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INTRODUCTION

The Bound ary Pro ject was ini ti ated in 2005 with the
pur pose of better char ac ter iz ing the lithological and geo -
chem i cal vari a tions within and be tween the var i ous Pa leo -
zoic se quences in the south ern Okanagan re gion along the
United States bor der. These oc cur within the Quesnel
Terrane, which is dom i nated by such Pa leo zoic mafic vol -
ca nic and pelitic sed i men tary rocks, un con form ably over -
lain by Tri as sic and Ju ras sic vol ca nic and sed i men tary
rocks. In the Bound ary dis trict, these are ex posed be tween
down-faulted blocks of Ter tiary vol ca nic and sed i men tary
cover rocks pre served in structural keels between gneissic
domes (Fig 1).

The in di vid ual Pa leo zoic se quences of the Bound ary
dis trict have had a va ri ety of names de pend ing upon their
lo ca tion and ap pear to form three north-south belts. They
are called the Knob Hill Com plex and Att wood For ma tion
in the Green wood area; the An ar chist schist (or Group) in
the Osoyoos – Rock Creek and Beaverdell ar eas; and the
Kobau Group in the area be tween Ol i ver and Keremeos.
The terms Kobau and An ar chist have also been used in
Wash ing ton, though not al ways for di rectly correlatable
rock packages.

The Pa leo zoic rocks of the Green wood – Rock Creek
area are pre served in a se ries of north-dip ping thrust sheets
(Lit tle, 1983; Fyles, 1990). Many of the bound ing thrusts
are marked by ser pen tin ite lay ers or pods. Ter tiary
extensional fault ing has dis rupted and mod i fied the thrust
sheets and makes cor re la tion dif fi cult be tween the Green -
wood and Rock Creek ar eas. How ever, mafic vol ca nic
flows and chert in the John stone Creek area are con tig u ous
with sim i lar out crops of the Knob Hill Com plex on the east
side of the Ket tle River val ley (Fyles, 1990; Massey,
2007a). Massey (2007b) thus pro posed to ex tend the Knob
Hill Com plex des ig na tion to these rocks. The term An ar -
c h i s t  s c h i s t  w a s  r e  t a i n e d  f o r  t h e  s e  q u e n c e  o f
metasedimentary and metabasaltic rocks south of High way
3, be tween Osoyoos and Rock Creek. It was also pro posed
to ap ply the An ar chist schist des ig na tion to sim i lar rocks in

the Green wood area, which Fyles (1990) had included in
the Knob Hill Complex.

Fol low ing these re vi sions in no men cla ture of the Pa -
leo zoic rocks of the Green wood – Rock Creek area, the re -
gional map now ap pears to show an east-west pat tern, in
keep ing with pre-Ter tiary struc tural grain, rather than the
pre vi ous north-south pat tern. Con tin u ing this pat tern fur -
ther to the west led Massey (2007b, Fig 15) to sug gest that
the McKinney Creek area may be un der lain by rocks of the
Knob Hill Com plex. Scat tered ser pen tin ite oc cur rences
just south of the McKinney Creek pluton could pos si bly
mark the bound ing thrust, now in truded and hid den by the
pluton. Map ping in the McKinney Creek area was designed 
to test this hypothesis.

The re la tion ship of the Pa leo zoic rocks east of
Beaverdell to the se quences in the south is un cer tain due to
ex ten sive Me so zoic and Ter tiary in tru sive bod ies. Map ping 
in this area was fo cused on better doc u ment ing these rocks
and their pos si ble re la tion ships and correlations.

MCKINNEY CREEK AREA

Previous Work

The McKinney Creek area has a min ing his tory dat ing
from the dis cov ery of vein gold de pos its at Camp
McKinney in 1887. The first geo log i cal re port, by
Bauerman (1885), was done as part of the Bound ary Com -
mis sion Ex pe di tion of 1859–1861. Re gional map ping has
been un der taken by Cairnes (1940), Lit tle (1957, 1961),
and Tempelman-Kluit (1989a, b). De tailed in ves ti ga tions
of the lode gold min er al iza tion at Camp McKinney were
un der taken by Cockfield (1935), Cairnes (1937) and Hed -
ley (1940). Much of the south ern, lower ly ing parts of the
area are cov ered by ex ten sive glaciofluvial and moraine
deposits (Kowall, 1986c).

