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INTRODUCTION

Geo log i cal and geo chem i cal in di ca tions of an en vi ron -
ment pro spec tive for gold de pos its are found in an area ex -
tend ing approximately 12 km east and west of Kitsum -
kalum Lake in west-cen tral Brit ish Co lum bia (Fig. 1).
More than 20 gold min eral oc cur rences, some with sil ver,
are lo cated within the area, in clud ing two with mi nor past
pro duc tion and an ac tive placer op er a tion. Most oc cur -
rences are gold-ar senic-quartz or base and pre cious-metal
quartz veins that are pre sum ably re lated to one of the many
stocks and plutons in the area (Fig. 1). Car bon ate al ter ation
en ve lopes are ubiq ui tous around sheeted pre cious-metal–
bearing quartz veins (±ar seno py rite-py rite- sphal erite -ga -
lena-chal co py rite). Re gional geo chem i cal stream sed i ment 
sur veys show el e vated gold, mer cury and ar senic in the
Kitsumkalum area (bis muth and an ti mony were not an a -
lyzed; BC Min is try of En ergy and Mines, 2001). 

Since 2002, Ea gle Plains Re sources Ltd. has con -
ducted min eral ex plo ra tion in the area, pri mar ily west of
Kitsumkalum Lake. In 2004, Boot leg Ex plo ra tion Inc. (a
wholly owned sub sid iary of Ea gle Plains Re sources Ltd.)
and the Brit ish Columbia Min is try of En ergy and Mines en -
tered into a part ner ship agree ment aimed at evaluating the
re gional po ten tial for in tru sive-re lated gold min er al iza tion, 
both on their Kalum prop erty and around plutons to the
east. Geo log i cal field in ves ti ga tions were fo cused on in te ri -
ors and con tacts of in tru sive bod ies as so ci ated with gold
min er al iza tion and lode vein oc cur rences.

In this re port, we use the fol low ing nomenclature con -
ven tions. ‘Kitsumkalum area’ re fers to the ar eas of the
Kitsumkalum val ley that lie within an ~12 km radius of
Kitsumkalum Lake. ‘Kalum area’ re fers the part of the
‘Kitsumkalum area’ that lies west of the lake, prin ci pally
the ‘Kalum prop erty’, cen tred west of Mount Allard, as

well as the ‘LCR prop erty’, on the ridges south of the lower
stretches of the Lit tle Ce dar River. A pos si ble source of
con fu sion arises over the his tor i cal use of ‘Kalum’ and
‘Kalum Lake’, which are names of de vel oped pros pects on
the north east and south west shores of Kitsumkalum Lake.

ACCESS 

The Kalum area is cen tred ap prox i mately 35 km north-
north west of Ter race in west-cen tral Brit ish Co lum bia.
With a pop u la tion of nearly 14 000, Ter race sup ports a re -
gional air port, rail yard, and most other ame ni ties. It is lo -
cated at the con flu ence of the Skeena, Zymoetz and
Kitsumkalum Rivers, and at the junc tion of High ways 6 and 
37. Ex cel lent road ac cess is af forded by log ging roads that
ex tend off of the new, paved Nisga’a High way and the old
gravel-sur faced Aiyansh High way on the east and west
sides of the Kitsumkalum val ley. Steep al pine to pog ra phy
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Fig ure 1.  Lo ca tion of the Kalum pro ject area, 35 km north of Ter -
race. Ge ol ogy from Massey (2004).
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and dense tem per ate rain forest, both char ac ter is tic of the
area, can prove lo gis ti cally chal leng ing for travelling even
short dis tances from ex ist ing ac cess routes.

OBJECTIVES

This re port is a sum mary of field and lab o ra tory data
ac quired from the Kalum field work com pleted in 2004. We
in clude the re sults and in ter pre ta tions of geo log i cal map -
ping, petrographic and geo chem i cal anal y sis and geo -
chron ol ogi cal in ves ti ga tions. Ob jec tives are to 
· de scribe and sam ple the min er al ized oc cur rences;

· de ter mine what in tru sive phases, if any, are as so ci ated
with gold min er al iza tion, and at tempt to es tab lish field
cri te ria that link the in tru sive phase(s) to min er al iza -
tion;

· es tab lish a geochronological frame work for min er al -
iza tion and/or min er al iz ing in tru sive phases; and

· in ves ti gate petrographic ev i dence that con strains the
min er al iz ing event(s).

METHODS

Field work was con ducted over an 18-day pe riod in
mid to late Au gust. About two-thirds of the work was con -
ducted from the road net work be low treeline, the re main der 
was by he li cop ter ac cess, mainly near or above treeline.
Ap prox i mately half of the geo log i cal map ping and sam ple
col lec tion was di rected to ward ten ured lands in which Ea -
gle Plains Re sources Ltd. hold an in ter est. In the course of
map ping, mag netic sus cep ti bil ity of rock units and their al -
tered or meta mor phosed equiv a lents was rou tinely re -
corded in or der to pro vide cal i bra tion for aero mag net ic
data col lected dur ing past and fu ture sur veys. A to tal of 39
sam ples were col lected for petrographic anal y sis (see pho -
to mi cro graphs that fol low); 6 sam ples were col lected for
U-Pb geo chron ol ogy (5 pend ing, data for one pre sented
here), 9 sam ples were col lected for 40Ar/39Ar geo chron ol -
ogy (re sults pend ing); 54 sam ples were col lected for as say
by in duc tively coupled plasma – emis sion spec tros copy
(ICP-ES) and instrumental neutron activation anal y sis
(INAA), and 10 sam ples were col lected for ma jor and rare
earth el e ment anal y sis (REE re sults are pend ing). 

