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INTRODUCTION

For estry is the prin ci pal eco nomic en gine for many
com mu ni ties within the in te rior of Brit ish Co lum bia. In fes -
ta tions of moun tain pine bee tle have af fected most for ests
in this part of the prov ince (Fig 1) and, as a re sult of wide -
spread pine tree mor tal ity, a down turn within the for estry
sec tor is an tic i pated. The BC gov ern ment is work ing to
stim u late eco nomic di ver si fi ca tion within the Bee tle In -
fested Zone (BIZ) to soften these negative economic
impacts.

Min eral ex plo ra tion and min eral re source de vel op -
ment within the BIZ have lagged be hind other pro spec tive
parts of the prov ince (Mihalynuk, 2007a). Low lev els of
his tor i cal ex plo ra tion mean more op por tu nity for fu ture
min eral dis cov er ies and, as such, these in dus tries could
bring eco nomic di ver si fi ca tion to the BIZ. To help the min -
eral ex plo ra tion in dus try jus tify in vest ments in the BIZ, the
BC Geo log i cal Sur vey has re fo cused most of its field pro -
grams into the area (see 'Fore word', page iii). We re port
here on geo chron ol ogi cal data aris ing from a 2006 re con -
nais sance field pro gram that in ves ti gated meth ods to en -
hance the ef fi cacy of geo log i cal field work within the BIZ
(e.g., Mihalynuk, 2007b; Mihalynuk et al., 2008).

LOCATION

Data re ported here are from sam ples col lected in three
wide spread ar eas within the BIZ — east of south ern Babine 
Lake, near Riske Creek and west of the Iron Mask batholith
(Fig 1).

Sam ples were col lected from three sites east of south -
ern Babine Lake — two sites are along the main log ging
haul road (named ‘Phan tom Road’) be tween 4 and 6 km
north west of Boling Point on Babine Lake (sam ples
MMI06-7-12 and MMI06-24-4, Ta ble 1), and the third site
is a re cently ac tive bor row pit ap prox i mately 1 km south -
west of Cunningham Lake (sam ple MMI06-5-1, Ta ble 1).

All three sites are within an area most re cently mapped at
1:100 000 scale by Mac In tyre and Schiarizza (1999).

Sam ples from the Riske Creek area were col lected
from a site 27 km south west of Wil liams Lake, lo cated be -
tween Cot ton Road and the vil lage of Toosey (sam ple
MMI06-34-8, Ta ble 1). This area has been most re cently
mapped at 1:50 000 scale by Mihalynuk and Harker (2007;
see also Mihalynuk et al., 2007), who in cluded the sam ple
lo ca tion and age (with out data) on their map.

Sam ple col lec tion in the Iron Mask batholith area was
from west of the batholith, ap prox i mately 2 km south of
Jacko Lake and 15 km south west of Kamloops (sam ple
MMI04-11-7b, Ta ble 1). A re cent re gional map ping and
data com pi la tion that cov ered this area (Lo gan and
Mihalynuk, 2006) in cluded the sam ple site within the
‘Cherry Creek tectonic zone’.

METHODS

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb and 40Ar/39Ar iso to pic ages pre sented here was con -
ducted at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search (PCIGR) at the De part ment of Earth and Ocean
Sci ences, The Uni ver sity of British Columbia.

The U-Pb iso to pic age de ter mi na tions re ported here
were by Ther mal Ion iza tion Mass Spec tros copy (U-Pb
TIMS). The 40Ar/39Ar iso to pic age de ter mi na tions were by
the la ser-in duced step-heat ing tech nique. De tails of the
both an a lyt i cal tech niques are pre sented in Lo gan et al.
(2007).

ISOTOPIC AGE DETERMINATIONS

A syn op tic de scrip tion of the sam ple set and geo chron -
ol ogi cal re sults are pre sented in Ta ble 1. Re sults of U-Pb
iso to pic anal y ses are re ported in Ta ble 2, and sum mary data
for 40Ar/39Ar plots are re ported in Ta ble 3. Com plete dig i tal
data sets are avail able in Ullrich et al. (2008).