Pre-Jurassic Rocks

The sug gested ex ten sion of the Knob Hill Com plex
into the McKinney Creek area proved to be un founded. Al -
though out crop is lim ited in many ar eas due to ex ten sive
Qua ter nary cover, all ob served out crops of Pa leo zoic rocks
be long to the An ar chist schist (Fig 2). The age of the An ar -
chist schist is still poorly de ter mined, as no paleontological
or geo chron ol ogi cal data are avail able. Ru bid ium-stron -
tium geo chron ol ogy in the Osoyoos area only re cords Ter -
tiary meta mor phic ages (Ryan, 1973). In the McKinney
map area, the rocks of the An ar chist schist are in truded by
plutons and smaller bodies of Jurassic and Eocene age.
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Fig ure 1. Dis tri bu tion of Pa leo zoic Quesnellian rock suites in the bound ary dis trict (south-cen tral part of NTS 82E), amended from Massey et al. (2005). Boxes out line the ar eas stud ied in
2005 (Green wood), 2006 (Rock Creek) and 2007 (a, McKinney Creek; b, Beaverdell).
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Fig ure 2. Geo log i cal sketch map of the McKinney Creek area. Ex tent of col oured poly gons shows the limit of area mapped in
2007. Ab bre vi a tion: WE, War Ea gle (Dayton Prop erty). Leg end: PAv, meta vol can ic unit of An ar chist schist;
Pas, metasedimentary unit of An ar chist schist; Jd, diorite-gab bro in tru sions; Jum, pyroxenite and ser pen tin ite in tru sions;
Jgd, granodiorite in tru sions (Nel son suite); Ec, K-feld spar megacrystic gran ite (Coryell suite); EPk, Ket tle Val ley For ma tion;
EPm, Mar ron For ma tion; Epi, mi nor por phyry in tru sions con san guin e ous with Mar ron For ma tion.



ANARCHIST SCHIST

The An ar chist schist can be sub di vided into a
metasedimentary unit and a meta vol can ic unit, de lin eated
on the dom i nant rock types within them. The strati graphic
re la tion ship be tween the units is un cer tain. De for ma tion of
the schist in volves at least two phases of de for ma tion.
Schistosity gen er ally trends south east with me dium to
steep south west erly dips in the north ern part of the map
area, and steep north east erly dips in the south. The Camp
McKinney area is also marked by north east erly trending
schistosities with mod er ate south east erly dips. Sec ond ary
spaced cleav ages in quartz ite and crenulation cleav age in
quartz ite (Fig 3a) and meta-argillite also trend north to
north east. Small-scale folds of foliations gen er ally tend to
plunge south west with shal low dips. The gen eral map pat -
tern of the metasedimentary and meta vol can ic units seems
to de fine a ma jor north west erly trending fold (Fig 2). How -
ever, the lack of con clu sive way-up struc tures and strati -
graphic re la tion ship precludes determining if the fold is
antiformal or synformal.

Metasedimentary unit

The metasedimentary unit is dom i nated by quartz ite,
ar gil la ceous quartz ite, and meta-argillite with mi nor
metabasalt and lime stone. Quartz ite is metachert that is
vari ably recrystallized with a fine to me dium-grained sug -
ary tex ture (Fig 3b), and typ i cally has a white to pale grey or 
darker blu ish grey col our. Beds are usu ally 1 to 2 m thick
(Fig 3c) but can vary up to 10 m, and may show a knobby or
ir reg u lar weath ered sur face. They may be mas sive or show
dark and light lami na tions and band ing (Fig 3d). Rib bon
bed ding is rarely preserved.

Phyllitic to schis tose ar gil la ceous metasedimentary
rocks are darker, with fine-grained black chlorite or bi o tite
schist lay ers interlayered with lighter quartz-rich lay ers.
Epidote laminae and bands sug gest fine-grained tuffaceous 
interbeds. The schistosity is com monly crenulated and con -
torted (Fig 4a). Quartz vein ing may also be con torted, dis -
rupted and augened. Some thicker, less si li ceous meta-
argillite beds are car bo na ceous. Mi nor lime stone beds vary
from one to two centi metres (Fig 4b) up to 10 m thick
(Fig 4c). They are white to grey in col our, fine to me dium
grained and recrystallized.
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Fig ure 3. Quartz ite of the An ar chist schist: a) crenulation cleav age (s2) de vel oped in a fo li ated quartz ite (s1 par al lel to s0) (07NMA07-17;
UTM Zone 11, 5443051N, 338954E, NAD83); b) recrystallized quartz ite (07NMA11-12; UTM Zone 11, 5442153N, 339187E, NAD83);
c) quartz ite beds with meta-argillite (chlorite-quartz schist) interbeds (07NMA02-14; UTM Zone 11, 5444292N, 344895E, NAD83); d) lam i -
nated quartz ite (07NMA01-10; UTM Zone 11, 5450727N, 337896E, NAD83).



Meta vol can ic unit

The meta vol can ic unit com prises greenstone flows
with mi nor brec cia ,tuff and metasedimentary rocks.
Greenstone flows are mas sive and me dium to dark grey or
black in col our. They are fine grained and gen er ally
aphyric, though rare feld spar and pyroxene crys tals are
seen. Chlorite±epidote al ter ation is com mon, along with
vein ing of quartz±chlorite±cal cite. Chlorite and brown to
black ox ides are pres ent on frac tures. Tuffaceous interbeds
are al tered to green quartz–chlorite±seri cite schist with
epidote pods and laminae (Fig 4d).

