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Introduction

Many as pects of the na ture and metallogeny of the south ern
Quesnel terrane in south ern and south-cen tral Brit ish Co -
lum bia are not well un der stood. Most re search con ducted
within the Quesnel terrane over the past 40 years has fo -
cused on the Late Tri as sic Nicola Group and Early Ju ras sic
Rossland Group vol ca nic arcs and their as so ci ated in tru -
sions in the south ern Quesnel terrane. These youn ger por -
tions of the south ern Quesnel terrane host im por tant
Cu±Au por phyry de pos its such as Cop per Moun tain, Mt.
Polley and High land Val ley, as well as youn ger (Cre ta -
ceous) Au-Cu por phyry de pos its such as Pros per ity, and
shear-zone–hosted pre cious-metal de pos its and oc cur -
rences. Im por tant gold and base-metal de pos its have been
ex ploited in the Hed ley area and in the Bound ary Dis trict
near Green wood, where the pre–Late Tri as sic base ment of
the Nicola Group is more widely ex posed. The Hed ley gold
skarn de posit is hosted in vol ca nic and sed i men tary strata
of the Nicola Group that lie close to the con tact with the
older rocks in ves ti gated in this study, and is ge net i cally as -
so ci ated with Late Tri as sic in tru sions. Some of these de -
pos its, how ever, in clud ing cop per and gold skarn and por -
phyry (?) de pos its in the Bound ary Dis trict (Fig ure 1) are
hosted in part by older rock units that form the base ment to
the Late Tri as sic and Early Ju ras sic arc-re lated strata that
de fine the Quesnel terrane. Al though most known base-
and pre cious-metal oc cur rences within the older por tions
of the south ern Quesnel terrane are spa tially and prob a bly
ge net i cally re lated to early Me so zoic and youn ger in tru -
sions, the po ten tial for pre-Tri as sic min er al iza tion in the
area, and the pos si ble role of the older basement rocks in

controlling the distribution and character of younger
mineralization, are largely unknown.

Geoscience BC is cur rently un der tak ing a ma jor in ves ti ga -
tion of the ge ol ogy and min eral po ten tial of the south ern
Quesnel terrane as part of the QUEST-South Pro ject, which 
in cludes re gional soil and silt geo chem i cal sur veys of the
en tire south ern part of the Quesnel terrane, as well as air -
borne geo phys i cal sur veys of the west ern por tion of the
terrane. The ge ol ogy of most pre-Me so zoic base ment as -
sem blages of the south ern Quesnel terrane, how ever, is not
well un der stood at pres ent, and with out such in for ma tion it
is not pos si ble to fully in ter pret the geo chem i cal or
geophysical results of the QUEST-South Project.

Paleozoic Components of the Southern
Quesnel Terrane

Base ment as sem blages that are re ported to un con form ably
un der lie the early Me so zoic arc-re lated strata of the south -
ern Quesnel terrane (Read and Okulitch, 1977) have gen er -
ally been sub di vided into two main lithotectonic as sem -
blages, both con sid ered to be of mid dle to late Pa leo zoic
age (e.g., Mon ger, 1977; Peatfield, 1978; Wheeler and
McFeely, 1991). These are the Harper Ranch subterrane,
which in south ern BC com prises mainly clastic sediment -
ary rocks, volcaniclastic rocks and lime stone, which are in -
ter preted to have been de pos ited in the vi cin ity of a ju ve nile 
is land arc, and the Okanagan subterrane, which con sists of
mafic vol ca nic rocks, chert, argillite and mi nor ultra mafic
rocks, which are thought to have been de pos ited in, or near,
an ocean ba sin. With the ex cep tion of re cent stud ies in the
Bound ary Dis trict near Green wood by the BC Geo log i cal
Sur vey (BCGS; Massey, 2006; Massey and Duffy, 2008),
the Pa leo zoic as sem blages that form the base ment to the
early Me so zoic Quesnel terrane arcs have re ceived very
lim ited geo log i cal, geo chem i cal or geo chron ol ogi cal
study. Con tacts within and be tween the Harper Ranch and
Okanagan subterranes are com monly ob scured by youn ger
vol ca nic or sed i men tary units, youn ger in tru sions and/or
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later de for ma tion; there fore, the orig i nal tec tonic re la tion -
ship be tween the two subterranes re mains spec u la tive.
Some work ers (e.g., Thomp son et al., 2006) sug gest that
parts of the Quesnel terrane depositionally over lie rocks
that are in ter preted to be high-stand ing, wes tern most parts
of the early Pa leo zoic con ti nen tal mar gin of North Amer -
ica. How ever, the re la tion ship, if any, be tween any pos si ble
old con ti nen tal mar gin rocks and the Harper Ranch and
Okanagan subterranes is un known.