Ura nium-lead anal y ses were per formed on zir cons re -
cov ered from sam ples MMI06-5-1 and MMI06-24-11. Zir -
cons from the pop u la tions an a lyzed are pic tured in Fig -
ure 2, both be fore and af ter air abra sion treat ment. Four
sin gle zir con grains an a lyzed from sam ple MMI06-5-1 pro -
duced good qual ity data with four con cor dant and over lap -
ping 2σ er ror el lip ses con trib ut ing to a best es ti mate con -
cordia age of 171.44 ±0.39 Ma (Fig 3A) at 95% con fi dence
(2σ de cay con stant er rors in cluded). The mean square of
weighted de vi ates (MSWD) of con cor dance is 1.3 and the
probability of concordance is 0.25.

Three sin gle zir con grains an a lyzed from sam ple
MMI06-24-11 also pro duced good-qual ity data with con -
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Fig ure 1. Lo ca tion of the sam ples an a lyzed. Geo log i cal maps are mod i fied af ter Massey et al. (2005) and
Mihalynuk and Harker (2007).



cor dant and over lap ping 2σ er ror el lip ses con trib ut ing to a
best es ti mate con cordia age of 218.74 ±0.44 Ma (Fig 3B) at
95% con fi dence (2σ de cay con stant er rors in cluded). The
MSWD of con cor dance is 2.0 and the prob a bil ity of con -
cor dance is 0.19.

Ar gon-40/ar gon-39 anal y ses were per formed on three
sam ples: MMI04-11-7b (whole rock con tain ing white
mica) ,  MMI06-24-4  (b i  o  t i t e )  and  MMI06-34-8
(hornblende).

Whole rock sam ple MMI04-11-7b pro duced a good
53.39 ±0.45 Ma pla teau age (2σ, in clud ing J-er ror of 0.5%)
rep re sent ing 82.7% of the 39Ar gas re leased (Fig 4A). The
MSWD of con cor dance is 0.76 and the prob a bil ity of con -
cor dance is 0.55. The in verse isochron has an ini tial
40Ar/36Ar in ter cept of 311 ±19 Ma, within er ror of the ac -
cepted at mo spheric value, and yielded an age of
52.82 ±0.83 Ma (MSWD = 0.115).

The bi o tite sep a rate (sam ple MMI06-24-4) pro duced a 
con vinc ing pla teau for in ter me di ate heat ing steps only
(Fig 4B). Ac count ing for 51.7% of the 39Ar gas re leased,
the pla teau age is 134.65 ±0.74 Ma (2σ, in clud ing J-er ror of 
0.5%). The MSWD of con cor dance is 1.00 and the prob a -
bil ity of con cor dance is 0.41. The in verse isochron is
poorly con strained due to ra dio genic ar gon dom i nat ing the
heat ing steps, yield ing an ini tial 40Ar/39Ar in ter cept of
290 ±98 Ma, an age of 134.9 ±4.3 Ma, and a MSWD = 1.3,
but nonetheless supports the plateau age.

The hornblende sep a rate (sam ple MMI06-34-8) pro -
duced a 51.65 ±0.58 Ma pla teau age (2σ, in clud ing J-er ror
of 0.5%) rep re sent ing 90% of the 39Ar gas re leased

(Fig 4C). The MSWD is 0.49 and the prob a bil ity of con cor -
dance is 0.61. Again, the in verse isochron is dom i nated by
ra dio genic ar gon, yield ing a poorly con strained but sup -
port ive ini tial 40Ar/36Ar in ter cept of 275 ±64 Ma and age of
51.8 ±2.1 Ma (MSWD = 0.71).

GEOLOGICAL IMPLICATIONS OF
GEOCHRONOLOGICAL RESULTS

Babine Lake

Geo log i cal field work was con ducted in the south ern
Babine Lake area as a con se quence of prov ince-wide Re -
gional Geo chem i cal Stream sed i ment com pi la tions that
showed cor re la tions be tween phos pho rous and cop per
(Mihalynuk et al., 2007; cf., Lett et al., 2008). These el e -
ments show strong cor re la tion in alkalic cop per-gold por -
phyry camps such as the Iron Mask batholith and Mount
Polley. Min er al iza tion at most alkalic cop per-gold por -
phyry de pos its within the prov ince is be tween 205 and
200 Ma (Lo gan et al., 2007). One ob jec tive of the work in
the Babine Lake area was to de ter mine if any in tru sive
rocks of this critical age are present.