Jurassic Intrusions

In tru sive rocks rim the McKinney Creek area on its
north, west and south sides (Fig 2). These com prise two
ma jor bod ies — the McKinney Creek and Mount Baldy
granodiorites — as well as an un named suite of ultra mafic
and mafic in tru sions. The granodiorites have been cor re -
lated with the mid-Ju ras sic Nel son In tru sions and the Jura-
Cre ta ceous Okanagan batholith, re spec tively (Lit tle, 1961;
Tempelman-Kluit, 1989a, b), though geo chron ol ogi cal

data are lack ing. The mafic rocks may be an older phase of
the Nel son In tru sions and are in truded by granodiorite and
in cluded as xenoliths in granodiorite.

Diorite-gab bro

A belt of diorite oc curs along the north east ern edge of
the map area, in trud ing the An ar chist schist (Fig 2). Me -
dium to coarse-grained diorite to gab bro is black to grey,
weath er ing dark green ish grey. It com prises vary ing quan -
ti ties of equigranular green ish black hornblende and white
feld spar and oc ca sional mi nor quartz (Fig 5a). Shear zones
are com mon, ac com pa nied by flat ten ing and stretch ing of
min er als (Fig 5b), white veinlets of feld spar and quartz, and 
chloritization. Peg ma titic diorite veins are also found
(Fig 5c). The belt is a com pos ite body with fine-grained
chilled con tacts be tween dif fer ent diorite phases (Fig 5d).
These fine grained chilled con tacts can be dif fi cult to dis -
tin guish from basaltic dikes in small outcrops.

Ultra mafic in tru sions

Sig nif i cantly, there are sev eral ultra mafic in tru sions
spa tially as so ci ated with the belt of diorite, and pre sum ably
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Fig ure 4. Less si li ceous rocks of the An ar chist schist: a) chlorite-quartz schist (meta-argillite), pen cil along axis of mi nor s-fold ing of fo li a tion 
(07NMA05-12; UTM Zone 11, 5446337N, 341735E, NAD83); b) cal car e ous band within chlorite-quartz schist (07NMA05-12; UTM Zone
11, 5446337N, 341735E, NAD83); c) lam i nated mar ble (07NMA06-06; UTM Zone 11, 5448311N, 341637E, NAD83); d) quartz-chlorite
schist with epidote pods (metatuff) (07NMA04-06; UTM Zone 11, 5447546N, 342904E, NAD83).



ge net i cally re lated. These are pyroxenite, feldspathic
pyroxenite and melanogabbro with grain sizes up to two to
three centi metres. They are black to green ish black or grey
and com monly weather or ange-brown with a knob bly, un -
even sur face (Fig 6a). They are par tially to com pletely al -
tered to ser pen tin ite and, in one case, to talc and soap stone.
Ser pen tin ite is vari ably fo li ated. Black seams of mag ne tite
(Fig 6b) and chro mite up to sev eral centi metres oc cur in
some bod ies and have re ceived some at ten tion in the past
for their Cr and Ni potential.

This belt of diorite and ultra mafic rocks is prob a bly
cor re la tive with diorite seen on the Dayton prop erty and
may form the west ern ex ten sion of the belt that hosts the
Old Nick de posit just east of Bridesville. It may also be con -
tem po ra ne ous with Ju ras sic ultra mafic in tru sions in the
Green wood area, e.g., on the Sappho prop erty (Nixon,
2002).

Granodiorites

The McKinney Creek granodiorite is com posed of two
dis tinct phases — an early bi o tite granodiorite and a later
por phy ritic granodiorite. The bi o tite granodiorite is coarse

grained, up to 4 mm, and white to grey (Fig 7a). It is
equigranular with typ i cal salt and pep per tex ture made up
of white feld spar, trans lu cent quartz and black bi o tite
plates. Bi o tite also forms clots up to 1 cm in size. Col our in -
dex av er ages 25. Small rounded am phi bo lite xe no liths are
com mon (Fig 7b). Chlorite is of ten de vel oped on fractures
and joints.

The por phy ritic granodiorite con tains large white feld -
spar pheno crysts up to 2 cm in size (Fig 7c). The pheno -
crysts are euhedral laths or square in shape and show good
twinning. The pheno crysts, which vary in amount from a
few to 25%, are set in a coarse grained groundmass of white 
tab u lar feld spar, ir reg u lar trans lu cent quartz and platy bi o -
tite. Bi o tite is less abun dant than in the bi o tite granodiorite.
Mafic xe no liths were ob served but are not com mon. The
por phy ritic granodiorite in trudes the bi o tite granodiorite
with good chilled con tacts (Fig 7d). Peg ma tite and aplite
veins cross cut both granodiorite phases.