Twenty-seven of fifty-four sam ples sub mit ted for ICP-
ES and INAA are re ported, based upon their ICP-ES val -
ues, as fol lows: Au >500 ppb or Ag >1000 ppb or Cu, Zn,
Pb >0.2%. Qual ity-con trol data are also re ported. Note that
the vari a tion in Au and Ag ICP-ES val ues from the ac -
cepted stan dard was 101% and 8%, re spec tively, as a
%RSD (relative standard de vi a tion) mea sure. Vari a tion in
an a lyt i cal re sults for du pli cates av er aged 89% and 36%
(Au and Ag, Table 2). These un cer tain ties need to be con -
sid ered dur ing the fol low ing dis cus sion on min er al iza tion.

REGIONAL GEOLOGY AND PREVIOUS
WORK

Duffell, Souther and oth ers from the Geo log i cal Sur -
vey of Can ada (GSC) con ducted com pre hen sive geo log i cal 

work in the area in the late 1950s (Duffell and Souther,
1964). This re mains the most com plete writ ten work pub -
lished, al though the GSC con ducted sev eral years of re vi -
sion map ping, mainly in the mid-1980s (Woodsworth et al., 
1985), and top i cal the sis stud ies were com pleted. The most
ger mane to ex plo ra tion in the Kalum area is prob a bly that
of Heah (1991), which deals with contractional duc tile and
su per im posed extensional de for ma tion in the Shames
River area, west of Ter race. A geo log i cal com pi la tion by
Evenchick et al., (2004) and Massey et al. (2003) pro vide
re cent syn op tic geo log i cal set tings for the Kalum area. Ge -
ol ogy west of Kalum Lake is de tailed by Downie and
Stephens (2003) on the Boot leg Ex plo ra tion prop erty. This
lat ter re port also pro vides an ex cel lent over view of min eral
ex plo ra tion ac tiv ity in the area west of Kitsumkalum Lake.
For min eral oc cur rences east of the lake, the Brit ish Co lum -
bia Min is try of En ergy and Mines MINFILE is the best
source of in for ma tion. 

Ac cord ing to Woodsworth et al. (1985), the ge ol ogy of 
the Kalum area is dom i nated by Mid dle to Late Ju ras sic ma -
rine deltaic and turbiditic strata of the Bow ser Lake Group,
as well as Lower Cre ta ceous flu vial-deltaic strata of the
Skeena Group. A small win dow of Early Ju ras sic vol ca nic
strata is pre served near the north end of Kitsumkalum Lake. 
All of these strata have been struc tur ally thick ened by
gently south and north-dip ping thrusts prior to ex ten sive in -
tru sion by mainly Cre ta ceous to Early Eocene mag matic
bod ies. Larg est of these bod ies is the huge, com pos ite Pon -
der pluton (>1500 km2 in Brit ish Columbia; Har ri son et al.,
1978; Sisson, 1985; Van der Heyden, 1989), which lies out -
side the map area to the west. Nu mer ous small in tru sive
bod ies (<10 km2) cut the de formed strata within, and east
of, the Kitsumkalum val ley. 

Tim ing of thin-skinned fold and thrust de for ma tion is
best con strained by the Skeena Group and older rocks of the 
Skeena fold belt north east of Ter race. Contractional de for -
ma tion there is as old as Late Ju ras sic (Albian to
Oxfordian), with fi nal short en ing of Lat est Cre ta ceous or
Paleocene age (Evenchick, 1991).

Struc tur ally and magmatically thick ened and ther -
mally weak ened parts of the Coast Belt con ti nen tal arc were 
sub ject to extensional col lapse in the Early Ter tiary. In the
south ern Coast Belt, this oc curred prin ci pally in Paleocene
time (Fried man and Armstrong, 1988), whereas the event is 
dated as Paleocene to Eocene in the cen tral Coast Belt near
Ter race, (Andronicos et al., 2003). Extensional col lapse fa -
cil i tated synorogenic em place ment of 60–50 Ma mag matic
rocks, which constitute 25% of the crust over thou sands of
square kilometres in ar eas west and north west of Ter race
(Andronicos et al., 2003). 

STRATIGRAPHY

Four strati graphic pack ages un der lie the Kalum area:
vol ca nic rocks cor re lated with the Early Ju ras sic Hazelton
Group (Woodsworth et al., 1985) and three clastic units be -
long ing to the over ly ing Up per Ju ras sic Bow ser Lake
Group. Vol ca nic rocks in clude pil low ba salt and struc tur -
ally over ly ing cal car e ous tuff, which are ex posed east of
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north ern Kitsumkalum Lake. These rocks have been af -
fected by at least two phases of de for ma tion (see ‘Struc ture’ 
section) and few protolith tex tures are pre served. No age
data ex ist for these rocks within the Kalum area.

Bow ser Lake Group strata in the Kalum area are dom i -
nated by one of three main lithologies: chert peb ble con -
glom er ate, sandy turbidites, or silty and car bo na ceous
argillite.