The type lo cal ity for the Harper Ranch subterrane is the
Harper Ranch Group in the Kamloops area (Fig ure 1).
There, the Harper Ranch Group con sists of a lower se -
quence of chert-peb ble con glom er ate and sand stone of
Late De vo nian (Famennian) age, grad ing stratigraphically
up wards into arc-re lated volcaniclastic and sed i men tary
strata of the Late Mis sis sip pian, which are over lain by a
Perm ian car bon ate platformal se quence of Perm ian age
(Beatty et al., 2006). It is these rocks that pos si bly over lie
out board parts of the old con ti nen tal margin (Thompson et
al., 2006).

The Okanagan subterrane is best pre served near Keremeos
(Fig ure 1). The rocks in this area were mapped be tween
1927 and 1930 by H.S. Bostock, who di vided them into the

‘Tri as sic or older’ Old Tom, In de pend ence, Shoe maker,
Bradshaw and Barslow for ma tions, and the ‘Perm ian’
Blind Creek for ma tion (Bostock, 1939, 1940). The first
four of these for ma tions were in cluded in what has been
called the Apex Moun tain Com plex by Milford (1984).
Rock types pres ent are chert; mas sive and pil lowed ba salt
and mi nor gab bro; argillite, sand stone and con glom er ate;
and lo cal lenses of car bon ate. The paleontological ages of
these rocks are mainly late Pa leo zoic, al though older fos sils 
have been found in one location (see later discussion).

Sev eral other pre-Tri as sic rock as sem blages in the south ern 
Quesnel terrane con tain a range of rock types sim i lar to
those ob served in the Keremeos area, and are also known or 
in ferred to be mid- to late Pa leo zoic in age. The Knob Hill
Com plex and Att wood For ma tion in the Bound ary Dis trict
(Massey, 2006, 2009; Massey and Duffy, 2008) are the only 
as sem blages that have been ex am ined in de tail prior to the
cur rent study. These com prise ba salt, gab bro and am phi bo -
lite, chert, argillite, mi nor sand stone and con glom er ate,
car bon ate, and ultra mafic rocks, and have yielded Late De -
vo nian and Car bon if er ous fos sils and Late De vo nian U-Pb
zir con ages. The An ar chist Group (or An ar chist schist of
Massey and Duffy, 2008), which lies be tween the Green -
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Fig ure 1. Map show ing the dis tri bu tion of Pa leo zoic base ment units and early and late Me so zoic in tru sions
in the Quesnel terrane in south ern and south-cen tral BC.



wood area and the south ern Okanagan Val ley to the west
(Fig ure 1), was de scribed by Daly (1912) as fol lows: “The
name is lit er ally not in ap pro pri ate, for these rocks can not as 
yet be re duced to strati graphic or der or a struc tural sys tem.
The dom i nant spe cies are quartz ite and phyllite, ap par ently
in about equal pro por tion. Greenstone is next in im por -
tance, while lime stone is rep re sented by a few lo cal pod-
like masses gen er ally from 200 to 100 feet or less in thick -
ness”. Car bon if er ous fos sils have been re cov ered from
probable Anarchist schist in the Greenwood area (N. Mas -
sey, pers. comm., 2010).

The range of protoliths for the more schis tose, meta mor -
phosed and also un dated Kobau Group (Bostock, 1939;
Okulitch, 1969, 1973), which lies west of the Okanagan
Val ley be tween the An ar chist Group and the rocks near
Keremeos (Fig ure 1), is sim i lar to those of the rocks near
Keremeos, Green wood and the An ar chist Group. Fi nally,
north and west of Vernon, the pre–Late Tri as sic but as yet
un dated Chapperon Group south east of Kamloops (Fig -
ure 1; Jones, 1959; Read and Okulitch, 1977) has a sim i lar
range of rock types.