A smaller stock of granodiorite also crops out north -
west of Fish Lake. It is me dium to coarse grained, mas sive,
pale grey to white, and gen er ally equigranular, with
euhedral white feld spar, rounded to ir reg u lar grey trans lu -
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Fig ure 5. Ju ras sic diorite: a) typ i cal coarse grained diorite (07NMA05-15; UTM Zone 11, 5447025N, 342198E, NAD83); b) shear ing in
diorite (07NMA01-03; UTM Zone 11, 545042N, 337675E, NAD83); c) hornblende-feld spar peg ma titic veins cross cut ting diorite
(07NMA05-15; UTM Zone 11, 5447025N, 342198E, NAD83); d) fine-grained chilled con tact be tween two diorite phases, white line is em -
pha siz ing part of the con tact (07NMA04-13; UTM Zone 11, 5446751N, 342696E, NAD83).



cent quartz, acicular green ish black hornblende and flakes
of bi o tite. The col our in dex var ies from 5 to 15. This
granodiorite con tains xe no liths of diorite and am phi bo lite.
A sim i lar body is found on the south ern part of the Dayton
prop erty, though it tends to be finer grained and has a higher 
mafic con tent (col our in di ces rang ing up to 25).
Hornblende may oc cur as phenocrysts up to 1 cm in size.

The Mount Baldy granodiorite is me dium to coarse
grained, rang ing from 2 to 5 mm, show ing an equigranular,
phaneritic tex ture. It is light grey to dark grey. It com prises
euhedral white feld spar, ir reg u lar grey quartz and black
tab u lar bi o tite. There is some chlorite al ter ation within the
rock. The granodiorite is cross cut by feld spar por phyry
dikes, as sumed to be Ter tiary in age. Iso tro pic, lath-shaped
hornblende may be de vel oped in the granodiorite around
some porphyry dikes.

Tertiary Intrusions

The north east ern mar gin of the map area is marked by a 
white to pink ish po tas sium feld spar megacrystic gran ite in -
tru sion typ i cal of the Coryell Suite. Euhedral, lath to

square-shaped pheno crysts of pink K-feld spar are com -
monly 3 to 4 cm in size, though they range up to 8 cm. They
are set in a coarse-grained groundmass of white and pink
subhedral feld spar and polycrystalline quartz eyes up to
1 cm in size. Bi o tite is com monly less than 5%.

Pyroxene-feld spar por phyry, feld spar por phyry, and
hornblende-feld spar por phyry dikes in trude all older rocks
through out the map area. These prob a bly were feed ers to
the vol ca nic rocks of the Eocene Mar ron Formation.

BEAVERDELL AREA

Previous Work

The first and still only de tailed re gional map of the
Beaverdell area is that of Reinecke (1915). He as signed the
old est strat i fied rocks to the Wallace group and cor re lated
them, in part, with other Pa leo zoic se quences to the south,
in clud ing the An ar chist schist and the Att wood ‘Se ries’.
Lit tle (1957, 1961) and Tempelman-Kluit (1989a, b) ex -
tended this work to the east and west, in clud ing the older
rocks in the “An ar chist Group”. De tailed work on the min -
eral de pos its of the area, in clud ing the sil ver-lead-zinc
veins of the Beaverdell camp and the gold veins of the
Carmi camp, has been re ported by White (1949), Kidd and
Perry (1957), Chris to pher (1975a, b; 1976), Peatfield
(1978), Wat son et al. (1982), Godwin et al. (1986) and
Church (1995). Mathews (1988) re ported on the Neo gene
vol ca nic rocks of the area while Kowall (1986a, b) mapped
the Quaternary deposits.

Pre-Jurassic Rocks

The pre-Ju ras sic rocks of the Beaverdell area (Fig 8)
dif fer sig nif i cantly from the type An ar chist schist to the
south. They are dom i nated by fine to me dium-grained
clast ic  sed i  men tary rocks which  are es  sen t ia l ly
unmetamorphosed, though they do show ex ten sive
hornfelsing from Ju ras sic plutons. Lime stone and
greenstone mem bers oc cur in the Crouse Creek area, and
are the low est ex posed units. Sig nif i cantly, no chert is de -
vel oped in the se quence. Ex cept for one small area, to the
west of Crouse Creek, no pen e tra tive deformation was
observed.

Con tin u ing cor re la tion of these rocks with the An ar -
chist schist seems to be ill ad vised. It is pro posed here to re -
vert to Reinecke’s orig i nal term — “Wallace” — for these
rocks, though at the for ma tion rather than group level. It
should, how ever, be noted that not all of the area orig i nally
mapped as Wallace by Reinecke (1915) is ac tu ally un der -
lain by pre-Ju ras sic rocks. There is a sig nif i cant amount of
youn ger in tru sive ma te rial. In par tic u lar, a lot of the so-
called pyroxene-phyric ‘volcanics’ in Reinecke’s Wallace
prove to be por phyry dikes of Ter tiary age and, in one area
east of Col lier Lake, flows of the Eocene Marron
Formation.

