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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 (Massey, 2006, 2007a, b; Massey and
Duffy, 2008a–c). These se quences oc cur within Quesnel
terrane, which is dom i nated by Pa leo zoic mafic vol ca nic
and pelitic rocks that are un con form ably over lain by Tri as -
sic and Ju ras sic vol ca nic and sed i men tary rocks, and in -
truded by var i ous suites of Tri as sic, Ju ras sic and Eocene
gra nitic rocks. This pa per doc u ments the re sults of iso to pic
dat ing and lithogeochemical stud ies on sev eral of the gra -
nitic in tru sions in the pro ject area.

ANALYTICAL METHODOLOGY

U-Pb Zircon Dating

Ura nium-lead dat ing of zir cons was car ried out at the
Pa cific Cen tre for Iso to pic and Geo chem i cal Re search
(PCIGR) at The Uni ver sity of Brit ish Co lum bia, us ing the
la ser-ab la tion in duc tively cou pled plasma–mass spec trom -
e try (LA-ICP-MS) method. In stru men ta tion em ployed at
the PCIGR com prises a New Wave UP-213 la ser-ab la tion
sys tem and a ThermoFinnigan Element2 sin gle-col lec tor,
dou ble-fo cus ing, mag netic-sec tor ICP-MS. Data ac qui si -
tion and re duc tion pro to cols at the PCIGR have been de -
scribed by Tafti et al. (2009), and are sum ma rized be low.
Zir cons were hand-picked from the heavy min eral con cen -
trate and mounted in an ep oxy puck along with sev eral
grains of the Plešovice zir con stan dard (Sláma et al., 2007),
to gether with an in-house, 197 Ma stan dard zir con, and
brought to a very high pol ish. High-qual ity por tions of each 
grain free of al ter ation, in clu sions or pos si ble in her ited
cores were se lected for anal y sis. The sur face of the mount
was washed for 10 min utes with di lute ni tric acid and rinsed 
in ultraclean wa ter prior to anal y sis. Line scans rather than
spot anal y ses were em ployed in or der to min i mize el e men -
tal frac tion ation dur ing the anal y ses. Back grounds were

mea sured with the la ser shut ter closed for 10 sec onds,
fol lowed by data col lec tion with the la ser fir ing for ap prox -
i mately 29 sec onds. The time-in te grated sig nals were an a -
lyzed us ing GLITTER soft ware (Van Achterbergh et al.,
2001; Grif fin et al., 2008), which au to mat i cally subtracts
back ground mea sure ments, prop a gates all an a lyt i cal er rors
and cal cu lates iso to pic ra tios and ages. Cor rec tions for
mass and el e men tal frac tion ation were made by brack et ing
anal y ses of un known grains with rep li cate anal y ses of the
Plešovice zir con stan dard. A typ i cal an a lyt i cal ses sion at
the PCIGR con sists of four anal y ses of the stan dard zir con,
fol lowed by four anal y ses of un known zir cons, two stan -
dard anal y ses, four un known anal y ses, etc., and fi nally four 
stan dard anal y ses. The 197 Ma in-house zir con stan dard
was an a lyzed as an un known in or der to mon i tor the
reproducibility of the age de ter mi na tions on a run-to-run
ba sis. Fi nal in ter pre ta tion and plot ting of the an a lyt i cal re -
sults em ploy the Isoplot soft ware (ver sion 3.09; Lud wig,
2003). In ter preted ages are based on a weighted av er age of
the in di vid ual cal cu lated 206Pb/238U ages.

Al though zir cons typ i cally con tain neg li gi ble amounts 
of ini tial com mon Pb, it is im por tant to mon i tor the amount
of 204Pb pres ent in or der to eval u ate the amount of ini tial
com mon Pb, and/or blank Pb, that is pres ent in the zir cons
be ing an a lyzed. The ar gon that is used in an ICP-MS
plasma com monly con tains at least a small amount of Hg,
and ap prox i mately 7% of nat u ral Hg has a mass of 204.
Mea sured count rates on mass 204 in clude 204Hg as well as
any 204Pb that might be pres ent, and di rect mea sure ment of
204Pb in a la ser-ab la tion anal y sis is there fore not pos si ble.
In stead, mass 202 is mon i tored; this cor re sponds ex clu -
sively to 202Hg. The ex pected count rate for 204Hg pres ent in
the anal y sis can then be cal cu lated from the known iso to pic
com po si tion of nat u ral Hg, and any re main ing counts at
mass 204 can be at trib uted to 204Pb. Us ing this method, it is
pos si ble to con clude that there was no mea sur able 204Pb
pres ent in any of the anal y ses in this study.