Metallogeny of Quesnel Terrane Basement
Assemblages

The min eral po ten tial of the Pa leo zoic base ment rocks in
the south ern Quesnel terrane is un cer tain at this time. As
dis cussed above, most known min er al iza tion in the south -
ern Quesnel terrane is hosted by, or is closely as so ci ated
with, ig ne ous rock units of the Nicola Arc or youn ger as -
sem blages. A num ber of ultra mafic-hosted chrome and
nickel oc cur rences and pos si ble vol ca nic mas sive sul phide
oc cur rences have been de scribed in the Bound ary Dis trict
(Peatfield, 1978; Fyles, 1990; Han cock, 1990; Massey,
2006). Ex plo ra tion within these older units has been greatly 
ham pered by an in com plete un der stand ing of the nature
and distribution of the rock units.

Current Study

A study of the base ment to the early Me so zoic arc as sem -
blages of the Quesnel terrane in south ern BC was started by
the au thors in Oc to ber 2009. The goal of this work is to ob -
tain new in for ma tion con cern ing the na ture, age and
paleotectonic set ting of the var i ous Pa leo zoic base ment
com po nents in the south ern Quesnel terrane, so as to pro -
vide a ba sis for better un der stand ing the na ture and con trols 
on the su per im posed in tru sion-re lated min er al iza tion of the 
Me so zoic and Ter tiary ages. The study fo cused mainly on
rock units in the vi cin ity of Keremeos, but pos si bly cor re la -
tive rock units as far east as Grand Forks (Fig ure 1) were
also ex am ined and sam pled. Al though ex po sures of base -
ment rock units in this large area are rea son ably wide -
spread, strati graphic con tacts be tween the dif fer ent rock
units are gen er ally dif fi cult to find. Most of the main ex po -

sures of the base ment units in the study area had been pre vi -
ously mapped and this pro vided a geographic framework
for locating specific rock units for this study.

All avail able in for ma tion has been com piled on the na ture,
ages and min eral de pos its of the pre-Me so zoic rocks that
make up the base ment of the early Me so zoic strata in the
study area. Re con nais sance-scale sam pling of eas ily ac ces -
si ble rock units in the Keremeos and Osoyoos ar eas was
done in Oc to ber 2009. Sam ples ob tained were ex am ined
petro graphi cally and, for some, de tri tal zir con ages and
lithogeochemical sig na tures were de ter mined. Mortensen,
Lucas and Mon ger sub se quently spent a to tal of three
weeks in the field in July 2010, ex am in ing key lo cal i ties be -
tween Hed ley and Grand Forks, and car ry ing out de tailed
sam pling for de tri tal zir con dat ing and lithogeochemical
anal y sis. Cordey spent two weeks in the study area, re-ex -
am in ing and resampling pre vi ously vis ited chert lo cal i ties
for microfossil dat ing, and col lect ing ad di tional chert sam -
ples from else where in the area. N. Massey of the BCGS
spent three days in tro duc ing the au thors to Pa leo zoic rock
units in the Bound ary Dis trict and pro vid ing guidance in
sampling for dating and lithogeochemical studies of that
area.

In ad di tion to petrographic stud ies of the main Pa leo zoic
base ment as sem blages in the study area, four other main
tools are be ing used to help char ac ter ize each of the as sem -
blages and to pro vide a ba sis for re con struct ing the tectono -
stratigraphic re la tions within and be tween these rock units,
including
· U-Pb zir con dates of in tru sive phases as so ci ated with

the main Pa leo zoic vol ca nic rock pack ages. Ad di tional
age in for ma tion for the var i ous base ment as sem blages
is badly needed to con strain pos si ble re la tion ships
between these packages.

· micropaleontological ages for chert and car bon ate rocks 
(us ing radio lar ians and cono donts) within the dif fer ent
base ment as sem blages to pro vide ad di tional age con -
straints on the rock units present.

· lithogeochemical anal y sis of ig ne ous rock units within
each of the base ment as sem blages, which pro vides in -
for ma tion on the na ture and paleotectonic set ting in
which each as sem blage formed (e.g., vol ca nic arc or
backarc ver sus within-plate or rift set ting). This in for -
ma tion will help in re con struct ing the orig i nal tec tonic
set tings of and pos si ble re la tion ships between the
various assemblages.