BOLING POINT AREA: SYNKINEMATIC
DIKE, SAMPLE MMI06-24-11

Be tween ap prox i mately 1 km and 7 km north west of
Boling Point on Babine Lake (Fig 1), ex po sures are dom i -
nated by fo li ated mafic vol ca nic rocks. These are mainly
coarse-grained pyroxene-por phy ritic brec cias in which
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TABLE 1. SUMMARY INFORMATION FOR GEOCHRONOLOGICAL SAMPLES.
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TABLE 2. U-PB TIMS ANALYTICAL DATA FOR ZIRCON.
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TABLE 3. 40AR/39AR STEP HEATING GAS RELEASE DATA.



pyroxene crys tals have acted as strain mark ers and dis play
flat ten ing and orogen-par al lel elon ga tion within the fo li a -
tion planes. Elon ga tion strain av er ages about 3 but can ex -
ceed 10 (Fig 5). Fo li a tion and lineation fab rics are cut by a
granodioritic pluton 6 km in length and by smaller stocks
less than a kilo metre in length (Mac In tyre and Schiarizza,
1999). All are elon gated in a north west di rec tion, par al lel
with the min eral elon ga tion di rec tion which av er ages ap -
prox i mately 335°.

Hornblende dacite dikes gen er ally cut the fo li a tion of
the de formed vol ca nic coun try rocks (Fig 6). The dikes are

1 to 5 m thick and have an av er age strike/dip of ap prox i -
mately 145°/60°. They all dis play protomylonitic tex tures.
Lo cally, the dikes are trans posed by the 335° duc tile fab ric.
These re la tion ships are taken to in di cate late synkinematic
em place ment of the dikes.

The U-Pb zir con age de ter mi na tion of 218.7 ±0.4 Ma
for sam ple MMI06-24-11, col lected from one of the
synkinematic dacite dikes, is slightly youn ger than the
crys tal li za tion age of 226 ±3 Ma es ti mated from a stock
2 km to the south east by Mac In tyre et al. (2001). This stock
dis plays a decimetre thick ultramylonite zone (approx.
205°/40°) that is over printed by later dilational brecciation
textures (Fig 7).

The new age is iden ti cal, within the lim its of er ror, to
the old est parts of the Endako Batholith (the Stern Creek
phase) where dated, ap prox i mately 65 km to the south east.
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Fig ure 2. Pho to mi cro graphs of zir cons an a lyzed from
sam ple MMI06-5-1 be fore (A) and af ter (B) air abra sion,
and from sam ple MMI06-24-11 be fore (C) and af ter (D)
air abra sion. Hor i zon tal di men sion of pho tos rep re sents 
ap prox i mately 1 mm.

Fig ure 3. Con cordia plots for U-Pb TIMS data for: A) sam ple
MMI06-5-1, and (B) sam ple MMI06-24-11. 2σ er ror el lip ses for in di -
vid ual an a lyt i cal frac tions are shown in red. These data are com -
bined to pro duce the best es ti mate age shown by the grey el lipse.
Con cordia bands in clude 2σ er rors on U de cay con stants.
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Fig ure 4. Step heat ing Ar gas re lease spec tra for: A) sam ple
MMI04-11-7b, B) sam ple MMI06-24-4, and C) sam ple MMI06-34-
8. Pla teau steps are filled, re jected steps are open. Box heights at
each step are 2σ.

Fig ure 5. Coarse augite crys tals char ac ter ize the por phy ritic vol ca -
nic rocks near Boling Point. They are good strain mark ers and com -
monly dis play a strong lineation. Strain av er ages about 3, but is lo -
cally 10 or more.

Fig ure 6. Dacite dike con tact shows weakly to non-fo li ated dike
mar gin in con tact with fo li ated tuffaceous coun try rocks.



Villeneuve et al. (2001) re port an age for this phase of
219.3 ±0.4 Ma.

CUNNINGHAM LAKE: FOLIATED TUFF
WITH DACITIC CLASTS, SAMPLE MMI06-5-
1

Sam ple MMI06-5-1 was col lected from a unit mapped
as Sitlika as sem blage, which is de scribed by Mac In tyre and 
Schiarizza (1999) as mainly metabasalt with lesser
amounts of fel sic vol ca nic and sed i men tary units. At the
sam ple lo cal ity, white, flow-banded and quartz-phyric,
coarse lapilli-sized clasts con sti tute about 5% of a dark
brown tuffaceous unit. The clasts dis play elon ga tion with
gen tle north west plunges within a steep, north-north west-
strik ing foliation (Fig 8).