No geo chron ol ogi cal or paleontological data are pres -
ently avail able for the Wallace for ma tion rocks, though
lime stone sam ples have been col lected for po ten tial cono -
dont de ter mi na tions. Cor re la tion of the Wallace is thus dif -
fi cult. It is lithologically dis sim i lar to any of the Pa leo zoic
se quences to the south. It does, how ever, show some sim i -
lar i ties to parts of the Mid dle Tri as sic Brook lyn For ma tion
of the Green wood area or the Frank lin Camp, though lack -
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Fig ure 6. Ju ras sic ultra mafic rocks: a) typ i cal or ange-brown out -
crop of serpentinized pyroxenite (07NMA01-11; UTM Zone 11,
5450754N, 337817E, NAD83); b) mag ne tite seam in pyroxenite
(07NMA01-14; UTM Zone 11, 5450311N, 338058E, NAD83).



ing the dis tinc tive basal sharpstone conglomerate, perhaps
due to non-exposure.

WALLACE FORMATION

Larse Creek lime stone mem ber

A sig nif i cant lime stone unit oc curs in the Larse Creek
area, form ing the low est ex posed unit in the Wallace for ma -
tion. Con tact with the over ly ing greenstone mem ber is not
ex posed, but the lime stone is es ti mated to be at least 100 m
thick. It is grey on weath ered sur faces, vary ing from black
to grey to white on fresh sur faces. It is mas sive to well bed -
ded and lam i nated (Fig 9a, b). Thin si li ceous and mi nor
calcsilicate veins weather pos i tively. Macrofossils appear
to be absent.

Fine to me dium grained, grey to light blue mar ble oc -
curs in the Trap ping Creek area as xe no liths and pen dants in 
the Ju ras sic granodiorite. These may be de rived from the
Larse Creek lime stone mem ber. How ever, their iso lated po -
si tion and meta mor phism pre clude cer tainty in correlation.

Crouse Creek greenstone mem ber

A greenstone unit over lies the lime stone mem ber in the 
Crouse Creek area. This com prises mostly mas sive mafic
flows, though amygdules are oc ca sion ally seen. The flows
are me dium to dark green-grey, blu ish green or black. They
may show bright green epidosite patches up to 30 cm across 
(Fig 10a) and veins of quartz-chlorite±epidote±cal cite.
Many flows are fine grained and aphyric, but feld spar-
phyric and pyroxene-feld spar-phyric flows are also com -
mon. Pheno crysts are ap prox i mately 1 to 2 mm in size. Vol -
ca nic brec cia, lapilli tuff, pyroxene lapilli tuff and chloritic
metatuff (Fig 10b, c, d) are also found interbedded in the
flows, as is lam i nated lime stone. Some vol ca nic brec cias
also con tain lime stone and clastic sedimentary rock clasts.

Clastic sed i men tary rocks

Most of the ex posed Wallace for ma tion is typ i cally
interbedded and lam i nated siltstone-argillite (Fig 11a).
Siltstone beds are light col oured, buff to pale grey, while
argillite beds are dark grey. Weath ered sur faces may be bro -
ken with a coat ing of rusty ox ides. In di vid ual beds can
range up to 3 cm thick with lami na tions about 1 to 2 mm

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

Fig ure 7. McKinney Creek granodiorite: a) typ i cal bi o tite granodiorite (07NMA14-17; UTM Zone 11, 5437528N, 338967E, NAD83);
b) rounded feld spar-am phi bo lite xe no lith in bi o tite granodiorite 907NMA14-04; UTM Zone 11, 5437967N, 337557E, NAD83); c) por phy ritic
granodiorite phase, note sun glint ing on feld spar twin plane in up per right (07NMA14-17; UTM Zone 11, 5437528N, 338967E, NAD83);
d) chilled con tact of por phy ritic granodiorite against bi o tite granodiorite (07NMA14-17; UTM Zone 11, 5437528N, 338967E, NAD83).
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Fig ure 8. Geo log i cal sketch map of the area east of Beaverdell. Ex tent of col oured poly gons shows the limit of area mapped in
2007. Ab bre vi a tions: CB, China Butte; GP, Goat Peak; KSM, King Sol o mon Moun tain. Leg end: Pw, Wallace for ma tion;
Pwl, Larse Creek lime stone mem ber of the Wallace for ma tion; Pwv, Crouse Creek greenstone mem ber of the Wallace for ma tion;
Jgd, granodiorite in tru sions (Westkettle batholith, Nel son suite); Jd, diorite-quartz diorite in tru sions (?Westkettle batholith, Nel -
son suite); Ec, K-feld spar megacrystic gran ite (Coryell suite); EPk, Ket tle Val ley For ma tion; EPm, Mar ron For ma tion; Pk, Kallis
For ma tion.



thick. The sed i men tary units are of ten si li ceous or
porcelaneous and may be recrystallized due to hornfelsing
by Jurassic intrusions.