· U-Pb dates of de tri tal zir con grains in clastic sed i men -
tary units within each of the Pa leo zoic as sem blages.
This is a new ap proach in this area. The ages of de tri tal
zir cons re flects the sources from which the host sed i -
ments were de rived. The age of the Pre cam brian base -
ment of the north west ern part of the North Amer i can
con ti nent, for mer Laurentia, is well known and is re -
flected by the ages of de tri tal zir con pop u la tions in sed i -
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ments de rived from it and de pos ited on the west ern mar -
gin of Laurentia. The lat ter are sub stan tially dif fer ent
from de tri tal zir con ages known from wes tern most ter -
ranes in the north ern Cor dil lera, such as the Al ex an der
terrane or the Wrangell terrane. De tri tal zir con ages
there fore pro vide a means of ex plor ing paleogeo -
graphic re la tion ships be tween the var i ous com po nents
of the Pa leo zoic base ment in the south ern Quesnel
terrane, be tween these units and rocks de pos ited on
north west ern Laurentia, and with other Cordilleran
terranes with known detrital zircon populations.

In a sep a rate part of the study, a num ber of the main Me so -
zoic in tru sive phases in the pro ject area were sam pled, es -
pe cially those that are spa tially and pos si bly ge net i cally as -
so ci ated with sig nif i cant min eral oc cur rences and de pos its
(e.g., in the Nickel Plate mine area and Bound ary Dis trict),
and U-Pb dat ing of zir con grains will be car ried out, along
with Pb iso to pic anal y sis of ig ne ous feld spar grains from
these bod ies. Lead iso to pic com po si tions of sul phide min -
er als from a wide se lec tion of min eral oc cur rences in the
study area will also be de ter mined. These data will al low
for the eval u a tion of the tem po ral and ge netic re la tion ships
be tween in tru sions and sul phide min eral oc cur rences, and
the as sess ment of the role, if any, that the un der ly ing base -
ment rocks play in con trol ling the na ture and dis tri bu tion of 
youn ger min er al iza tion. It will also be de ter mined whether
re gional vari a tions in ages and/or styles of min er al iza tion
in the south ern Quesnel terrane can be correlated with the
age and nature of the underlying basement, based on Pb
isotopic signatures.

Studies of the Southern Quesnel Terrane
Paleozoic Rocks

The field stud ies fo cused on the Keremeos and Mt. Kobau
ar eas (Fig ure 1), where ex po sure is rel a tively good. For
com par i son, por tions of the Bound ary Dis trict were ex am -
ined, where de tailed map ping had been car ried out in re cent 
years by the BCGS (Fyles, 1990; Massey, 2006; Massey
and Duffy, 2008).

Keremeos Area

Pa leo zoic base ment units are well ex posed in the steep
walls of the Similkameen River val ley from Hed ley to east
of Keremeos, in the Keremeos Creek area north of
Keremeos, and in the high coun try in the vi cin ity of the
Apex Moun tain Re sort. As noted above, Bostock (1939,
1940) di vided the highly de formed but gen er ally only
slightly meta mor phosed Tri as sic or older rocks in this area
into the Old Tom, Shoe maker, In de pend ence, Bradshaw,
Barslow and Blind Creek for ma tions. As rec og nized by
Bostock, the first three of these units con tain metabasalt
(greenstone), chert, argillite and mi nor lenses of lime stone,
and the mapped units dif fer mainly in terms of the rel a tive
pro por tion of each rock type pres ent. Few, if any, de fined

bound aries are known be tween for ma tions al though many
depositional con tacts be tween dif fer ent rock types within
for ma tions were ob served. As shown on ex ist ing geo log i -
cal maps, the Barslow For ma tion com prises mainly
argillite, the Bradshaw For ma tion con sists mainly of
argillite, siltstone, quartz ite, tuff, brec cia and mafic to in ter -
me di ate com po si tion vol ca nic rocks, and the Blind Creek
For ma tion is lime stone. The only de fin i tive age given by Bos -
tock was a Perm ian age from the Blind Creek For ma tion.

Milford (1984) car ried out map ping and struc tural stud ies
north west of Keremeos and de fined the Apex Moun tain
Com plex, which con tains Bostock’s Old Tom, Shoe maker,
In de pend ence and Bradshaw for ma tions. The Apex Moun -
tain Com plex was in ter preted by Milford (1984), mainly on 
struc tural grounds, to rep re sent a pre–Late Tri as sic accret -
ionary com plex. A ma jor con tri bu tion by Milford was the
dis cov ery of sev eral fos sil lo cal i ties, in clud ing crinoidal
lime stone in Olalla Creek, iden ti fied by W.R. Danner (The
Uni ver sity of Brit ish Co lum bia; UBC) as prob a bly Car bon -
if er ous (Milford, 1984), Penn syl va nian and/or Perm ian
radio lar ians in the same area, iden ti fied by D.L. Jones (The
United States Geo log i cal Sur vey; USGS; Milford, 1984),
and an enig matic lime stone unit in Shoe maker Creek, east
of Hed ley, within which are lime stone blocks con tain ing
Si lu rian to Early Car bon if er ous mi cro- and macrofossils
(iden ti fied by A.E.H. Ped der and B.L. Mamet; in Read and
Okulitch, 1977) and Tri as sic cono donts (M.L. Or chard, in
Milford, 1984).