40Ar/39Ar Dating

Bi o tite and hornblende for 40Ar/39Ar dat ing were hand-
picked from fine crushed sam ples. Min eral sep a rates for
dat ing were wrapped in alu mi num foil and stacked in an ir -
ra di a tion cap sule with sam ples of sim i lar age and neu tron
flux mon i tors (Fish Can yon Tuff sanidine [FCs], 28.02 Ma;
Renne et al., 1998). The sam ples were ir ra di ated at the
McMaster Nu clear Re ac tor in Ham il ton, On tario for
90 MWh, with a flux of ap prox i mately 6 x 1013 neu -
trons/cm2/s. Anal y ses (n = 45) of 15 neu tron-flux mon i tor
po si tions pro duced er rors of <0.5% in the J value. The sam -
ples were an a lyzed at the No ble Gas Lab o ra tory of the
PCIGR. The min eral sep a rates were step-heated at
incrementally higher pow ers in the defocused beam of a
10W CO2 la ser (New Wave Re search MIR10) un til fused.
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The gas evolved from each step was an a lyzed by a VG5400
mass spec trom e ter equipped with an ion-count ing elec tron
mul ti plier. All mea sure ments were cor rected for to tal sys -
tem blank, mass spec trom e ter sen si tiv ity, mass dis crim i na -
tion, ra dio ac tive de cay dur ing and sub se quent to ir ra di a -
tion, and in ter fer ing Ar from at mo spheric con tam i na tion
and the ir ra di a tion of Ca, Cl and K (iso tope pro duc tion ra -
tios: (40Ar/39Ar)K = 0.0302 ±0.00006; (37Ar/39Ar)Ca =
1416.4 ±0.5; (36Ar/39Ar)Ca = 0.3952 ±0.0004; Ca/K =
1.83 ±0.01(37ArCa/

39ArK). Pla teau and cor re la tion ages
were cal cu lated us ing Isoplot (Lud wig, 2003). Er rors are
quoted at the 2s (95% con fi dence) level and are prop a gated 
from all sources ex cept mass spec trom e ter sen si tiv ity and
age of the flux monitor.

Re sults of the dat ing stud ies are briefly sum ma rized in
Ta ble 1. Com plete an a lyt i cal data are pre sented in Massey
et al. (2010). Lo ca tions of sam ples are shown in Fig ure 1.

JURASSIC AND EOCENE INTRUSIONS

Greenwood Area

GREENWOOD STOCK

Sev eral granodiorite stocks and smaller bod ies in the
Green wood area have been as cribed to the Ju ras sic Nel son
suite (Lit tle, 1983; Fyles, 1990). The Green wood stock

(sam ple 1 on Fig ure 1 and in Ta ble 1) is one of these bod ies,
cen tred on the city of Green wood. Like the other in tru sions, 
it con sists of me dium- to coarse-grained, grey bi o tite-
hornblende granodiorite to quartz diorite. It in trudes chert
and ba salt of the Knob Hill Com plex and lies in the footwall 
of the west ern ex ten sion of the Snow shoe fault, a listric
nor mal fault of Ter tiary age (Fyles, 1990).

Re sults of la ser-ab la tion de ter mi na tions (Fig ure 2a)
yield a lat est Early Ju ras sic age of 179.9 ±3.8 Ma. This is
slightly older than the re ported age of 172.5 ±5.0 Ma for the
old est phases of the Nel son batholith (Ghosh, 1995) and
sug gests ear lier plutonic ac tiv ity in the Bound ary dis trict. It 
is, how ever, slightly youn ger than the vol ca nic rocks of the
Sinemurian Elise For ma tion of the Rossland Group (Höy
and Dunne, 1997).

GIDON CREEK PORPHYRY

The Gidon Creek por phyry (sam ple 5 in Fig ure 1 and
Ta ble 1) is well ex posed in roadcuts in the Nor we gian
Creek and Gidon Creek ar eas. The por phyry in trudes Tri as -
sic Brook lyn For ma tion meta vol can ics in the footwall of
the Num ber 7 fault, al though its re la tion ship to the fault was 
not di rectly ob served.

The sam ple is a leucocratic quartz-feld spar por phyry.
Pink perthitic K-feld spar megacrysts are subhedral to
subrounded and about 1 cm in size, rang ing up to 2 cm.

