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INTRODUCTION

In 2004, the BC Min is try of En ergy, Mines and Pe tro -
leum Re sources and Boot leg Ex plo ra tion Inc. en tered into a 
part ner ship agree ment aimed at the eval u a tion of the re -
gional po ten tial for in tru sive-re lated gold min er al iza tion
near Ter race, Brit ish Co lum bia. Boot leg Ex plo ra tion Inc. is 
a wholly owned sub sid iary of Ea gle Plains Re sources Ltd.,
and their area of in ter est is around Kitsum – Kalum Lake,
cen tred ap prox i mately 35 km north of Ter race (Fig. 1). Pre -
lim i nary re sults from that part ner ship were pub lished in
Mihalynuk and Fried man (2005). Geo chron ol ogi cal data
that have come available since then are reported here.

Six sam ples were col lected for U-Pb geo chron ol ogi cal 
work from widely sep a rated lo cal i ties (Fig. 2). Re sults
from anal y ses of one sam ple were pre sented in Mihalynuk
and Fried man (2005), four other sam ples are pre sented
here, and one sam ple did not yield suf fi cient ma te rial to
per mit gen er a tion of an in ter pret able dataset. Read ers in ter -
ested in the geo log i cal set ting of the in tru sions and min eral
de pos its de scribed herein are re ferred to Downie and
Stephens (2003) or Mihalynuk and Friedman (2005).

METHODS

Ap prox i mately 30 kg of unweathered in tru sion was
col lected from each sam ple site to de ter mine its crys tal li za -
tion age em ploy ing the iso tope di lu tion – ther mal ion iza -
tion mass spec tros copy U-Pb method (ID-TIMS). All work
was car ried out at the Pa cific Cen tre for Iso to pic and Geo -
chem i cal Re search at the De part ment of Earth and Ocean
Sci ences, University of British Columbia.

Zir con was sep a rated from rock sam ples us ing con -
ven tional crush ing, grind ing and Wilfley ta ble tech niques,
fol lowed by fi nal con cen tra tion us ing heavy liq uids and
mag netic sep a ra tions. Min eral frac tions for anal y sis were
se lected based on grain mor phol ogy, qual ity, size and mag -
netic sus cep ti bil ity. Ex cept where noted, all zir con frac -
tions were abraded prior to dis so lu tion to min i mize the ef -
fects of post-crys tal li za tion Pb-loss, us ing Krogh’s (1982)
tech nique. Sam ples were dis solved in con cen trated hy dro -
flu oric acid (HF) and ni tric acid (HNO3) in the pres ence of a 

mixed 233-235U-205Pb tracer. Sep a ra tion and pu ri fi ca tion of
Pb and U em ployed ion ex change col umn tech niques mod i -
fied slightly from those de scribed by Parrish et al. (1987).
Pb and U were eluted sep a rately and loaded to gether on a
sin gle Re fil a ment us ing a phos pho ric acid - sil ica gel emit -
ter. Iso to pic ra tios were mea sured us ing a mod i fied sin gle
col lec tor VG-54R ther mal ion iza tion mass spec trom e ter
equipped with a Daly photomultiplier. Mea sure ments were
done in peak-switch ing mode on the Daly de tec tor. U and
Pb to tal pro ce dural blanks were in the range of 1 pg and 3 to
5 pg, re spec tively, dur ing the course of this study. U frac -
tion ation was de ter mined di rectly on in di vid ual runs us ing
the 233-235U tracer, and Pb iso to pic ra tios were cor rected for
a frac tion ation of 0.37%/amu for Far a day and Daly runs,
re spec tively, based on rep li cate anal y ses of the NBS-981
Pb stan dard and the val ues rec om mended by Thirlwall et al. 
(2000). All an a lyt i cal er rors were nu mer i cally prop a gated
through the en tire age cal cu la tion us ing the tech nique of
Roddick (1987). Con cordia in ter cept ages and as so ci ated
er rors were cal cu lated us ing a mod i fied ver sion of the
York-II re gres sion model (wherein the York-II er rors are
mul ti plied by the mean square of weighted de vi ates
[MSWD]) and the algorithm of Ludwig (1980). All errors
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Fig ure 1. Lo ca tion of the Kalum pro ject area, ap prox i mately
35 km north of Ter race. Ge ol ogy from Massey et al. (2003).



are quoted at the two sigma level. Results are plotted on a
standard concordia diagram (Fig. 3) and listed in Table 1.