Ray and Dawson (1994) car ried out de tailed geo log i cal
map ping of the Hed ley area, al though their study fo cused
mainly on the Late Tri as sic strata that host the Nickel Plate
de posit, as so ci ated min eral de pos its and ac com pa ny ing in -
tru sions. They also mapped across the still-enig matic
bound ary be tween the Late Tri as sic rocks and the wes tern -
most parts of the Apex Moun tain Com plex, from which
they re ported a few pos si ble early Pa leo zoic and some
definite Late Devonian fossils.

Later stud ies have con trib uted more in for ma tion on the age
of these rocks. Pohler et al. (1989) found Or do vi cian cono -
donts in a lime stone block in a dis rupted shale, sand stone
and chert ma trix near Ce dar Creek, on the west side of the
val ley of Keremeos Creek. This was a no ta ble dis cov ery
be cause these are the old est known fos sils from any terrane
in the in te rior of BC. A re-study of the Blind Creek lime -
stone showed it to be of Early Mis sis sip pian age rather than
Perm ian (M.L. Or chard, pers. comm., 2010). Tempelman-
Kluit (1989), in the course of re gional map ping, made a col -
lec tion of Mis sis sip pian macrofossils from ta lus in
Bostock’s Barslow For ma tion. Radio lar ians pres ent in sev -
eral lo cal i ties in bed ded chert, mainly in Bostock’s Shoe -
maker For ma tion, were gen er ally too recrystallized to ex -
tract and iden tify; how ever,  lat  est De vo nian and
Penn syl va nian–Perm ian ages have been ob tained from
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chert blocks in ta lus slopes on the north side of the Simil -
kameen val ley northwest of Keremeos (F. Cordey,
unpublished data, 2010).

The 2010 field work in the Keremeos area was guided by
the dis tri bu tion of the broad lithological group ings that
Bostock (1939, 1940) called ‘for ma tions’. Be low, rock de -
scrip tions are framed in terms of his for ma tions but it is rec -
og nized that most are not clearly dis tinct and may grade one 
into the other. For this rea son, the in for mal term ‘as sem -
blage’ has been used.

The Old Tom as sem blage con sists pre dom i nantly of mas -
sive to lo cally pil lowed ba salt or greenstone, with lo cal
interlayers of cream, green, grey and lo cally red chert and
cherty argillite, rare thin sand stone and siltstone beds, and
mi nor gab bro. The greenstone con tains min eral as sem -
blages con sis tent with lower greenschist fa cies meta mor -
phism; how ever, recrystallization fab rics are only lo cally
de vel oped in the greenstone and the min eral as sem blages
may be mainly due to hy dro ther mal al ter ation on the
seafloor. Pale to dark pink jas per, com monly with man ga -
nese ox ide stain ing on frac ture sur faces, is lo cally abun dant 
(es pe cially on the ridges south of Apex Mountain).

The main rock types in the Shoe maker as sem blage is mas -
sive to bed ded chert and cherty argillite, which are iden ti cal 
in ap pear ance and char ac ter as those interlayered in the Old
Tom as sem blage. Bands of mas sive greenstone, lo cal sand -
stone beds and lenses of car bon ate are also pres ent within
the Shoe maker as sem blage. Al most all of the fos sil ages
ob tained by Milford (1984), Pohler et al. (1989) and F.
Cordey (un pub lished data, 2010) have been ob tained from
the Shoe maker as sem blage. One struc tural char ac ter is tic of 
parts of the Shoe maker as sem blage is the highly dis rupted
fab ric of interbedded argillite, sand stone and chert, in
which com pe tent lay ers such as sand stone beds are bro ken
into sep a rate lens-like (phacoidal) bod ies. This is readily
seen north west of Keremeos above the gar bage dis posal
site and in Ce dar Creek north of Olalla, where it is the ma -
trix of the block of Or do vi cian lime stone. This kind of fab -
ric is com mon in most accretionary complexes, but is only
seen locally in these rocks.