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

Fig ure 1. Re gional ge ol ogy of the Bound ary Pro ject area (amended from Massey et al., 2005), south ern Brit ish Co lum bia, show ing the lo -
ca tion of sam ples col lected for geo chron ol ogy and geo chem is try. Geo chron ol ogi cal sam ples are num bered as in Ta ble 1. The Pa leo zoic
se quences in clude the Wallace For ma tion of the Beaverdell area, which may be Tri as sic. Only the sam pled in tru sions are shown on the
map; oth ers have been omit ted.
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Table 1. Summary of U-Pb zircon and 40Ar/39Ar ages obtained for intrusive samples collected during the Boundary Project, southern British Columbia. All UTM location data are in Zone 11,
NAD83. Errors associated with individual ages are listed at the 2s level (95% confidence interval); see Massey et al. (2010) for complete analytical data.



Plagioclase pheno crysts were also ob served, al though
smaller than the K-feld spar. Quartz eyes are rounded and
com monly 3–5 mm in size but rang ing up to 10 mm. Ground -
mass is a white to pale pink, finer grained mo saic of quartz,
K-feld spar and plagioclase crys tals. Mafic min er als are
sparse, with col our in dex of ten <5%, and are mostly bi o tite
re placed by chlorite.

The mar gins of the por phyry are sheared, fo li a tion
vary ing from trachytic to mylonitic in ap pear ance. Where
pre served, pheno crysts are bro ken and strung out along the
fo li a tion. Quartz shows strained ex tinc tion in thin sec tions.
Feld spars are com pletely al tered to seri cite, epidote and
chlorite.

The Gidon Creek por phyry has been cor re lated with
the nearby Lexington por phyry (Fyles, 1990), sub se -
quently dated at 199 Ma by Church (1992) and Dostal et al.
(2001). How ever, the Gidon Creek quartz-feld spar por -
phyry is lithologically and chem i cally dis tinct from the
Lexington por phyry and prob a bly not di rectly cor re lat able
(Massey, 2007c). Zir cons from the Gidon Creek por phyry
con firm this, yield ing a Mid dle Ju ras sic age of 171.6
±2.3 Ma (Fig ure 3a). Xenocrystic zir cons of sev eral ages,

in clud ing 225 Ma, 373–363 Ma, 1689 Ma and 1978 Ma, are 
also pres ent in the sam ple (Fig ure 3a; the old est two anal y -
ses are not shown in the fig ure).

The por phyry may cor re late with the Sil ver King in tru -
sions of the Rossland area, which have sim i lar ages (Höy
and Dunne, 1997). These synkinematic in tru sions show in -
tensely sheared mar gins sim i lar to those of the Gidon Creek 
por phyry but lack the K-feld spar megacrysts (Dunne and
Höy, 1992).

Rock Creek–McKinney Creek Area

MCKINNEY CREEK GRANODIORITE

The McKinney Creek granodiorite (sam ple 4 in Fig -
ure 1 and Ta ble 1) forms a lin ear body just north of Brides -
ville. It has been cor re lated with the Nel son in tru sions (Lit -
tle, 1961; Tempelman-Kluit, 1989) and in trudes rocks of
the Pa leo zoic An ar chist schist to the north and south. How -
ever, re la tion ships with more gneissic rocks to the west are
un cer tain. The stock com prises two dis tinct phases: an
ear ly  b i  o  t i te  granodiori te  and la ter  por  phy r i t ic
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Figure 2. LA-ICP-MS zir con age de ter mi na tions for ’Nel son suite’ gra nitic bod ies in the Bound ary Pro ject area, south ern Brit ish Co lum bia:
a) Green wood stock, b) West Ket tle batholith, c) Myers Creek stock, and d) McKinney Creek stock (two re jected sam ples >180 Ma have
been omit ted). See Ta ble 1 for lo ca tion data. Er ror bars for in di vid ual anal y ses and for the fi nal weighted av er age ages on these and sub se -
quent plots are shown at the 2s level. Anal y ses that were in cluded in the weighted av er age age are shown as red bars and those that were
re jected are shown as blue bars.



granodiorite. Only the bi o tite granodiorite was sam pled for
geochronometry. It is coarse grained (up to 4 mm) and
white to grey. 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 that can be
up to 1 cm. Col our in dex av er ages 25. Small rounded am -
phi bo lite xe no liths are com mon and chlorite coats frac tures 
and joints.

Zir cons from the McKinney Creek bi o tite granodiorite 
yield a Paleocene age of 57.1 ±0.5 Ma (Fig ure 2d), with
some older xenocrystic zir cons rang ing up to about
2500 Ma (two sam ples not plot ted in Fig ure 2d). This is in
con trast to an age of 160.5 ±2.0 Ma re ported by Par kin son
(1985), pos si bly within the same stock, to the north west of
An ar chist Moun tain. How ever, it com pares fa vour ably
with U-Pb ages of 62–54 Ma ob tained from the La dy bird
gran ite and is slightly older than the 52–50 Ma ages re -
ported for the syenitic Coryell suite (Parrish et al., 1988;
Ghosh, 1995). Parrish (1992b) also re ported an age of 48
±5 Ma, based on the lower in ter cept of dis cor dant U-Pb zir -
con de ter mi na tions, for bi o tite gran ite from the Okanagan
batholith in the up per Ket tle River area.

