag ments con sist of mas sive to 
semimassive sulphides, com pris ing sphalerite, ga lena, py -
rite, chal co py rite and ar gen tite with car bon ate. Py rite,
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Fig ure 10. Similkameen Falls fault, sep a rat ing chlorite and seri cite schists of the Eastgate-Whip saw meta mor phic belt (EWsc) from mas -
sive pyroxene lapilli tuff of the Nicola Wolfe Creek For ma tion (TrNwc; sta tion 08NMA21-02; UTM Zone 10, 5447430N, 675927E, NAD83).



sphalerite, ga lena and chal co py rite also oc cur as dis sem i -
na tions and blebs in quartz-car bon ate veinlets rang ing from 
a few milli metres to 40 cm wide, and in quartz veins that are
generally up to 15 cm in width.

Por phyry Cu-Mo min er al iza tion is as so ci ated with the
Whip saw por phyry and its hostrocks of the Ea gle Plutonic
Com plex and the Eastgate-Whip saw meta mor phic belt. It
may also par tially over print the mas sive sul phide min er al -
iza tion in the ad ja cent S and M camp. Sul phide min er al iza -
tion is de vel oped over a wide spread area, as dis sem i na tions 
and frac ture fill ings, and in quartz and cal cite veins. Py rite
is most abun dant, rang ing from 2 to 10%, par tic u larly
within al tered por phyry. Trace amounts of chal co py rite,
mo lyb de nite, bornite, chalcocite and covel lite oc cur with
up to 10% mag ne tite, pri mar ily in the Eastgate-Whip saw
meta mor phic belt and Ea gle Plutonic Com plex hostrocks
flank ing the stock, and in feld spar por phyry dikes and sills.

The chal co py rite is closely as so ci ated with py rite and oc -
curs as dis sem i na tions in the por phyry and schist, as
frac ture fill ings and in quartz-car bon ate veins in schist.
Mo lyb de nite forms fine-grained coat ings along frac tures
and along mar gins of quartz and quartz-car bon ate veins in
the por phyry and sur round ing hostrocks. Bornite is closely
as so ci ated with py rite and oc curs as fine dis sem i na tions in
the por phyry. Thin blebs and rounded coat ings of chal -
cocite and covel lite are pres ent in por phyry dikes to the
south. Epidote and chlorite are the most com mon al ter ation
min er als. Argillic al ter ation is best de vel oped in the mar -
gins of the stock. The por phyry also ex hib its quartz-seri cite 
al ter ation, which ap pears to be as so ci ated with the argillic
al ter ation. Feld spars are re placed by kaolinite and mi nor
epidote and seri cite in the more al tered sec tions of the
stock. The main min er al iza tion oc curs along the stock’s
north ern con tact and near the south ern con tact, where a
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Table 1: Mineral occurrences in the map area (from MINFILE, 2008). Note that only the principal name is shown for each occurrence for
brevity. Deposit type codes: C01, surficial placer; D01, open-system zeolite; D03, volcanic redbed Cu; G04, Besshi massive sulphide;
G06, Noranda/Kuroko massive sulphide; I01, A-quartz vein; I05, Ag-Pb-Zn±Au polymetallic veins; I06, Cu±Au veins; K01, Cu skarn; K02, 
Pb-Zn skarn; L01, subvolcanic Cu-Ag-Au (As-Sb); L03, alkalic porphyry Cu-Au; L04, porphyry Cu±Mo±Au.



south east ward-trending apophysis ex tends from the main
body. Sphalerite, py rite, pyrrhotite and chal co py rite with
mi nor ga lena and mo lyb de nite in garnet-epidote-diopside
or quartz-epidote skarn on the Marian showing is pe riph -
eral to, and possibly related to, the Whipsaw porphyry Cu-
Mo mineralization.

Other min eral show ings in the map area in clude a va ri -
ety of quartz veins with ei ther gold or sulphides; ze o lite in
Eocene volcaniclastic sed i men tary rocks; and placer Au
and Pt.

Ta ble 2 re ports the re sults of anal y ses of var i ous min er -
al ized grab sam ples from the map area. These form three
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Fig ure 11: Lo ca tions of min eral oc cur rences in the map area. Im por tant camps are out lined and la belled. Geo log i cal con tacts and faults in
the grey map area are as in Fig ure 2.
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Table 2. Analyses for selected elements on mineralized grab samples collected in the map area in 2008. Samples crushed and milled in a Cr steel mill. Analyses by ACME Analytical
Laboratories Ltd. (Vancouver) using inductively coupled plasma–mass spectrometry after HCl-HNO3 digestion.



group ings (Fig ure 12). As says of grab sam ples north west
of the Whip saw prop erty show rea son ably anom a lous Cu,
Mo and Ag val ues, sug gest ing that the Whip saw por phyry
Cu system could be extended.

The cal car e ous ma trix of vol ca nic rocks within the
lower Nicola sed i men tary se quence is vari ably al tered to

skarn with some vis i ble sulphides. Anal y ses of grab sam -
ples, how ever, proved to be un re mark able.

Sev eral grab sam ples were col lected in the north west -
ern part of the map area, where sev eral ar eas of or ange-
brown iron car bon ate–sil ica al ter ation oc cur in Nicola vol -
ca nic rocks and pos si bly the Prince ton Group. The sam ples
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Fig ure 12. Lo ca tions of as say sam ples (see Ta ble 2 for anal y ses and iden ti fi ca tion of group ings). Geo log i cal con tacts and faults in the grey
map area are as in Fig ure 2.



are some what vari able but do show some el e vated As and
Ag val ues and mod er ate Au and Cu. The full ex tent and
con ti nu ity of this al ter ation is un known. No MINFILE oc -
cur rences are re ported in this area and there is lit tle
recorded work in assessment reports.
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