The In de pend ence as sem blage con tains el e ments of both
the Old Tom and Shoe maker as sem blages, along with many 
small recrystallized lime stone lenses, and on Bea cons field
Moun tain at the Apex Moun tain Re sort, a lo cally thick
mass of chert brec cia with lo cal argillite rip-up clasts.

The Bradshaw as sem blage is dis tinc tive in that it dom i -
nantly com prises clastic rocks, in clud ing argillite, siltstone, 
mi nor quartz ite and con glom er ate, brec cia and mafic to in -
ter me di ate vol ca nic rocks. South west of Apex Moun tain,
the Bradshaw as sem blage lies along strike from the In de -
pend ence as sem blage but is sep a rated from it by a later
granitic intrusion.

The Barslow as sem blage is ex posed only in the vi cin ity of
Cawston, ap prox i mately 6 km east of Keremeos (Fig ure 1).
As mapped by Bostock, the Barslow as sem blage forms the
core of a north east-trending antiform, and it is flanked
struc tur ally or stratigraphically un der lies mas sive green -
stone rocks of the Old Tom as sem blage. The Barslow as -
sem blage con sists mainly of sed i men tary rocks, in clud ing
dis tinc tive chert peb ble and gran ule con glom er ate, as well
as sand stone, siltstone, radiolarian-bear ing cherty argillite
and mi nor crinoidal lime stone. At least two greenstone
bands are interlayered within the Barslow as sem blage;
these com prise mas sive metabasalt and ba saltic tuff and
tuff-brec cia .  Macrofossils  (brachi o  pods,  c lams,
ammonoids and wood frag ments) are lo cally abun dant
within ta lus orig i nat ing from some of the sand stone and
siltstone units, and are of Early Mis sis sip pian (Tournaisian) 
age (E.W. Bamber, pers. comm., 2010).

The Blind Creek For ma tion, which is ex posed to the east of
the Barslow as sem blage ap prox i mately 8 km east of Kere -
meos (Fig ure 1), con sists en tirely of car bon ate. Orig i nally
thought to be Perm ian by Bostock (1939) and Barnes and
Ross (1975), it is now known to be Early Mis sis sip pian
(M.L. Or chard, pers. comm., 2010). Bostock showed the
for ma tion to be faulted against Barslow and Old Tom as -
sem blages and the Kobau Group, but Barnes and Ross
(1975) sug gest that it is may be en tirely a large slide-block.

Mt. Kobau Area

The ‘Kobau Group’, named by Bostock (1939; Fig ure 1),
was mapped in de tail by Okulitch (1969, 1973). It con sists
of greenstone, am phi bo lite and metaclastic rocks, abun dant 
fine-grained quartz ite thought to be mainly metachert and
sev eral small mar ble bod ies (Okulitch, 1969, 1973; Lewis
et al., 1989). The range of rock types is sim i lar to that of the
rocks near Keremeos, but the meta mor phic grade is some -
what higher (up per greenschist fa cies) and the rocks are
strongly de formed and schis tose. Rock units in the Mt.
Kobau area are strongly hornfelsed around Me so zoic in tru -
sions in clud ing the Osoyoos and Ol i ver gran ite. Tempel -
man-Kluit (1989) shows the Kobau to be sep a rated from
the rocks near Keremeos by an in ferred north-trending,
east-side-up normal fault.

Lithogeochemistry

Ma jor, trace and rare earth el e ment com po si tions of ig ne -
ous rocks can be used to con strain the prob a ble paleotec -
tonic set ting(s) in which the units were erupted, based on
anal ogy with the geo chem is try of vol ca nic rocks from
mod ern plate tec tonic set tings (e.g., Piercey et al., 2006).
Mafic vol ca nic units and less abun dant hypa bys sal and
plutonic equiv a lents are abun dant in most of the Pa leo zoic
base ment as sem blages in the south ern Quesnel terrane;
how ever, lithogeochemistry has only been used to in ves ti -
gate the or i gin of these as sem blages in the Bound ary Dis -
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trict. Massey’s lithogeochemical stud ies of mafic vol ca nic
rocks in the Knob Hill Com plex in the Bound ary Dis trict
shows that they are mainly is land-arc tholeiitic rocks, with
mi nor amounts of N- and E-MORB (Massey, 2009). In con -
trast, vol ca nic rocks in the An ar chist schist have within-
plate geochemical signatures (N. Massey, pers. comm.,
2010).