MOUNT BALDY GRANODIORITE

The Mount Baldy granodiorite (sam ple 6 in Fig ure 1
and Ta ble 1) is me dium to coarse grained, rang ing from 2 to
5 mm, and shows an equigranular phaneritic tex ture. It is
light to dark grey and com prises euhedral white feld spar, ir -
reg u lar grey quartz and black tab u lar bi o tite. Chlorite al ter -
ation is ap par ent 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 por phyry dikes. The stock
is part of the Okanagan batholith (Tempelman-Kluit,
1989), a larger body of poorly con strained Jura-Cre ta ceous
age that in cludes K-feld spar megacrystic gran ite cor re lated 
with the Eocene Coryell suite (Massey and Duffy, 2008c).

Zir cons from the Mount Baldy stock yield a Mid dle Ju -
ras sic age of 168.5 ±1.4 Ma (Fig ure 4), com pa ra ble to sim i -
lar Mid dle Ju ras sic ages from the Nel son batholith and
Bonnington pluton (Ghosh, 1995). It con firms the pres ence 
of Mid dle Ju ras sic mag matic prod ucts in the Okanagan
batholith, al though more map ping and geo chron ol ogi cal
stud ies are needed to ad e quately dis crim i nate all its phases.

DIORITE-GABBRO

A belt of diorite oc curs along the north east ern edge of
the McKinney Creek map area (Massey and Duffy, 2008c),
in trud ing rocks of the Pa leo zoic An ar chist schist. The unit
com prises me dium- to coarse-grained, black to grey diorite
to gab bro that weath ers dark green ish grey. The rock com -
prises vary ing quan ti ties of equigranular green ish black
hornblende and white feld spar, and oc ca sional quartz.
Shear zones are com mon, ac com pa nied by flat ten ing and
stretch ing of min er als, white veinlets of feld spar and
quartz, and chloritization. Peg ma titic diorite veins are also
found. The unit is a com pos ite in tru sion with fine-grained
chills be tween dif fer ent diorite phases. These fine-grained
chills are dif fi cult to dis tin guish from ba saltic dikes in
small out crops. Sev eral ultra mafic in tru sions are spa tially
as so ci ated with the belt of diorite, and pre sumed to be ge -
net i cally re lated.

The mafic rocks are in truded by, and in cluded as xe no -
liths in, Ju ras sic (?) granodiorite and may be an older phase
of the Nel son suite. Diorite and ser pen tin ite are also in -
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Fig ure 3. LA-ICP-MS zir con age de ter mi na tions for fel sic bod ies of 
pre vi ously un known age in the Bound ary Pro ject area, south ern
Brit ish Co lum bia: a) Gidon Creek por phyry (two re jected sam ples
>100 Ma have been omit ted), b) Ed James Creek orthogneiss. See
Ta ble 1 for sam ple lo ca tions.

Fig ure 4. LA-ICP-MS zir con age de ter mi na tions for the Mount
Baldy stock, Bound ary Pro ject area, south ern Brit ish Co lum bia.
See Ta ble 1 for sam ple lo ca tions.



truded by the Mount Baldy granodiorite. Al ter na tively, the
diorite and ultra mafic rocks may be con tem po ra ne ous with
older Ju ras sic ultra mafic in tru sions in the Green wood area
(e.g., on the Sappho prop erty; Nixon, 2002).

Two sam ples of hornblende-rich diorite were col lected 
for 40Ar/39Ar age de ter mi na tion (sam ples 8 and 9 in Fig -
ure 1 and Ta ble 1). Un for tu nately, the sep a rated horn -
blendes showed ex cess ar gon and failed to yield a pla teau
age. How ever, one sam ple of bi o tite yielded a pla teau age
of 51.0 ±0.3 Ma (Fig ure 5), rep re sent ing a cool ing age af ter
the re gional heat ing ef fects of Eocene magmatism and
extensional tec ton ics. The crys tal li za tion age for the diorite 
re mains un de ter mined.