RESULTS OF GEOCHRONOLOGICAL
ANALYSES

The lo ca tions of sam ples col lected for geo chron ol ogi -
cal study are shown in geo log i cal con text on Fig ure 2. An a -

lyt i cal re sults are enu mer ated in Ta ble 1, and con cordia
plots are shown on Figure 3.

Big Joe Biotite Granite

Mo lyb de nite min er al iza tion at the Big Joe oc cur rence
is hosted by a bi o tite gran ite stock lo cated within a kilo -
metre of the east bank of the Ce dar River, about 5 km up -
stream of its con flu ence with the Lit tle Ce dar River.

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

Fig ure 2. Gen er al ized ge ol ogy of the Kitsumkalum area. Sources of in for ma tion: this pro ject, Woodsworth et al. (1985), Downie and
Stephens (2003) and Massey et al. (2003).



Medium-grained bi o tite gran ite com prises the poorly de -
fined wedge-shaped in tru sion, which has a long di men sion
of about 1 km. It is ex ten sively af fected by mod er ately in -
tense phyllic al ter ation that has re sulted in bleach ing and
yel low or rust weath er ing. Sec ond ary white mica+/-py rite
is ubiq ui tous (Fig. 4). North-trending, centi metre-thick
sheeted quartz veins are com mon. Some veins at tain thick -
nesses of 35 cm. A west-trending sub set of veins is lo cally
well de vel oped. Mo lyb de nite oc curs as fine ro settes and
vein coat ings, but it is not abun dant in sur face ex po sures.
Fist-sized clots of molybdenite occur sporadically (Fig. 5).

A sam ple of the pluton was col lected to date the mo lyb -
de nite min er al iza tion, as sum ing that the mo lyb de nite is
syngenetic. Both zir con and ti tan ite were re cov ered and an -
a lyzed from this sam ple. Zir con re sults are scat tered, re -
flect ing the pres ence of mi nor in her i tance and Pb loss, al -
though frac tion A is con cor dant at about 62 Ma (Fig. 3A).
The over lap of two rel a tively im pre cise ti tan ite anal y ses at

60.6 ±2.9 Ma, which in cludes con cor dant zir con frac tion
A, pro vides the best es ti mate for the age of the rock.

Biotite Granodiorite at Kalum Lake Property

Me dium-grained bi o tite granodiorite at the Kalum
Lake prop erty crops out near the east shore of south ern
Kalum Lake. Ex po sures show ex ten sive car bon ate al ter -
ation and weath ered rock is or ange in col our. The least al -
tered parts of the exposures con tain chloritized bi o tite and
ac ces sory mag ne tite, with av er age mag netic sus cep ti bil ity
val ues of 25 (ver sus 0.3 where al tered). Min er al iza tion dis -
played by ex ca vated parts of the in tru sion con sists of quartz 
veins and tab u lar quartz stockworks, with a min i mum
65 cm thick ness, that carry py rite, tetrahedrite and chal co -
py rite as the prin ci pal sulphides. Mihalynuk and Fried -
man’s (2005) anal y ses of these veins re vealed ap prox i -
mately 1200 to 2300 ppb gold and 112 ppm sil ver; how ever, 
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Fig ure 3. Con cordia plots of iso to pic data and in ter preted ages. Data were ob tained from anal y sis of sam ples from four in tru sive bod ies in
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spectacular as says were reported by Cavey and Howe
(1984), 251 g/t gold and 226 g/t silver.

A sam ple of the least al tered, in tact in tru sion was col -
lected for de ter mi na tion of a mag matic crys tal li za tion that
would pro vide a max i mum age limit on the min er al iza tion.
This sam ple yielded abun dant zir con and ti tan ite. Of four
an a lyzed multigrain zir con frac tions, three are dis cor dant
due to the pres ence of mi nor in her i tance (Fig. 3B; Ta ble 1).
The youn gest frac tion (D) is con cor dant and thus ap pears to 
be free of in her i tance or may con tain a trace of slightly
older (Cre ta ceous) in her i tance. Re sults for the three an a -
lyzed multigrain ti tan ite frac tions plot be tween 77 to
81 Ma. The two nearly iden ti cal older results (T2 and T3)
represent the minimum age for the rock.