Geo chem i cal com po si tions were de ter mined for three sam -
ples of mas sive greenstone from the Old Tom as sem blage
be tween Keremeos and Hed ley and three sam ples of
greenstone from within the Kobau as sem blage on Mt.
Kobau, all col lected in 2009. Mi nor and trace el e ments con -
sid ered to be rel a tively im mo bile dur ing hy dro ther mal al -
ter ation and re gional meta mor phism have been plot ted on
tec tonic discriminant plots in Fig ure 2. The re sults show a
very clear dis tinc tion be tween is land arc tholeiite com po si -
tions for the Old Tom sam ples and an al ka line/within-plate
com po si tion for the Kobau sam ples. Al though based on a
very lim ited dataset at this point, cur rent in di ca tions from
lithogeochemistry are that the Knob Hill and Old Tom as -
sem blages may be cor re la tive, and similarly the Anarchist
and Kobau rocks may be correlative.

In 2010, a to tal of 40 sam ples of mafic vol ca nic rocks and
re lated dikes and sills from through out the Old Tom as sem -
blage and from the less abun dant greenstone units within
Shoe maker, In de pend ence, Barslow and Kobau rocks were
sys tem at i cally sam pled for lithogeochemical anal y sis. In
ad di tion, sam ples were col lected from a dated Late De vo -
nian gab bro and sheeted diabase dikes from the Bound ary
Dis trict. To gether with pre vi ously ob tained re sults, this
will pro vide an ex cel lent re gional lithogeochemical da ta -
base to test pos si ble re la tion ships within and be tween the

var i ous base ment as sem blages, and con strain the paleotec -
tonic set ting(s) in which they formed.

Detrital Zircon Dating

Two sam ples of sand stone were col lected for de tri tal zir con 
dat ing by J. Wright (Uni ver sity of Geor gia) and Mon ger in
2007. One of these was from Late De vo nian strata in the
type sec tion of the Harper Ranch as sem blage east of
Kamloops, and yielded sin gle-grain ages rang ing from 340
to 400 Ma (n = 25) with a prom i nent peak in the 360–
380 Ma range (J. Wright, pers. comm., 2008). A sec ond
sam ple was sand stone from the Barslow For ma tion near
Cawston (Fig ure 1). This sam ple yielded a very dif fer ent
de tri tal zir con age dis tri bu tion, with the ma jor ity of grains
giv ing ages be tween 1700 and 2900 Ma (dom i nantly 1800–
2100 Ma) with a sin gle grain at ca. 520 Ma (J. Wright, pers.
comm., 2008).

De tri tal zir cons from three sam ples col lected dur ing re con -
nais sance sam pling in 2009 have been sep a rated and dated.
Re sults are shown in Fig ure 3 and are dis cussed briefly
below.

Sam ple 09KL-01 is from a boudinaged, pale grey
greywacke band within dark grey argillite and chert argil -
lite along the north bank of the Ashnola River, ap prox i -
mately 13.5 km west of Keremeos (Fig ure 1). A to tal of 30
zir con grains were dated and yielded ages rang ing from 350 
to 404 Ma, with a strong unimodal peak at ap prox i mately
363 Ma (Fig ure 3a).

Sam ple 09KL-02 is siltstone to fine sand stone within
sheared and hornfelsed, me dium to dark grey argillite in a
roadcut on the Apex Moun tain Re sort Road, ap prox i mately 
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Fig ure 2. Trace-el e ment discriminant plots show ing the dis tinc tion be tween greenstone sam ples of the Old Tom as sem blage (pink di a -
monds) and the Kobau as sem blage (blue squares), south ern Brit ish Co lum bia: a) Ti/100 ver sus V discriminant plot; field bound aries from
Shervais (1982); b) Ti/100–Zr–Y×3 discriminant plot; field bound aries from Pearce and Cann (1973). Ab bre vi a tions: MORB, mid-ocean
ridge ba salt; OFB; ocean floor ba salt.



3.5 km east of the re sort. A to tal of 65 sin gle zir con grains
were an a lyzed from the sam ple. Most gave ages in the
range of 1720–2766 Ma, with the ma jor ity fall ing be tween
1700 and 2100 Ma (Fig ure 3b). A sin gle grain gave a much
older age of 3126 Ma. This de tri tal zir con age dis tri bu tion
is very sim i lar to sam ples from north west ern Laurentia and
sug gests that the argillite unit, what ever its age is, has an
affiliation with North America.