Coarser clastic beds are also found, though less com -
mon than the siltstone-argillite interbeds. Sand stone beds
are grey, me dium to coarse grained and gen er ally mas sive.
Hornfelsed sand stone is recrystallized to feld spar-quartz-
am phi bole as sem blages that can be dif fi cult to dis crim i nate
from microdiorite or microgranodiorite in the field. Con -
glom er ate and peb bly sand stone have ma trix-sup ported,
rounded to subangular clasts (Fig 11b). The clasts are dom i -
nantly of si li ceous siltstone and argillite, but also can in -
clude lime stone, usu ally larger. All clasts ap pear to be
intraformational and no ex otic rock types have been
observed.

Oc ca sional white, tan or grey lime stone interbeds vary
from sev eral centi metres up to five metres thick (Fig 11c).
The lime stone interbeds are mas sive and may be sparry or
recrystallized due to hornfelsing, or may be vari ably si lici -
fied and skarned (Fig 11d).

Post-Triassic intrusions

In tru sive rocks en ve lope the Wallace for ma tion in the
Beaverdell area (Fig 8). These com prise sev eral ma jor
granodiorite plutons and stocks in the west ern and cen tral
parts of the map area, des ig nated the Westkettle batholith
(Reinecke 1915) and prob a bly cor re la tive with the mid-Ju -
ras sic Nel son In tru sions (Lit tle, 1961; Tempelman-Kluit,
1989a, b). Tempelman-Kluit (1989a, b) has also as cribed
some of the granodiorite bod ies to the north of the area as
be ing part of the Jura-Cre ta ceous Okanagan batholith. No

geo chron ol ogi cal data are avail able for these rocks in the
area.

Megacrystic gran ite of the Coryell suite forms two in -
tru sions in the east and south of the map area, as well as the
small Beaverdell stock. Ter tiary-age por phyry dikes
abound through the area, in trud ing all older rocks. The
Beaverdell stock has yielded a bi o tite K-Ar date of
58.8 ±2.0 Ma (Godwin et al., 1986). Cross cut ting dikes
have been dated at 50.6 ±1.5 Ma and 61.9 ±2.2 Ma by
whole-rock K-Ar meth ods by Wat son et al. (1982). The lat -
ter also re port bi o tite K-Ar dates for the Eu gene Creek and
Tuzo Creek stocks, west of Beaverdell, of 54.5 ±1.9 Ma and 
49.5 ±2 Ma, re spec tively. A bi o tite K-Ar age of 49.4 ±0.7 
Ma has also been ob tained from the megacrystic gran ite of
the Margranite quarry, south of Beaverdell (Church, 1995).

JURASSIC

The Westkettle batholith is com posed of granodiorite,
quartz diorite and microgranodiorite with mi nor aplite and
peg ma tite. The granodiorite is white to light grey, me dium
to coarse grained equigranular with a typ i cal salt-and-pep -
per tex ture (Fig 12a). Weath ered sur faces are white to grey
but can be green ish or slightly pink. The rock com prises
white subhedral feld spar, trans lu cent ir reg u lar quartz,
green ish black tab u lar hornblende and black bi o tite flakes.
Pink feld spar is mi nor. Quartz con tents vary from about 5 to 
20%, or may be ab sent in dioritic phases. Col our in dex is
about 10 to 15, but may range up to 25 in diorite and quartz
diorite. Chlorite and epidote oc cur in veins; chlorite and
iron ox ides, on frac ture sur faces. Xe no liths of am phi bo lite
and microdiorite are occasionally seen.

Bod ies of diorite, quartz diorite, microdiorite and
microgranodiorite in trude the sed i men tary rocks of the
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Fig ure 9. Larse Creek lime stone mem ber of the Wallace For ma tion: a) bed ded lime stone (07NMA21-13; UTM Zone 11, 5482534N,
358653E, NAD83); b) close up of lami na tions in lime stone (07NMA22-04; UTM Zone 11, 5481427N, 357652E, NAD83).