MYERS CREEK QUARTZ DIORITE

The Myers Creek stock (sam ple 2 in Fig ure 1 and Ta -
ble 1) is a grey to orangey white quartz diorite to diorite. It is 
me dium to coarse grained and equigranular, with a typ i cal
salt-and-pep per tex ture. It com prises white feld spar,
colour less quartz, black flakey bi o tite and mi nor black
hornblende. Mafic min er als lo cally form up to 30% of the
rock. Like the McKinney Creek stock, the Myers Creek
stock was cor re lated with the Nel son suite by Lit tle (1961)
and Tempelman-Kluit (1989). It is found in ei ther faulted or 
in tru sive con tact with quartz ite and metasedimentary rocks
of the An ar chist schist (Massey, 2007a).

Zir cons from the Myers Creek stock yielded an ear li est 
Late Ju ras sic age of 157.0 ±1.2 Ma (Fig ure 2c). This is sig -
nif i cantly youn ger than the other Ju ras sic in tru sions sam -
pled in the area, and the Mid dle Ju ras sic Nel son suite with
which it was pre vi ously cor re lated. Mag matic ac tiv ity in
the Late Ju ras sic is poorly doc u mented in south ern BC.
How ever, sim i lar late Mid dle to early Late Ju ras sic ages
have been re ported from a bi o tite gran ite phase of the Nel -
son batholith (158.9 ±0.6 Ma; Sevigny and Parrish, 1993),
a leucocratic gneiss rem nant from the Kinnaid gneiss
(156.6 ±6.0 Ma; Ghosh, 1995) and metaporphyry in the
Nicola horst (158.3 ±0.6 Ma; Moore et al., 2000; 157.5
±0.5 Ma; Erdmer et al., 2002), sug gest ing that this
magmatism is more com mon in south ern BC than pre vi -
ously be lieved.

ED JAMES CREEK ORTHOGNEISS

Orthogneiss forms an inlier in the Ed James Creek area
(sam ple 7 in Fig ure 1 and Ta ble 1), ly ing struc tur ally be -
neath the Knob Hill Com plex, al though the bound ing fault
is not ex posed. Schistosity within the gneiss is flat to mod -
er ately dip ping to the east, match ing that in the rocks of the
over ly ing Knob Hill Com plex and sug gest ing an east erly-
dip ping extensional fault. A subvertical nor mal fault
bounds the gneiss to the east, putt ing it in con tact with Ter -
tiary vol ca nic and sed i men tary rocks. The gneiss is ten ta -
tively cor re lated with gneiss of the Pro tero zoic Grand
Forks Gneiss Com plex, which shares a sim i lar struc tural
re la tion ship with the Knob Hill Com plex in the Grand
Forks area (Höy and Jackaman, 2005) and with the Vaseaux 
gneiss of the Okanagan Val ley (Tempelman-Kluit, 1989).

Sev eral va ri et ies of orthogneiss are ob served in the
study area. A grey bi o tite-feld spar-quartz gneiss is most
com mon. It is coarse grained and well fo li ated, with
schistosity de fined by the align ment of bi o tite porphyro -
blasts. White feld spar porphyroblasts, rang ing up to 5 mm
in lon gest di men sion, form small augens. Bi o tite forms
large clots, up to 2 cm in di am e ter, within the fo li a tion
plane, giv ing a spot ted ap pear ance to the rock when bro ken

ap pro pri ately. Vari a tion in min eral pro por tions re sults in
col our band ing and a vari a tion from diorite to granodiorite
in com po si tion.

The gneiss is in truded by a me dium- to coarse-grained
unfoliated leucogranite. The rock is com posed pre dom i -
nantly of white feld spar and quartz with mi nor bi o tite; col -
our in dex is less than 5 and the rock oc ca sion ally shows a
pink ish hue on fresh sur faces.

Zir cons from the bi o tite-feld spar-quartz gneiss yielded 
an Early Ju ras sic age of 187.7 ±1.1 Ma (Fig ure 3b). This
com pares to the 197–181 Ma age re ported for the Fife
diorite of the Chris tina Lake area (Acton et al., 2002), but is
older than the Mid dle Ju ras sic ages re ported here, and pre -
vi ously (Ghosh, 1995), for the Nel son batholith. Other
Early Ju ras sic diorite and por phyry bod ies oc cur in the
Rossland area and have been cor re lated with vol ca nic rocks 
of the Early Ju ras sic Rossland Group (Fyles, 1984; Brown
and Lo gan, 1989).

No zir cons were re cov ered from the unfoliated leuco -
granite. Sim i lar post-tec tonic gra nitic in tru sions in the
Castlegar gneiss yielded early Ter tiary ages (Parrish et al.,
1988; Parrish, 1992a).