In roadcuts im me di ately west of the low moun tain be -
tween north ern Kitsumkalum Lake and the Mayo Creek

val ley (Fig. 2) are found the best ex po sures of chert peb ble
con glom er ate (Fig. 3). Here, tab u lar to lensoid con glom er -
ate units are interbedded with me dium-grained arkosic
sand stone and ar gil la ceous siltstone. Else where, chert peb -
bles are less abun dant, oc cur ring mainly within lags at the
ero sional bases of turbidite flow units. More com monly, the 
turbidite se quences are sand-dom i nated, lack ing beds or
lenses of chert peb ble con glom er ate. Turbidite suc ces sions
are light grey to rusty-weath er ing. Typ i cal turbidite se -
quences are com posed of 2–6 m thick units with bases com -
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Fig ure 2. Gen er al ized ge ol ogy of the Kitsumkalum area. Sources of in for ma tion: this pro ject, Downie and Stevens (2003), Massey et al.
(2003), and Woodsworth et al. (1985).



posed of rip-up clasts of un der ly ing, dark brown argillite.
Con glom er ate grades up into me dium to coarse-grained,
pla nar-lam i nated light grey sand stone, parts of which may
be interlaminated with milli metre-thick argillite. Lam i -
nated sand stone gives way up sec tion to cross-strat i fied,
clean lithic ar kose. Cross-strat i fied sand stone con sti tutes at 
least 50% of each fin ing-up ward unit, and they are over lain
by silty argillite in which a high con tent of car bo na ceous
ma te rial is com mon. This ar gil la ceous siltstone can at tain
thick nesses of sev eral metres in both pack ages. It is com -
monly cut by slatey cleav age at a high an gle to bed ding. In a 
few lo cal i ties, it can be mapped as a sep a rate unit, tens of
metres thick, that may in clude broad ar eas of pen cil shale.
Ther mally meta mor phosed, woody macerals can eas ily be
mis taken for mica in hand sam ples. Such meta-macerals
look like de tri tal mica that char ac ter izes the Skeena Group.
How ever, ma rine shelf and slope turbidites of the Bow ser
Lake Group can be dis tin guished on the ba sis of sed i men -
tary fa cies from flu vial units that are more typ i cal of the
Skeena Group (C. Evenchick, per sonal com mu ni ca tion,
2004).

INTRUSIVE PHASES

Semi cir cu lar plutons and tab u lar bod ies, mainly of
diorite to granodiorite com po si tion, ex ten sively in trude the
Bow ser Lake and older strata within the Kitsumkalum area. 
The vol ume of in tru sions in creases to the west, to ward the
Coast Plutonic Com plex. Rel a tive ages of the in tru sive

units are based upon cross cut ting re la tion ships, sparse geo -
chron ol ogi cal data and de gree of de for ma tion. The lat ter
cri te rion must be ap plied with cau tion be cause strong strain 
par ti tion ing can im part fab rics to youn ger or synkinematic
plutons while older, cold plutons are un af fected. The fol -
low ing in tru sive phases are listed in pre sumed order of in -
tru sion, from old est to youn gest.

Poikilitic Hornblende Tonalite

Euhedral, poikilitic hornblende pheno crysts char ac -
ter ize this tonalite, which forms the Mount Allard pluton
(Downie and Stephens, 2003; Fig. 4, unit MKtph). This
pluton is a >35 km2, ho mo ge neous body. Poikilocrysts en -
closed by hornblende are plagioclase (with strong os cil la -
tory zon ing) and opaque min er als (Fig. 4b). Litho logically
sim i lar dikes, lo cally hornblende  megacrystic, may dis play
strong fo li a tion and/or car bon ate al ter ation. The Mount
Allard pluton cuts unit MKdih. A K/Ar (hornblende) cool -
ing age of 100.2 ± 6.8 Ma re ported for this body is (Godwin, 
un pub lished in Breitsprecher and Mortensen, 2004). Al ter -
ation or pos si bly re gional low-grade meta mor phism of one
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Fig ure 3. Hornfelsed chert peb ble con glom er ate.

Fig ure 4. a) Typ i cal tex ture of poikilitic hornblende por phyry of
the Mount Allard pluton (unit MKtph). Note the weak mag matic
fab ric. b) Pho to mi cro graph of euhedral hornblende with
poikilocrysts of plagioclase and opaque min er als. Width of photo
is ~4 mm.



fresh-look ing out crop is car bon ate>prehnite~chlorite>epi -
dote>?pumpellyite+ ?zoisite.

Hornblende-Pyroxene Quartz Diorite

 A weak to strong fo li a tion and lo cal fold ing are dis -
played within this quartz diorite body (unit MKdih) in the
north west ern part of the study area, just north of Mayo
Creek. Quartz is in ter sti tial to subidiomorphic and strained
plagioclase that is weakly al tered to car bon ate, white mica
and pos si bly prehnite. Pyroxene is the dom i nant mafic min -
eral; it is glomeroporphyritic and fresh. Hornblende is ex -
ten sively al tered to chlorite and pumpellyite. Fold ing is ac -
com mo dated in part by slip along dense net works of
dis crete microfaults (Fig. 5). This body in trudes and ther -
mally meta mor pho ses strata cor re lated with the Bow ser
Lake Group, a rel a tive age that is con firmed by a U-Pb age
of 93.8 Ma (see ‘U-Pb Geo chron ol ogy’ sec tion). 