Wallace for ma tion to the east of Crouse creek. These tend
to be me dium to coarse-grained, equigranular rocks com -
posed of white feld spar, green-black hornblende and vari -
able amounts of quartz. One dis tinc tive unit, termed the
“hornblende crowded feld spar diorite” by Grieg and Flasha 
(2005), un der lies much of the GK Prop erty. This is char ac -
ter ized by abun dant, subrounded to subhedral, lath-shaped, 
white feld spar crys tals in a finer grained black groundmass
of acicular hornblende and feld spar (Fig 12b). Tab u lar
hornblende pheno crysts may also be de vel oped. Quartz is
rare or ab sent. The diorite is vari ably min er al ized with up to 
5% dis sem i nated pyrrhotite, lesser py rite and rare ar seno -
py rite (Greig and Flasha, 2005). The re la tion ship of the
dioritic rocks to the Westkettle granodiorite is pres ently un -
known, though they are suspected to be correlative.

Fo li ated granodiorite oc curs in the China Creek area in
the north ern part of the map area. This granodiorite com -
prises vary ing amounts of rounded sug ary quartz, euhedral
white feld spar, bi o tite and iso tro pic, lath-shaped
hornblende. Mi nor py rite can also be seen in hand sam ple.
The grain size var ies from fine to me dium grained. Fo li a -
tion is marked by dark and light col our band ing due to vary -

ing min eral pro por tions and align ment of bi o tite plates.
Foliations show an av er age trend of 134°/73° but are not
con tin u ous through out the area. Tempelman-Kluit (1989a,
b) as signed the fo li ated granodiorite to the Jura-Cre ta ceous
Okanagan batholith. How ever, the fo li ated granodiorite is
never seen in con tact with the mas sive Westkettle
granodiorite and relative age relations are unknown.

EOCENE

Megacrystic K-feld spar gran ite and quartz monzonite
form three in tru sions in the area — the Crys tal Moun tain,
Col lier Lake and Beaverdell stocks. Typ i cal of Coryell in -
tru sions, they have euhedral, lath to square-shaped pheno -
crysts of pink K-feld spar that are com monly 3 to 4 cm in
size, though they range up to 8 cm (Fig 12c). They are set in
a coarse-grained groundmass of white and pink subhedral
feld spar and quartz. Quartz oc curs as polycrystalline quartz 
eyes up to 1 cm in size or as ir reg u lar patches in ter sti tial to
the groundmass feld spars. Bi o tite is usu ally mi nor, vary ing
from 5 to 10%. The Col lier Lake stock dif fers to the other
stocks in hav ing lower quartz con tents, less than 5%, and a
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Fig ure 10. The Crouse Creek greenstone mem ber of the Wallace For ma tion. a) epidosite patch in mas sive greenstone (07NMA31-01; UTM 
Zone 11, 5479991N, 358567E, NAD83); b) pyroxene crys tal lapilli tuff (07NMA32-04; UTM Zone 11, 5479062N, 358777E, NAD83); c)
pyroxene-feld spar crys tal tuff (07NMA33-02; UTM Zone 11, 5479283N, 357806E, NAD83); d) pyroxene crys tal lapilli tuff with rhy o lite clasts
(07NMA32-04; UTM Zone 11, 5479062N, 358777E, NAD83).



me dium-grained por phy ritic microquartz monzonite chill
phase (Fig 12d).

Pyroxene-feld spar por phyry, feld spar por phyry,
hornblende-feld spar por phyry and K-feld spar megacrystic
por phyry dikes oc cur through out the map area. These are
off shoots from the Coryell in tru sions or feed ers to the vol -
ca nic rocks of the Eocene Mar ron For ma tion. Or ange to
brown weath er ing dikes of black ol iv ine ba salt and aphyric
ba salt oc cur in the west ern part of the map area and are re -
lated to the Neo gene Kallis For ma tion pla teau basalts
(Mathews, 1988).

REGIONAL CORRELATION OF
PALEOZOIC SEQUENCES

The Pa leo zoic rocks of the Green wood area are pre -
served in a se ries of north ward-dip ping thrust sheets (Lit -
tle, 1983; Fyles, 1990) with many of the bound ing thrusts
be ing marked by ser pen tin ite lay ers or pods. De spite dis -
rup tion and mod i fi ca tion of the thrust sheets by Ter tiary
extensional fault ing, Massey (2007a) traced the Knob Hill
Com plex and An ar chist schist west ward from the Green -

wood area into the John stone Creek and Bridesville ar eas.
Map ping in 2007 has iden ti fied all the Pa leo zoic rocks of
the McKinney Creek area as be ing An ar chist schist and not
Knob Hill Com plex. Cor re la tion of the belt of Ju ras sic
diorite and ultra mafic rocks with sim i lar rocks un der ly ing
the Old Nick prop erty and east to Rock Creek sug gests
dextral mo tion of about 10 km on the Conkle Lake fault (in
ad di tion to east ward downdrop). Rocks of the Knob Hill
Com plex west of the Conkle Lake fault would thus have to
be dis placed north wards (Fig 13). How ever, this area is un -
der lain by Jura-Cre ta ceous in tru sions, apart from mi nor
out crop ar eas of greenstone and chert in the Ripperno
Creek area (Church, 1980), prob a bly the fur thest west rem -
nants of the Knob Hill Com plex. The An ar chist schist ex -
tends fur ther west wards be fore pass ing into the gra nitic
gneiss  of  the Okanagan ba tholi th  (Ryan,  1973;
Tempelman-Kluit, 1989a, b).