Age de ter mi na tion was sought to help test the cor re la -
tion with the Sitlika as sem blage be cause such a cor re la tion
points to an en vi ron ment with po ten tial for volcanogenic
mas sive sul phide min er al iza tion, sim i lar to that seen at the
Kutcho Creek de posit (MINFILE 104I  060). Un for tu -
nately, the cor re la tion is not borne out by the new U-Pb age
de ter mi na tion of ca. 171 Ma (ver sus the ex pected age of
ca. 250 Ma for Sitlika strata). How ever, these vol ca nic
rocks may be ex tru sive equiv a lents to a belt of in tru sive

rocks that in cludes the Spike Peak in tru sive suite, dated at
171.8 ±0.6 Ma (U-Pb zir con; Mac In tyre et al., 2001) about
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Fig ure 7. a) Dacite dikes are lo cally infolded with augite por phyry
brec cia. Fold axes are ori ented 345°/20°. b) Close-up view of
dacite out crop show ing fo li a tion at this lo cal ity plus cataclastically
re duced quartz eyes. c) Strong fab ric de vel op ment in augite por -
phyry coun try rocks.



75 km along strike to the north west and the Sugarloaf phase 
of the Endako Batholith, dated at 171 ±1.7 Ma (40Ar/39Ar;
Villeneuve et al., 2001) about 90 km to the south east. The
de for ma tion event that pro duced the strong lineation dis -
played by these pyroclastic strata must be younger than
ca. 171 Ma.

BOLING POINT: BIOTITE GRADE
METATUFF, SAMPLE MMI06-24-4

Late Tri as sic augite por phy ritic vol ca nic and re lated
sed i  men tary rocks are in pre sumed con tact  with
serpentinized ultra mafic rocks along their east ern mar gin
(Mac In tyre and Schiarizza, 1999) in the Boling Point area,
but the con tact is ob scured by surficial de pos its. At the sam -
ple lo cal ity, augite por phyry brec cia con tains sparse, pos si -
bly andesitic, clasts con tain ing euhedral bi o tite book lets.
Bi o tite was ex tracted from one of these clasts for geo chron -
ol ogi cal age de ter mi na tion and yielded a cooling age of
134.65 ±0.74 Ma (Table 3).

Elon ga tion fab rics at the sam ple lo cal ity are sim i lar to
other parts of the Late Tri as sic pack age near Boling Point
and the Mid dle Ju ras sic sec tion at Cunningham Lake. To
the im me di ate east, how ever, polydeformed, fine-grained
tuffaceous sed i men tary rocks may have been de formed into 
sheath folds (Fig 9). In con sid er ation of the protolith age of
the sam ple from Cunningham Lake (ca. 171 Ma), the strong 
meta mor phic fab ric was prob a bly im parted on this belt of
rocks between ca. 171 and ca. 135 Ma.

Riske Creek area

Two K-Ar whole rock ages are re ported from un named 
Eocene vol ca nic rocks in the Riske Creek area. They are
52.2 ±2 Ma and 50 ±1.4 Ma (Hunt and Roddick, 1994). A
clean fresh sam ple of hornblende-por phy ritic tuff was col -
lected to ob tain a more ro bust 40Ar/39Ar age. The aim was to 
test the chronostratigraphic cor re la tion of these rocks with
lithologically sim i lar rocks more than 100 km to the west-
north west, now the sub ject of geo log i cal in ves ti ga tion
(Mihalynuk et al., 2008), and a grow ing body of ra dio met -
ric age data that points to a vo lu mi nous ca. 52 Ma erup tive
ep och (Rid dell et al., 2007).

RISKE CREEK: IGNIMBRITIC TUFF,
SAMPLE MMI06-34-8

Slab by-weath er ing, cream-col oured dacitic ignimbrite 
cool ing units are stacked more than 100 m thick near the
sam ple site. Lahar lay ers up to 5 m thick lo cally sep a rate the 
dacite flows. Lapilli com pac tion and flow fab rics dip shal -
lowly east-north east, de fined partly by the align ment of
oxyhornblende (10%) and bi o tite (1%, not pres ent in dated
sam ple), to gether with trails of feld spar (40%) and quartz
(15%), in a fine-grained, cream-col oured ma trix. These
rocks are jux ta posed across a steeply dip ping, north-
trending fault with Pa leo zoic chert and argillite of the
Cache Creek com plex (Mihalynuk and Harker, 2007).