Quartz-Biotite Granite Porphyry

Quartz-bi o tite gran ite por phyry (unit Tpqb) may be the 
youn gest in tru sive phase in the Kalum area. It is ex posed at
low el e va tions in the Lit tle Ce dar River val ley, near the
LCR oc cur rence (Fig. 2). Rel a tive age is based upon a lack
of bi o tite hornfels, de for ma tion fab ric or re gional meta -
mor phic over print. Lo cally, it is host to por phyry-style cop -
per-mo lyb de num min er al iza tion (Fig. 6) and has caused
coun try rocks near its con tacts to be lo cally re placed by
sulphides (see be low).

At higher el e va tions in the Lit tle Ce dar River val ley,
off shoots of the gran ite oc cur as rusty quartz-eye por phyry
fel sic dikes (unit Tpqhb) that con tain 20% 1–3 mm tab u lar
feld spar, 6% 5 mm acicular hornblende and 5% bi o tite.
Quartz is up to 8 mm in di am e ter, coonstituting up to 5% of
the rock. Py rite is dis sem i nated through out and also oc curs
as sparse veinlets and blebs (up to 4% com bined). These
dikes ap par ently post date fold ing in   Bowser strata be cause
they par al lel the ax ial sur faces of the folds.

Kitsumkalum Pluton

Above the south east ern shores of Kitsumkalum Lake
is a me dium to coarse-grained, titaniferous metagrano -
diorite with en claves of mafic schist, the Kitsumkalum
pluton (Woodsworth et al., 1985). It is of Paleocene age
59.6 +0.2/-0.1 Ma (Gareau et al., 1997) and, no ta bly, is
much more strongly de formed than plutons dated more
than 40 m.y. youn ger.

Dikes

Four phases of dikes re peat edly cut the sed i men tary
rocks and ma jor plutons in the Kalum area. Based upon
these cross cut ting re la tion ships, rel a tive ages can be es tab -
lished. 

Sug ary aplite to graphic gran ite dikes with mi nor
dikelet off shoots, which com monly have dark grey quartz-
rich cores, oc cur in the Tuppie area, where they cut the
Mount Allard pluton.

Acicular hornblende-feld spar por phyry dikes are com -
mon re gion ally. At least one va ri ety cuts the Mount Allard
pluton and dilatent quartz-car bon ate veins (Fig. 7).

Chilled, very fine grained to apha ni tic, dark green
dikes look fresh and young, but may lo cally be af fected by
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Fig ure 5. Microfaults in unit MKdih with ap par ent dextral off set
cut a plagioclase-clinopyroxene grain bound ary. Note inter gra nu -
lar quartz at the cen ter-right edge of the photo. Width of photo is
~3 mm.

Fig ure 6. a) Sheeted quartz veins in bleached and rusty-weath er ing 
bi o tite-quartz por phyry (unit Tpqb) with dis sem i nated chal co py -
rite at the Shae oc cur rence. b) Representative view of un al tered
por phyry show ing a smokey quartz eye just above the pen cil tip.



duc tile de for ma tion. Where they cut unit JKqdi, they form a 
swarm of 1–2 m thick bod ies that con sis tently trend due
north. Rel a tive age with re spect to other in tru sive phases is
not known. 

Chilled, metre-thick lam pro phyre dikes con tain amyg -
dules of a salmon pink min eral, ten ta tively iden ti fied petro -
graphi cally as heulandite (low tem per a ture ze o lite). These
dikes cut all struc tures within Bow ser Lake strata and may
be the youn gest in tru sive unit mapped in the area.

U-PB GEOCHRONOLOGY

Ap prox i mately 30 kg of unweathered pyroxene -
hornblende quartz diorite was col lected from near the Hat
oc cur rence for determinion its crys tal li za tion age using the
isotope di lu tion – thermal ionization mass spectrometry 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, Uni ver sity of
Brit ish Co lum bia. Min eral sep a ra tion and U-Pb an a lyt i cal
tech niques are given in Fried man et al. (2001). Re sults are
plot ted on a stan dard con cordia di a gram (Fig. 8) and listed
in Table 1. 

Re sults for five multigrain zir con frac tions in ter sect
the con cordia be tween about 93 and 94 Ma. Slightly youn -
ger ages are at trib uted to very mi nor Pb loss, given the
1000–1800 ppm ura nium con cen tra tions of these zir cons.
A pre ferred age es ti mate of 93.8 ± 0.5 Ma is based on
206Pb/238U re sults for the three old est con cor dant and over -
lap ping frac tions, B, C and D. 

STRUCTURE

All lay ered rocks within the Kalum area have been af -
fected by at least one phase of fold ing. Folds are open to
close, al though intrafolial isoclines are de vel oped in the
most duc tile zones (Fig. 9). Fault ing is com mon and ob vi -
ous within both the  Bowser Lake  strata  and the in tru sive
bod ies. 

Both con cen tric and sim i lar fold styles are rec og nized
within strata cor re lated with the  Bowser Lake.  Com pe -
tent sand stone lay ers tend to act as beams and form con cen -
tric folds, ex cept where they have folded at el e vated tem -
per a tures. Ar gil la ceous units tend to form sim i lar folds,
es pe cially where gra phitic. Intrafolial mo tion is ubiq ui tous
within gra phitic argillite, and these units are typ i cally the
lo cus of thrust fault flats.