Beaverdell Area

WEST KETTLE BATHOLITH

The West Ket tle 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 and me -
dium to coarse grained equigranular with a typ i cal salt-and-
pep per tex ture. 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 var ies from about 5 to 20% or may 
be ab sent in dioritic phases. Col our in dex is about 10–15
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 oc ca sion ally seen.
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Fig ure 5. 40Ar/39Ar age spec trum for bi o tite from diorite in the
McKinney Creek vi cin ity of the Bound ary Pro ject area, south ern
Brit ish Co lum bia. See Ta ble 1 for sam ple lo ca tions. Box heights for
steps in this plot are shown at the 2s level. Steps that were uti lized
for that pla teau age cal cu la tion are filled; re jected steps are open.



Zir cons from a sam ple of granodiorite from the West
Ket tle batholith (sam ple 3 in Fig ure 1 and Ta ble 1) yielded a 
Late Tri as sic age of 213.5 ±0.9 Ma (Fig ure 2b). It com pares
to the sim i lar Late Tri as sic age as signed to the Josh Creek
diorite in the Chris tina Lake area by Acton et al. (2002).

Fur ther, the West Ket tle batholith has a sim i lar calc -
alkaline, vol ca nic-arc char ac ter and nor mal ized rare earth
el e ment (REE) pat terns that are iden ti cal to vol ca nic rocks
of the Wallace For ma tion, which it in trudes (Massey,
2010). This sug gests that the West Ket tle batholith may be,
at least in part, co eval with the Wallace For ma tion.

HORNBLENDE CROWDED FELDSPAR
DIORITE

Bod ies of diorite, quartz diorite, microdiorite and
microgranodiorite in trude sed i men tary rocks of the
Wallace For ma tion east of Beaverdell (sam ples 10 and 11
in Fig ure 1 and Ta ble 1). These are me dium- to coarse-
grained equigranular rocks com pris ing white feld spar,
green-black hornblende and vari able amounts of quartz.
One dis tinc tive li thol ogy, termed the ‘hornblende crowded
feld spar diorite’ by Greig and Flasha (2005), un der lies
much of the GK prop erty. This rock is char ac ter ized by
abun dant subrounded to subhedral lath-shaped, white feld -
spar crys tals set in a finer grained black groundmass of
acicular hornblende and feld spar.
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 West Ket tle granodiorite is
pres ently un known.

One sam ple yielded a good
hornblende 40Ar/39Ar pla teau age
of 177.3 ±1.0 Ma (Fig ure 6). This
is sig nif i cantly youn ger than the
Late Tri as sic age ob tained for the
West Ket tle batholith, and com -
pares with that of the Nel son suite
Green wood stock.

GEOCHEMISTRY OF
THE GRANITOID
INTRUSIONS

Whole-rock geo chem i cal
anal y ses were car ried out on all
the dated sam ples, as well as other 
sam ples from the Ju ras sic and
Eocene in tru sions (Fig ure 1). Re -
sults are sum ma rized in Ta ble 2.
Al though only a small num ber of
sam ples was an a lyzed, the re sults
ap pear to sug gest some dif fer -
ences be tween the var i ous suites.

All sam ples are subalkaline,
in ter me di ate to fel sic (Fig ure 7),
and  calcalka line  or  h igh-K
calcalkaline (Fig ures 8, 9) in
char ac ter, with the ex cep tion of

Geo log i cal Field work 2009, Pa per 2010-1 133

Fig ure 6. 40Ar/39Ar spec trum for hornblende from the ‘hornblende
crowded feld spar diorite’ (Greig and Flasha, 2005), Crouse Creek
vi cin ity, Bound ary Pro ject area, south ern Brit ish Co lum bia. See Ta -
ble 1 for sam ple lo ca tions. Box heights for steps in this plot are
shown at the 2s level.

Fig ure 7. To tal al kali ver sus SiO2 plot for gra nitic in tru sions in the Bound ary Pro ject area, south -
ern Brit ish Co lum bia. Clas si fi ca tion fields and no men cla ture from Wil son (1989) af ter Cox et al.
(1979). The al ka line-subalkaline di vid ing line is from Irvine and Baragar (1971). Sym bols: open
green di a monds, McKinney diorite; solid green di a monds, Beaverdell diorite; open red tri an gles, 
Tri as sic West Ket tle batholith; solid red tri an gle, Mid dle Ju ras sic Green wood stock; red X, Mid -
dle Ju ras sic Mount Baldy stock; solid pur ple squares, Mid dle Ju ras sic Gidon Creek por phyry;
red crossed square, Mid dle Ju ras sic Ed James orthogneiss; solid red cir cle, Late Ju ras sic Myers 
Creek stock; solid blue squares, Eocene McKinney Creek stock; blue crosses, Eocene
Beaverdell in tru sion; blue crossed square, Eocene Ed James leucogranite.
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Table 2. Whole-rock geochemical analyses for granitic intrusions in the Boundary Project area, southern British Columbia. Major elements
and Rb, Sr, Ba, Y, Zr, Nb, V, Ni and Cr were determined by x-ray fluorescence (major elements on fused disc, trace elements on pressed-
powder pellet) by Teck (Global Discovery) Labs. Rare earth elements, Th, Ta and Hf were determined by peroxide-fusion inductively coupled
plasma–mass spectrometry at Memorial University of Newfoundland. Dashes indicate element determination below detection limit; blank
values indicate elements not analyzed.
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Table 2. (continued)