Hornblende sep a rated from a sam ple of the fresh est
a n d  d e n s  e s t  d a c i t e  y i e l d e d  a  4 0 A r / 3 9 A r  a g e  o f
51.65 ±0.58 Ma. Pre vi ously re ported K-Ar age de ter mi na -
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Fig ure 8. Lineation of fel sic clasts within ex po sures near
Cunningham Lake.

Fig ure 9. Pos si ble sheath folds within epidote-chlorite-al tered
tuffaceous siltstone and fine-grained sand stone are out lined in
black marker.



tions (Hunt and Roddick, 1994) were from sam ples of ba -
saltic an de site and dacite tuff col lected ap prox i mately
0.75 km west and ap prox i mately 5 km south west of sam ple
site MMI06-34-8. The dacite tuff sam pled and re ported on
by Hunt and Roddick (1994) is likely the same unit that is
re ported on here. The two ages are iden ti cal within lim its of
er ror. The rocks are equiv a lent in age to the Ootsa Lake
Group to the north west and the Kamloops Group to the
southeast.

Iron Mask batholith

The Iron Mask batholith is an im por tant cop per-gold
re source as it con tains at least eight sep a rate alkalic, por -
phyry-style cop per-gold-sil ver de pos its; five of which are
sig nif i cant past pro duc ers. Phyllitic fab rics and mi nor folds 
are lo cally de vel oped in parts of the batholith (Lo gan et al.,
2007). Fab rics with sim i lar ori en ta tion are well de vel oped
within the Late Tri as sic arc strata out side the west ern mar -
gin of the batholith. This de for ma tion could af fect the dis -
tri bu tion of min er al iza tion within the batholith; there fore, it 
is im por tant to un der stand its tim ing as a first step to
determining the cause of the deformation.

CHERRY CREEK TECTONIC ZONE
PHYLLITE, SAMPLE MMI04-11-7B

In the most coarsely crys tal line sam ples of the phyllite
unit, in di vid ual mica crys tals can be dis cerned in hand sam -
ple. A sam ple of this cal car e ous quartz-mica schist was col -
lected from a low, white-weath er ing out crop ap prox i -
mately 2 km south of Jacko Lake. Un for tu nately, the
sam ple was not suf fi ciently coarse-grained to per mit sep a -
ra tion of white mica, so a whole rock de ter mi na tion was
per formed. It yielded an Eocene 40Ar/39Ar age of
53.39 ±0.45 Ma.

Nu mer ous sam ples col lected from within 20 km north
and south of Jacko Lake dis play early Ter tiary cool ing ages
(Matthews, 1964; Preto et al., 1979; Breitsprecher and
Mortensen, 2004), but none are from the Me so zoic vol ca -
nic sec tion. Two cool ing ages for sam ples of por phy ritic
granodiorite of the Nicola batholith (Preto et al., 1979) col -
lected from sites ap prox i mately 6 and 8 km to the south-
south east of sam ple site MMI04-11-7b were in ter preted on
later com pi la tions as hav ing a crys tal li za tion age of Late
Tri as sic–Early Ju ras sic (Kwong, 1987; Massey et al.,
2005). The ages are 50.3 ±0.4 Ma (40Ar/39Ar, Ghosh, 2003)
and 51.8 ±2 Ma (K-Ar, Preto et al., 1979). Vol ca nic strata of 
the Kamloops Group, sam pled ap prox i mately 18 km to the
north (approx. 1 km north of Kamloops Lake, Fig 1), have
pro duced a cool ing age of 50 ±4 Ma (Matthews, 1964).
This sam ple site is within 100 m of an Eocene pluton that is
part of the Bat tle Bluff plutonic com plex (Massey et al.,
2005), and the age may partly reflect cooling of that body.

Duc tile Eocene de for ma tion may be re lated to em -
place ment of an Eocene com po nent of the Nicola batholith,
rec og nized by Preto et al. (1979) but not rep re sented in sub -
se quent com pi la tions. De for ma tion of this age has not been
widely ac knowl edged in this re gion. Such de for ma tion
may have sig nif i cant im pli ca tions for min eral ex plo ra tion,
par tic u larly as deeper struc tural lev els of the Iron Mask
batholith are targeted.
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