Thrust  faults de vel oped within  the Bowser Lake  can
be iden ti fied in di rectly in in com pletely ex posed and iso -
clin ally folded stra tig ra phy, where ap par ent fold limbs on
ei ther side of a hinge zone both face in the same di rec tion.
Thrust faults can be ob served di rectly where they fol low
sheared bed ding planes and then ramp upsection. Ori en ta -
tions of dilatent veins in the hangingwall of bed ding-par al -
lel faults can also be used to con firm thrust mo tion
(Fig. 107). In rare in stances, du plex struc tures with horses
on the scale of metres to tens of metres long are well ex -
posed. Slick en sides on slip planes are less re li able in di ca -
tors of thrust mo tion be cause they can also be formed by
flex ural slip, par tic u larly in con cen tric folds, or dur ing late
mi nor fault mo tion re lated to unroofing or deglaciation. 
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Fig ure 8. Con cordia plot show ing re sults for five zir con frac tions
from unit MKdih. The pre ferred in ter preted age is 93.8 +/-0.5 Ma.

Fig ure 9. Trans posed lay er ing and intrafolial isoclines near the
east ern shore of north ern Kitsumkalum Lake.

Fig ure 7. Acicular hornblende por phyry dike cuts dilatent veins
and older mafic dike at the Tuppie oc cur rence.



LCR-Shae Area

 Bowser Lake strata are in truded  by quartz-phyric
dikes, sills and stocks on the ridges above the LCR pros -
pect. Good ex po sures ex tend for ~3 km east ward along the
ridge from its con tact with a body of hornblende-bi o tite
grano diorite plus quartz diorite. Here, the Bowser strata are
dom i n ated by turbiditic units. Up right, open, north-
northeast- trending con cen tric folds are in truded in their
hinge zones by axis-par al lel, rusty-weath er ing py ritic dikes 
that range in thick ness from 1 to 5 m (in tru sive unit Tpqhb).
Far ther west, folds ap par ently are of higher am pli tude, with 
some fold axes oc cu pied by thrust faults. At treeline to the
east, an ~10 m thick sill (ori ented 330°/30°E) is cut by a
steeply dip ping southeast-trending fault (133°/82°S) with
south east-side-down sense of mo tion (based on mapped
off set in con cert with slick en sides on the fault sur face). A
strong lin ea ment, which out lines the creek along which
min er al iza tion at the LCR is ex posed, ex tends to a sad dle in
the ridge near UTM easting 501500 (Fig. 2) that is oc cu pied 
by rusty-weath er ing ar gil la ceous siltstone felsenmeer. No
ob vi ous change in li thol ogy or in bed ding ori en ta tion oc -
curs across the sad dle; how ever, it does mark the east ern
limit of a zone of abun dant dikes (rusty dikes of in tru sive
unit Tpqhb) with av er age ori en ta tions of ~200°/60°W. This 
ori en ta tion is par al lel to fold hinges, sug gest ing a struc tural
con trol.
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Fig ure 10. Dilatent quartz gash veins above thrust fault (at yel low
ham mer) in di cate top-up-to-right (south) sense of mo tion, which is 
con sis tent with flat-ramp con fig u ra tion (out side field of view).

Fraction1
Wt U2 Pb*3 206Pb4 Pb5 208Pb6 Isotopic ratios (1 ,%) 7 Apparent ages (2 ,Ma) 7

mg ppm ppm
204Pb pg

206Pb/238U 207Pb/235U 207Pb/206Pb 206Pb/238U 207Pb/235U 207Pb/206Pb

Hat Zone intrusion: age estimate of 93.8 ± 0.5 Ma based on  206Pb/238U dates for fractions B,  C and D.

B 6 0.014 1087 17 2216 6 17.7 0.01466 (0.11) 0.0967 (0.43) 0.04786 (0.39) 93.8 (0.2) 93.8 (0.8) 93 (18)

C 11 0.017 1232 20 5377 4 17.8 0.01462 (0.10) 0.0967 (0.27) 0.04796 (0.23) 93.5 (0.2) 93.7 (0.5) 97 (11)

D 8 0.012 1016 16 2281 5 17.0 0.01464 (0.27) 0.0970 (0.66) 0.04808 (0.59) 93.7 (0.5) 94.0 (1.2) 103 (28)

E 8 0.010 969 15 1004 9 18.0 0.01454 (0.14) 0.0963 (0.64) 0.04802 (0.60) 93.1 (0.3) 93.3 (1.2) 101 (28)

F 27 0.012 1784 28 5013 4 16.9 0.01451 (0.11) 0.0959 (0.22) 0.04796 (0.15) 92.9 (0.2) 93.0 (0.4) 97.1 (7.2)

TABLE 1. ID-TIMS U-PB ANALYTICAL DATA FOR THE HAT ZONE PYROXENE-HORNBLENDE
QUARTZ DIORITE

1 Upper case letter is zircon fraction identifier.  All fractions were air abraded, with at least 20% volume removed.  Selected zircons were 

greater than 100 micrometers, (dimension of longest axis), and were clear, pale pink, stubby prisms and tabular grains.  Selected grains also 

contained internal c-axis parallel tubes extending much of their length.  All grains were selected from the most non-magnetic split 

(nonmagnetic at 2 degrees sideslope and 2 amperes field strength on Franz™ magnetic separator; front slope 15 degrees). Progressively 

finer grains were selected for B-E; F comprises pieces of grains broken during abrasion.  In the left column of the table each fraction is 

followed by the number of grains or grain fragmants dissolved.
2 U blank correction of 1pg  ± 20%; U fractionation corrections were measured for each run with a double 233U-235U spike (about 

0.004/amu).
3Radiogenic Pb
4Measured ratio corrected for spike and Pb fractionation of 0.0037/amu ± 20% (Daly collector) which was determined by repeated analysis 

of NBS Pb 981 standard throughout the course of this study.
5Total common Pb in analysis based on blank isotopic composition.
6Radiogenic Pb
7Blank Pb was 1-3 pg throughout the course of this study; U <1 pg; common Pb composition for corrections based on Stacey Kramers 

(1975) model Pb at the age of the rock or the 207Pb/206Pb age of the rock.