Shae Quartz-Biotite Porphyry

Quartz-bi o tite por phyry is ex posed at low el e va tions in 
the Lit tle Ce dar River val ley (Fig. 2). Por phyry-style
copper-mo lyb de num min er al iza tion is lo cally de vel oped,
and in sev eral places the im me di ately ad ja cent coun try
rocks are re placed by pyrrhotite, py rite and chal co py rite.
Chilled phases are quartz-eye por phyry with quartz up to
8 mm in di am e ter, com pris ing up to 5% of the rock. Ox i da -
tion of finely dis sem i nated py rite pro duces rusty out crops,
which may be cut by sheeted or stockwork quartz veins
(Fig. 6). Mihalynuk and Fried man (2005) in ter preted this

in tru sion as co eval with py ritic quartz-bi o tite-feld spar por -
phyry dikes that in trude par al lel to fold hinges in the
Bow ser Lake Group strata on the ridge to the south. If cor -
rect, the dikes post-date folding in the Bowser Lake Group
strata.

Four multigrain zir con frac tions were an a lyzed. All are 
dis cor dant with early Cre ta ceous Pb-U dates; they de fine a
quasi-lin ear ar ray nearly par al lel to this seg ment of the con -
cordia curve. Both free-fit (black) and forced 0 Ma (red) re -
gres sion lines are plot ted on Fig ure 3C and the in ter cepts
are listed in Ta ble 1. The forced 0 Ma op tion im plies Pb-
loss, no in her i tance and a Ju ras sic mag matic min i mum age
(167 ±4 Ma). The free-fit re gres sion al lows for ei ther Pb-
loss or in her i tance in ter pre ta tions. The for mer yields an
Early Me so zoic to Late Palaeozoic age and the lat ter a Ce -
no zoic to Cre ta ceous age with Ju ras sic to Palaeozoic in her -
i tance. This sam ple re quires more U-Pb work. Ar-Ar dat ing 
cur rently in prog ress may also provide verification of one
of the interpretations.

Hornblende Megacrystic Tonalite

Dikes and sills of hornblende tonalite cut and ther -
mally meta mor phose siltstone and argillite at the Tuppie
prop erty (Downie and Stephens, 2003), about 7 km west of
Kitsumkalum Lake (ap prox i mately 4 km south west of
Mount Allard). Con tacts of these sills are com monly fo li -
ated, and some of the fo li ated zones are car bon ate al tered
(Fig. 7), lo cally with quartz vein ing and base metal sul -
phide min er al iza tion. One of the thick est sills, with a
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Fig ure 4. Pho to mi cro graph of typ i cal al ter ation as sem blage in
gran ite stock host ing mo lyb de nite min er al iza tion at the Big Joe.
The long di men sion of the photo rep re sents ap prox i mately 4 mm
and the photo was taken us ing cross-po lar ized light. Brightly col -
oured (high bi refrin gence) min eral grains are white mica; op aques
are mainly py rite and mi nor mo lyb de nite.

Fig ure 5. Blue-grey mo lyb de nite oc curs in ir reg u lar clots up to fist
size at the Big Joe oc cur rence. Highly re flec tive min eral grains are
py rite and white mica.



foliated lower mar gin (270/22), was sam pled for geo chron -
ol ogi cal age de ter mi na tion. A date would place a max i mum 
age constraint on this mineralization.

A con spic u ous fea ture of these dikes and sills is a high
pro por tion (~25%) of euhedral hornblende pheno crysts up
to 5 cm long. Mi cro scopic ex am i na tion of these pheno -
crysts shows that they en close bi o tite grains that may dis -
play a well-de vel oped align ment (Fig. 8) and com prise up
to a third of the pheno crysts. Whether or not this high bi o -
tite con tent is typ i cal of the megacrystic tonalite is un cer -
tain. If so, this helps to dis tin guish it from the tonalitic
Mount Allard pluton, which also con tains a high pro por tion 
of euhedral hornblende pheno crysts, but the Mount Allard
pheno crysts con tain abun dant in clu sions of quartz and
feldspar as opposed to biotite.