one McKinney Creek diorite sam ple (07NMA05-15),
which is more mafic and tholeiitic, and the Eocene Col lier
Lake stock, which is alkalic. Ma jor and trace el e ments,
how ever, do show dis tinc tions be tween the var i ous suites.
Tri as sic and Ju ras sic in tru sions,
in clud ing both the diorites and the 
granodiorites, show a typ i cal vol -
ca nic-arc char ac ter (Fig ures
10, 11), al though the Gidon Creek 
and Mount Baldy stocks have a
late-orogenic sig na ture.

Eocene in tru sions, in clud ing
the post-fo li a tion leucogranite
from the Ed James Creek area, are
also dis tinct on geo chem i cal
plots. How ever, their extensional
tec tonic en vi ron ment (Parrish et
al., 1988) is poorly dis crim i nated
in Fig ures 10 and 11, al though the
alkalic Col lier Creek stock does
show a within-plate anorogenic
char ac ter. Other sam ples have a
char ac ter tran si tional be tween
syn- and post- collisional.

Chondrite-nor mal ized REE
di a grams fur ther dem on strate the
geo chem i cal dis tinc tion of the
var i ous suites. Diorites from both
the McKinney and Beaverdell ar -
eas show typ i cal light rare earth
el e ment (LREE)–en riched calc -
alkaline pat terns, ex cept for the
tholeiitic sam ple from McKinney
(07NMA-15, Fig ure 12a), which
shows a LREE-de pleted pat tern.
This sam ple also shows other
trace-el e ment char ac ter is tics that
are com pa ra ble to is land-arc

tholeiite, a magma type that has not been rec og nized pre vi -
ously in the Me so zoic rocks of the study area but that is
pres ent in the Pa leo zoic in both the Knob Hill Com plex and
the An ar chist schist. Fur ther map ping and sam pling are
needed to ad e quately dis crim i nate the com po nents of this
com pos ite diorite body, to de ter mine if it in cludes Pa leo -
zoic ma te rial.

All Ju ras sic in tru sive suites show typ i cal LREE-en -
riched calcalkaline pat terns (Fig ures 13, 14), al though they
dif fer in ab so lute abun dances and steep ness of the REE pat -
tern. In par tic u lar, the Mid dle Ju ras sic Mount Baldy stock is 
more LREE en riched than the other Ju ras sic sam ples (Fig -
ure 13b). Ter tiary in tru sions have higher REE con tents and
are more LREE en riched than the main Tri as sic and Mid dle
Ju ras sic suites (Fig ure 14a). Sam ple 07NMA38-01, from
the un named stock west of Crouse Creek, is from a K-feld -
spar megacrystic gran ite that was cor re lated with the
Coryell suite (Massey and Duffy, 2008b). How ever, it has a
nor mal ized REE pat tern sim i lar to that of the Mount Baldy
stock (Fig ure 13b). This in tru sion has not been di rectly
dated and may have been in cor rectly des ig nated as Eocene
in stead of Mid dle Ju ras sic. Fur ther geo chron ol ogi cal and
geo chem i cal stud ies are war ranted.

The Ed James Creek leucogranite has the low est REE
con tents of any sam ple and a dis tinct con cave-up ward REE
pat tern (Fig ure 14b), per haps re flect ing end-prod uct frac -
tion ation with the re moval of hornblende and the mi nor
phases that nor mally host the REEs and other high-field-
strength el e ments.
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Fig ure 8. AFM di a gram for gra nitic in tru sions in the Bound ary Pro -
ject area, south ern Brit ish Co lum bia (af ter Irvine and Baragar,
1971). A = Na2O + K2O; F = FeOto tal; M = MgO, all as weight per -
cent. Sym bols as in Fig ure 7.

Fig ure 9. K2O-SiO2 plot for gra nitic in tru sions in the Bound ary Pro ject area, south ern Brit ish Co -
lum bia, show ing fields from Peccerillo and Tay lor (1976). Sym bols as in Fig ure 7.