Mount Allard – Tuppie area 

A weak mag matic fo li a tion is com mon in the ho mo ge -
neous Mount Allard pluton, but tec tonic fab rics are also de -
vel oped lo cally. For ex am ple, a scaly brit tle fab ric oc curs in 
zones of chlorite al ter ation and mag ne tite de struc tion that
are metres to tens of metres thick. These zones ter mi nate at
dis creet brit tle faults, mea sured in  one lo cal ity at
~345°/75°E. Brit tle fault zones, with scaly chlorite, cut
belts of ex ten sive car bon ate al ter ation within the pluton
(Fig. 14). Car bon ate al ter ation belts are range from sev eral
metres to ~12 m in thickness and are de vel oped around sets
of par al lel quartz-car bon ate veins that are gen er ally less
than 5 cm thick and ori ented ~120°/80°S (Fig. 12). 

Hat area

De for ma tion within the Hat area has re sulted in open to 
close folds within turbiditic sand stone cor re lated with the
Bowser strata.  Tight  intrafolial  isoclines oc cur in rusty ar -

gil la ceous strata and sug gest that iso cli nal fold ing has af -
fected this fine-grained unit, at least at an out crop scale.
Folded strata are in truded by hornblende-pyroxene quartz
diorite of unit MKdih, which has also been folded and is the
dom i nant host to min er al iza tion in the Hat area. Many min -
er al ized veins dip at shal low an gles and are clearly de vel -
oped along brit tle shears that dip shal lowly to the north
(~300° /30°N, 230° /20°N; Fig. 11, 13) and south
(110°/30°S). At one lo cal ity, veins within the car bon ate al -
ter ation zone ap pear folded and rodded (320°/20°N;
Fig. 14). This type of fold ing may be re stricted to hinge
zones of folds that have straight limbs (cf. Fig. 13). If this is
cor rect, the dom i nant limbs are north dip ping, sug gest ing
an over all south vergence.

East of Kitsumkalum Lake 

Rocks east of Kitsumkalum Lake are af fected by duc -
tile fab rics de vel oped dur ing at least two deformational
events. These fab rics are well dis played by the bor der
phases of the Kitsumkalum pluton. A per va sive strong fo li -
a tion of ~200°/50°W (vari able) con tains a per sis tent min -
eral lineation ~250°/45°. Lo cally de vel oped C^S fab rics in -
di cate top-to-the-west sense of mo tion. Late brit tle faults
are ori ented ~350°/60°E. All fab rics that af fect the pluton
must be youn ger than the age of the body, which is re ported
as 59.6 +0.2/-0.1 Ma (Gareau et al., 1997).

East of the north end of Kitsumkalum Lake, ret ro -
graded cal car e ous chlorite schist (see next sec tion) is de -
formed into south-verg ing, re cum bent folds. Mi nor fold
hinges de fined by re ces sive car bon ate lay ers, as well as
ptygmatically folded quartz veins, dis play a dom i nant
hinge ori en ta tion of ~070°/25°S. Subparallel with the long
limbs of the en vel op ing folds are thrust faults (ori ented
~240°/55°N) that were likely ac tive dur ing the fold ing
event. Gash veins in the hang ing walls of the thrusts are
con sis tent with top-to-the-south mo tion on the thrust faults. 
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Fig ure 11.  Green, chlorite-al tered brit tle fault cuts or ange car bon -
ate al ter ation en ve lope around quartz veins.

Fig ure 13.  North-dip ping car bon ate al ter ation zones on near ho ri -
zon and on dark ridge be yond (north is to the right). Such zones
host quartz-sul phide veins (ar seno py rite-py rite-sphalerite-chal co -
py rite-ga lena).

Fig ure 12.  Car bon ate al ter ation of unit MKtph. In set shows one of
a mi nor ity of veins that  are  com posed of euhedral quartz crys tals
grow ing into a cav ity that was later infilled with cal cite.



Folds with long limbs and tight hinges are typ i cal of
the sed i men tary rocks host ing min er al iza tion near the
Black Wolf pros pect, on the north flank of Ma roon Moun -
tain (see be low). Min er al ized veins ap pear to largely post -
date this tight fold ing and fol low the fo li a tion that is at a low 
an gle to bed ding on the long limbs. Thus, veins ap pear in
many places to be nearly con cor dant. These tight folds are,
in turn, folded by an open kilometre-scale antiform with an
east-north east-trending ax ial trace (approximately par al lel
to Wasach Creek) that is in ter preted based upon bed ding
ori en ta tions visible in airphotos and north west-strik ing
lay ers north of Wasach Creek.