Only a very small quan tity of zir con could be ex tracted
from the Tuppie sam ple, which was sub di vided into four
multigrain frac tions on the ba sis of grain size. Frac tions A
and B con sisted of euhedral prisms that were abraded prior
to dis so lu tion, while C and D were unabraded blocky
anhedral to subhedral grains (Fig. 3D; Ta ble 1). Re sults for
the three coarser frac tions over lap con cordia be tween
about 199 and 206 Ma. The fin est unabraded grains com -
prise frac tion D, which give sig nif i cantly youn ger and dis -
cor dant re sults sug gest ing strong Pb loss. If the dis per sion
of data can be at trib uted en tirely to Pb loss, frac tion C with
Pb-U dates of about 205 Ma pro vides a minimum age for
the rock.
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Fig ure 6. Quartz vein ing in al tered bi o tite-quartz por phyry at the
Shae oc cur rence. Coarse quartz eyes are well de vel oped in chilled 
phases, as shown here.

Fig ure 7. Rel a tively fine-grained bor der of hornblende
megacrystic tonalite at the Tuppie oc cur rence show ing fo li ated
and car bon ate-al tered equiv a lent. 

Fig ure 8. Pho to mi cro graph of an ap prox i mately 3.5 mm long
hornblende phenocryst dis play ing a typ i cal poikilitic en clo sure
of biotite.



If the Pb-loss in ter pre ta tion is cor rect, the lat est Tri as -
sic age de ter mi na tion leads to a geo log i cal im pos si bil ity.
Re  g iona l  map p ing  (Duffe l l  and  Souther,  1964;
Woodsworth et al., 1985; Downie and Stephens, 2003) in -
di cates that the sed i men tary strata around the Tuppie are
part of the Up per Ju ras sic Bow ser Lake Group, the old est
parts of which are about 166 Ma (Evenchick and McNicoll,
2002). One pos si ble ex pla na tion for this in con sis tency is
that the dated frac tions are zir con xeno crysts. Un til this
prob lem can be re solved, the pos si bil ity of Late Tri as sic
strata should be ac knowl edged be cause of the sig nif i cant
im pli ca tions for min eral ex plo ra tion. In par tic u lar, the lim -
its of stra tig ra phy which bracket the age of the min er al ized
ho ri zon at Eskay Creek, in ter preted as a shal low sub ma rine
hy dro ther mal deposit (Alldrick, 1995), could be extended
to the Kitsumkalum Lake area.

SUMMARY

Four new U-Pb age de ter mi na tions are avail able for in -
tru sive rocks in the Kitsumkalum area. In ter preted best
ages for mag matic crys tal li za tion and con straint on the age
of as so ci ated min er al iza tion, from youn gest to oldest, are

1) 60 ±2.9 Ma; Big Joe gran ite and ?syngenetic mo -
lyb de num min er al iza tion;

2) 83 ±3 Ma; Kalum Lake granodiorite, which pre -
dates the min er al ized quartz veins that cut it;

3) a ten u ous and highly in ter pre tive, low re li abil ity
min i mum age of 167 ±4 Ma is sug gested for the
Shae bi o tite-quartz por phyry and dis sem i nated
plus  re  p lace ment  cop per+/-mo lyb de  num
mineralization;

4) a pro vi sional min i mum age of 205.3 ±0.6 Ma is
sug gested for the hornblende megacrystic tonalite
on the Tuppie prop erty, which pre dates min er al -
ized quartz veins that cut its fo li ated mar gin.

None of the sam ples an a lyzed yielded a straight for -
ward geo chron ol ogi cal dataset. All are sub ject to in ter pre -
ta tion and more an a lyt i cal work is needed to con firm the
best ages sug gested. Both of the older sam ples are par tic u -
larly spec u la tive. Nev er the less, the sug ges tion of Late Tri -
as sic to Mid dle Ju ras sic mag matic ages pro vided by these
sam ples is im por tant be cause it al lows for the pos si bil ity of
stra tig ra phy that is age equiv a lent to strata hosting the rich
Eskay Creek deposit.
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