West of the Okanagan fault, the Kobau Group is
lithologically sim i lar to the An ar chist schist and also has a
com plex deformational his tory (Okulitch,1973; Mäder et
al., 1989). Its di rect cor re la tion with the An ar chist schist is
how ever un clear due to the in ter ven ing Okanagan Fault. To 
the south, in Wash ing ton State, the Kobau Group struc tur -
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Fig ure 11. Clastic sed i men tary rocks of the Wallace for ma tion. a) lam i nated argillite-siltstone over lain by fine-grained sand stone bed
(07NMA20-15; UTM Zone 11, 5479573N, 356006E, NAD83); b) peb bly sand stone (07NMA42-17; UTM Zone 11, 5476122N, 361189E,
NAD83); c) lime stone interbed in siltstone-argillite (07NMA21-06; UTM Zone 11, 5481228N, 356427E, NAD83); d) gar net skarn
(07NMA33-08; UTM Zone 11, 5478697N, 358233E, NAD83).



ally over lies the Palm ers Moun tain Greenstone. The
bound ing thrust is prob a bly marked by ser pen tin ite in the
Chopaka Moun tain area (Rinehart and Fox, 1972) but has
been poorly de fined else where in the Loomis map area.

The Palmer Moun tain Greenstone com prises mafic
flows and pyroclastic rocks with vari ably tex tured gab bro
(‘am phi bo lite’ of Rinehart and Fox, 1972) that can be cor -
re lated with the Knob Hill Com plex. These, in turn, struc -
tur ally over lie the An ar chist Group along the Chesaw
thrust (Cheney et al., 1994), though the ‘An ar chist Group’
of Rinehart and Fox (1972) in cludes much undeformed
sharpstone con glom er ate, lime stone and finer clastic sed i -
men tary rocks that are prob a bly Brook lyn Formation
equivalent.

If the sug gested cor re la tions and struc tural in ter pre ta -
tions are cor rect, the thrust model de vel oped in the Green -
wood area by Fyles (1990) is thus ap par ently trace able west 
to the Loomis and Ol i ver ar eas. Through out the Bound ary
dis trict, the ophiolitic Knob Hill Com plex is sandwiched
be tween more comp lexly de formed quartz ite-schist-
greenstone se quences — the An ar chist to the south and
Kobau to the north. In the Green wood area, the lat ter is rep -
re sented by the quartz ite and schist of the Eholt Creek val -

ley and Mount Roderick Dhu (Massey, 2006; see also
Fig 13). How ever, it is still un clear how the Kobau Group
and An ar chist schist cor re late with each other, or with the
Knob Hill Com plex. They may be the same pack age struc -
tur ally re peated or, per haps, rep re sent op po site sides of an
oce anic ba sin (the Knob Hill Com plex) that is now closed
and tele scoped. It is hoped that con tin u ing pet ro chem i cal
studies will help shed some light on this problem.
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Fig ure 12. In tru sions of the Beaverdell area. a) hornblende-bi o tite granodiorite of the Ju ras sic Westkettle batholith (07NMA28-20; UTM
Zone 11, 5484322N, 360440E, NAD83); b) hornblende crowded feld spar diorite (07NMA34-13; UTM Zone 11, 5474088N, 359662E,
NAD83); c) typ i cal K-feld spar megacrystic gran ite of the Eocene Coryell suite (07NMA45-09; UTM Zone 11, 5475024N, 355570E, NAD83);
d) pink quartz monzonite of the Eocene Coryell suite (07NMA28-17; UTM Zone 11, 5486026N, 360995E, NAD83).
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Fig ure 13. Main struc tural el e ments of the Bound ary dis trict, out lin ing the ma jor thrust sheets (num bered 1–6) con tain ing the Pa leo zoic and Me so zoic se quences (mod i fied from Fyles, 1990;
ge ol ogy mod i fied from Massey et al., 2005). Ab bre vi a tions: No 7 F, Num ber 7 fault; MWF, Mount Wright fault; NMWF, North Mount Wright fault; MAF, Mount Att wood fault; LCF, Lind Creek fault;
EMF, Ea gle Moun tain fault; TMF, Thim ble Moun tain fault; GRF, Granby River fault; CLF, Conkle Lake fault. Ju ras sic diorite and ultra mafic belt in the McKinney Creek area is shown di a gram -
mat i cally as a thick ma genta line. Ar rows in di cate rel a tive lat eral off sets along the Conkle Lake fault sys tem.
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