METAMORPHISM

Bi o tite hornfels is the most com mon meta mor phic fa -
cies within the Kalum area. Out side of the ther mal meta -
mor phic au re oles, a change in re gional meta mor phic grade
oc curs, with in creases both west and east of the Kalum area. 
For ex am ple, sillimanite and granulite grades are at tained
to the west, within the Coast Belt (Sisson, 1985). East of
north ern Kitsumkalum Lake, ret ro grade spot ted chlorite
schist con tains relicts of an da lu site porphyroblasts with in -
ter nal schistosity that is dis cor dant with re spect to the en -
clos ing schistosity. In con trast, near Sand Lake to the north 
or along the Cop per River to the south east (Mihalynuk and

Ghent, 1996), strata are meta mor phosed only to ze o lite fa -
cies.

MINERALIZATION

Min eral oc cur rences near Kitsumkalum Lake were ex -
am ined dur ing this study. Many are lo cated on the Kalum
and LCR prop er ties held by Ea gle Plains Re sources and
oth ers on four crown grants on Ma roon Moun tain. We also
re port on newly dis cov ered min er al iza tion at the Shae oc -
cur rence, as well as newly dis cov ered veins near the Hat
pros pect. 

We in ves ti gated four styles of min er al iza tion in the
Kitsumkalum Lake area: 

· Type 1:  por phyry-style cop per-mo lyb de num-zinc
vein stockworks in quartz-bi o tite gran ite por phyry at
the Shea oc cur rence, and in ad ja cent coun try rocks 

· Type 2: semimassive sul phide re place ment cop per-
zinc-mo lyb de num min er al iza tion in clastic coun try
rocks at the Shea oc cur rence 

· Type 3: quartz-polymetallic sul phide veins (zinc, lead,
cop per-sil ver-gold-ar senic), com monly within a car -
bon ate en ve lope in an in tru sive host at the the Hat and
Tuppie oc cur rences 
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Fig ure 15. Well-bed ded argillite in core of tight fold with straight
limbs. Out side of fold is con glom er ate. Clast elon ga tion
(050°/20°) is ap prox i mately par al lel to re sis tant ridges un der lain
by con glom er ate.

Fig ure 14. Car bon ate al ter ation zone be tween the Hat and Chris
pros pects. This zone is more than 12 m thick and con tains sev eral
ar seno py rite-py rite-sphalerite-ga lena-chalcopyrite–bearing
quartz-car bon ate veins. Quartz rods in the fore ground may have
been pro duced by post-vein fold ing.



· Type 4: lead-sil ver-gold veins, com monly in an
argillite ma trix; at the Guld, Gold Cap, Bear and Black
Wolf oc cur rences

A vari a tion of type 3 min er al iza tion is seen at the
Kalum Lake pros pect, with el e vated bis muth val ues, more
typ i cal of in tru sive-re lated gold de pos its.

Kalum Property

Three main styles of min er al iza tion are seen on the
Kalum prop erty, west of Kitsumkalum Lake. One style of
min er al iza tion is a stockwork of quartz veins that con tain
sulphides, mainly chal co py rite and py rite, and ap pre cia ble
mo lyb de nite (type 1), south of the Lit tle Ce dar River
(LCR). It is known as the Macex or LCR. A sec ond style of
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Element Au Ag As Ba Fe Sb Sc    W Zn La

Units ppb ppm ppm ppm   %  ppm ppm ppm ppm ppm

Field Detect limit 2 5 0.5 50 0.02 0.1 0.1 1 50 0.1

Number Sample Type Easting Northing

MMI04-44-20 LCR at PWLCV3 500784 6082170 27 -5 7.0 -50 2.72 1.5 0.6 -1 117 -0.5

MMI04-44-24 Shae sulphide blocks 501065 6082814 60 -5 5.8 240 13.7 1.7 8.9 -1 -50 15.2

MMI04-45-7 Kalum 65cm vein 512513 6066613 2305 214 427 -280 2.32 3270 0.5 -2 324 -0.5

MMI04-47-10 Tuppie qtz-py-cc (dike) 504653 6067933 8 9 27.4 780 3.61 12.5 9.5 6 183 -0.5

MMI04-47-10b Tuppie qtz-sulphide vein 504653 6067933 880 44 11000 -310 1.41 2470 2.6 -2 9320 4.4

MMI04-47-8 Tuppie qtz-sulphide vein 504609 6068011 29 -5 296 -50 6.32 12.0 3.5 3 906 3.3

MMI04-48-10 Tojo -block from buttress 499833 6071878 1670 206 157 -50 1.79 676 2.2 7 5580 -0.5

MMI04-48-12b Tojo -block from buttress 499680 6071795 1610 -24 42400 -650 8.51 -4.1 15.2 -4 -70 8.1

MMI04-48-13 Hat qtz-sulphide (aspy) 499559 6071473 1540 -30 93600 -970 10.3 -6.1 2.9 91 -87 -0.6

MMI04-48-14 Hat qtz-sulphide bx 499610 6071522 615 53 87.0 -50 4.96 61.3 2.8 -1 38200 -0.5

MMI04-48-14b Hat qtz-sulphide bx block 499610 6071522 349 85 427 -50 2.14 141 1.5 -1 6130 0.9

MMI04-48-2 Hat E - carbonate altered 501186 6071889 6 -5 90.2 200 3.20 73.0 5.2 140 100 2.6

MMI04-48-3 Hat E - qtz-chl-? (black) 501275 6072040 453 -5 96.6 -50 1.52 3.7 0.8 3 63 1.4