CONCLUSIONS

The data pre sented here il lus -
trate that the mag matic his tory of
the Bound ary Pro ject area is more
com plex than pre vi ously thought.
Gra nitic in tru sions in the area
were pre vi ously as cribed to the
Mid dle Ju ras sic Nel son suite, a
poorly de fined Jura-Cre ta ceous
suite, or to the Eocene Coryell
suite. New iso to pic age data sug -
gest that at least four pre-Eocene
suites are pres ent: Late Tri as sic
(213 Ma), Early Ju ras sic (188
Ma), Early to Mid dle Ju ras sic
(179–168 Ma) and ear li est Late
Ju ras sic (157 Ma). Al though these 
are gen er ally all of a sim i lar con ti -
nen tal arc–like geo chem is try, the
Mount Baldy in tru sion is sig nif i -
cantly dis tinct.

Eocene in tru sions are pres ent 
and, al though they are en riched in
lithophile el e ments, they are not
all al ka line like the clas sic Coryell 
suite in tru sions. More de tailed
map ping, cou pled with sys tem atic 
sam pling for geo chem is try and
iso to pic dat ing, is needed to con -
firm these re sults, and pos si bly re -
veal even more com pli ca tions,
through out the re gion.
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Fig ure 11. Trace-el e ment dis crim i na tion di a grams for gra nitic in tru sions in the Bound ary Pro ject area, south ern Brit ish Co lum bia, with
fields from Pearce et al. (1984). Ab bre vi a tions: VAG, vol ca nic-arc gran ites; syn-COLG, syn-collisional gran ites; WPG, within-plate gran ites;
ORG, ocean-ridge gran ites. Sym bols as in Fig ure 7.
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Fig ure 12. Chondrite-nor mal ized rare earth el e ment plots for diorites from the Bound ary Pro ject area, south ern Brit ish Co lum bia (nor mal iz -
ing val ues af ter Nakamura, 1974): a) diorites from the McKinney Creek area; 07NMA05-15 is tholeiitic in com po si tion, 07NMA05-16 is
calcalkaline; b) diorites from the Beaverdell area; pink-shaded field is for all Tri as sic to Mid dle Ju ras sic granodiorites, ex cept for the Mount
Baldy stock (Fig ure 13).



140
B

rit ish C
o lum

 bia G
eo log i cal Sur vey

Fig ure 13. Chondrite-nor mal ized rare earth el e ment plots for Tri as sic and Ju ras sic gra nitic rocks in the Bound ary Pro ject area, south ern Brit ish Co lum bia (nor mal iz ing val ues from
Nakamura, 1974): a) Tri as sic West Ket tle batholith; b) Mid dle Ju ras sic Green wood stock (closed red tri an gles) and Mount Baldy stock (red Xs); c) Mid dle Ju ras sic Gidon Creek stock; d)
Late Ju ras sic Myers Creek stock. For com par i son, the pink-shaded field in all di a grams in cludes all Tri as sic to Mid dle Ju ras sic in tru sions ex cept the Mount Baldy stock.



Geo log i cal Field work 2009, Pa per 2010-1 141

Fig ure 14. Chondrite-nor mal ized rare earth el e ment plot for rocks in the Bound ary Pro ject area, south ern Brit ish Co -
lum bia: a) Ter tiary gra nitic McKinney Creek stock (solid blue squares) and Beaverdell suite stocks (blue crosses; nor -
mal iz ing val ues af ter Nakamura, 1974); 07NMA28-17 is the alkalic Col lier Creek stock and 07NMA38-01 an un named
stock west of Crouse Creek. b) Early Ju ras sic Ed James Creek bi o tite-feld spar-quartz orthogneiss (red crossed
squares) and un dated, unfoliated leucogranite (blue crossed squares). For com par i son, the pink-shaded field is for the 
Tri as sic to Mid dle Ju ras sic granodiorite, ex cept the Mount Baldy stock (Fig ure 13).
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 07NMA-43-10 hornblende
Plateau steps are filled, rejected steps are open
box heights are 2 sigma

 07NMA-05-16 biotite
Plateau steps are filled, rejected steps are open
Box heights are 2 sigma

 07NMA-05-15 hornblende
Plateau steps are filled, rejected steps are open
Box heights are 2 sigma

 07NMA-05-16 hornblende
Plateau steps are filled, rejected steps are open
Box heights are 2 sigma

 07NMA-41-08 hornblende
Plateau steps are filled, rejected steps are open
Box heights are 2 sigma

Plateau age = 177.3 ± 1.0 Ma
2 sigma, including J-error of 0.5%
MSWD = 0.68; probability = -/57

 39Includes 57.4% of the Ar
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