The third de tri tal zir con sam ple (09KL-11) is from a chert
peb ble con glom er ate lens from the Att wood as sem blage on 
High way 3, ap prox i mately 2 km south of Green wood. Ages 
for a to tal of 32 sin gle zir con grains give a scat ter of ages
from 975 to 2961 Ma and a clus ter of ages be tween 327 and
429 Ma with a prom i nent peak at 362 Ma (Fig ure 3c). These 
age data in di cate that the depositional age of the Att wood
For ma tion can be no older than Mis sis sip pian and that the
Att wood For ma tion may share prov e nance with the clastic
unit sam pled on the Ashnola River near Keremeos (sam -
ple 09KL-01 above), and pos si bly with Late De vo nian
rocks of the Harper Ranch assemblage near Kamloops.

A to tal of 41 ad di tional sam ples were col lected dur ing 2010 
field work for de tri tal zir con dat ing, in clud ing sam ples from 
all of the Pa leo zoic lithological as sem blages in the area.
These sam ples are now be ing ex am ined petro graphi cally
and de tri tal zir cons will be sep a rated from a sub set of the
sam ples. It is an tic i pated that the re sults will pro vide valu -
able in for ma tion re gard ing the terrane af fin ity of the var i -
ous as sem blages and possible correlations between them.

Biochronology and Isotopic Dating

The fos sil age da ta base for the Pa leo zoic base ment as sem -
blages in the south ern Quesnel terrane is still very lim ited,
and is cur rently in ad e quate to per mit con fi dent cor re la tions
within or be tween the var i ous as sem blages. Base ment units 
in the Keremeos area con tain fos sils rang ing in age from
Late De vo nian to Perm ian; how ever, lime stone units that
may rep re sent blocks in Late Tri as sic olistostromes
(Milford, 1984; Pohler et al., 1989) have yielded mi cro-
and macrofossil ages as old as Or do vi cian. The Blind Creek 
lime stone is known to be Mis sis sip pian in age, as is at least
part of the Barslow as sem blage. In the Bound ary Dis trict,
sed i men tary units in the Knob Hill Com plex have given
Late De vo nian to Penn syl va nian fos sil ages. The Att wood
for ma tion in the Bound ary Dis trict has yielded Mis sis sip -
pian fos sil ages. Thus, al though the var i ous as sem blages
are broadly age equiv a lent based on ex ist ing fos sil age con -
straints, the data are still far too scarce to be able to de fine a
stra tig ra phy within any one of the as sem blages, and some
of the as sem blages (e.g., Kobau) have no age con straints at
all. Ap prox i mately 15 chert sam ples from the Old Tom,
Shoe maker and Barslow as sem blages in the Keremeos area 
are cur rently be ing pro cessed for radiolarian dat ing by
Cordey, and sev eral sam ples of lime stone that were col -
lected for cono dont dat ing are also be ing pro cessed. It is
hoped that new ages re sult ing from this work will permit
better-constrained stratigraphic and structural in ter pre t a -
tions for the area.

With the ex cep tion of three Late De vo nian U-Pb zir con
ages from gab bro of the Knob Hill Com plex in the Bound -
ary Dis trict by Massey (2009; pers. comm., 2010), there are
no iso to pic ages cur rently avail able for any of the Pa leo zoic 
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Fig ure 3. De tri tal zir con age plots from clastic metasedimentary
sam ples from the Keremeos and Green wood ar eas, south ern Brit -
ish Co lum bia: a) sam ple 09K-01, b) sam ple 09KL-02 and c) sam -
ple 09KL-11.



as sem blages in the study area. Most of the rock types rep re -
sented are mafic, and min er als dat able us ing U-Pb meth ods
are typ i cally rare in such rocks. One granophyric seg re ga -
tion was sam pled in a thick gab bro sill within the Old Tom
as sem blage on the south side of the Similkameen River east 
of Keremeos that might yield zir cons or baddeleyite that
can be dated by U-Pb meth ods; if suc cess ful, this will pro -
vide the only di rect age constraint for this assemblage.

Ongoing Research and Timeline

Lithogeochemical and de tri tal zir con dat ing stud ies of the
base ment of the south ern Quesnel terrane are now un der -
way; these are be ing done by Lucas as part of her M.Sc. the -
sis at UBC. The pro cess ing of all of the microfossil sam ples
col lected in 2010 is now un der way, with fi nal re sults ex -
pected early in 2011. Ura nium-lead dat ing and Pb iso to pic
stud ies of Me so zoic in tru sions and re lated sul phide min er -
al iza tion will be gin shortly and is ex pected to be complete
by early 2011.
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