MMI04-49-2 " 76cm chip, 62cm vein 500274 6071433 974 -12 26100 -380 9.19 208 3.8 1300 5300 8.9

MMI04-49-4 Hat E - qtz-gn vein 500186 6071472 47 8 71.4 170 1.45 13.3 1.2 7 265 2.1

MMI04-49-5 77cm chip, 42cm vein 500180 6071552 29 9 44.5 315 3.76 9.3 5.6 22 854 4.3

MMI04-49-8 4-22cm bx qtz-sulphide 499602 6071658 2220 56 765 581 3.96 27.3 10.4 16 32700 2.9

MMI04-49-8b 20 cm vein in block 499602 6071658 1450 194 15200 1100 4.50 284 3.4 294 51200 15.3

MMI04-49-9 Hat -sheared aspy-qtz 499620 6071620 1420 -14 23300 -245 6.68 24.6 20.8 49 11700 13.8

MMI04-50-5 grab - Kalum 515131 6072073 2940 -5 9.9 -35 6.08 2.0 27.0 -1 -50 4.2

MMI04-51-10 grab - Shae/LCR 501529 6082792 10 -5 5.5 301 1.00 0.3 1.5 -1 84 3.5

MMI04-51-5 grab - Big Joe 510211 6089930 166 -5 189 595 8.60 4.6 2.2 11 -50 16.5

MMI04-51-8 grab - Shae 502207 6082773 17 -5 6.1 126 8.36 0.3 15.4 6 130 13.1

MMI04-52-15 grab - Bear 10m trench/adit 522686 6074653 56200 129 78.8 -50 2.35 72.8 1.9 -1 297 1.8

MMI04-52-15R grab - Bear 10m trench/adit 522686 6074653 55300 156 75.7 200 1.75 108 1.8 -1 286 1.7

MMI04-52-4 Hat -grab 1.3m bx vein 499669 6071516 462 104 345 -50 1.35 62.7 0.8 4 310 0.8

RFR04-3-13 grab - small adit 521922 6074080 57500 169 40.5 840 14.6 152 5.2 -1 27700 5.9

RFR04-3-9 grab - Black Wolf adit 521841 6073893 7600 104 225 -50 3.79 123 0.5 -1 5990 -0.5

QC

GSB Till 99 Std. 66 -5 55.4 590 6.0 14.1 23.6 -1 418 -0.5

GSB Till 99 Std. 31 -5 50.1 990 6.2 10.9 23.6 -1 311 25.4

GSB Till 99 Std. 38 -5 62.7 810 6.2 14.4 23.4 -1 319 -0.5

Mean 45 -5 56.1 797 6.1 13 24 -1 349 8

SD 19 0 6.3 200 0.1 2 0 0 60 15

% RSD 42 0 11.3 25 1.5 15 0 0 17 184

GSB Till 99 Recom. Values 32 -5 61.7 827 8.2 13.4 29.9 -1 390 30.8

58070 MMI04-52-15 56200 129 78.8 -50 2.4 72.8 1.9 -1 297 1.8

58076 MMI04-52-15R 55300 156 75.7 200 1.8 108 1.8 -1 286 1.7

% Difference 1.6 18.9 4.0 333.3 29.3 38.9 5.4 0.0 3.8 5.7

58133 MMI04-35-6 4 -5 13.1 950 3.9 1.7 9.9 -1 110 6.6

58136 MMI04-35-6R 15 -5 4.9 950 3.6 3.5 9.5 -1 116 6.0

% Difference 114 0 91.1 0 7.7 69.23 4.1 0 5.3 9.5

TABLE 2. INAA RESULTS FOR SELECTED ELEMENTS AND SELECTED SAMPLES

Ta ble Notes: Co or di nates are UTM Zone 9, NAD83
A full list of sam ples and el e ments an a lyzed can be ob tained for both INAA (Ta ble 2) and ICP-ES (Ta ble 3) suites from:
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/catfldwk.htm
QC = Qual ity Control
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min er al iza tion was dis cov ered near the LCR prop erty.
Called the Shae oc cur rence, this min er al iza tion is mas sive
sul phide re place ment of clastic strata (type 2; Fig. 16, 17).
It is at trib uted to a min er al ized quartz-bi o tite gran ite por -
phyry (Fig. 18) that might also be re spon si ble for
stockwork vein ing at the LCR. The most widely de vel oped
style of min er al iza tion is base-metal sul phide-quartz (±car -
bon ate) veins and net works of veins re lated to brecciation
and shear ing within zones of car bon ate al ter ation (type 3;
Fig. 19, 20).

Other zones of type 3 min er al iza tion were dis cov ered
dur ing map ping, mainly be tween the Hat and Chris oc cur -
rences, in ar eas re cently ex posed by the thaw of multiyear
snow pack. There, ad di tional ar seno py rite and base-metal
sul phide veins within car bon ate al ter ation zones were dis -
cov ered (Fig. 17, 18). 

HAT AREA

Tab u lar car bon ate al ter ation zones are com mon be -
tween the Hat and Chris pros pects. Chlorite-al tered and
folded hornblende- pyroxene quartz diorite is the main
hostrock for min er al ized veins in the Hat area. These zones
range up to more than 12 m thick and typ i cally con tain mul -
ti ple ar seno py rite-py rite-sphalerite-ga lena-chalcopyrite–
bearing quartz-car bon ate veins (type 3). Min er al ized
quartz veins are com monly banded and brecciated, and
form two sets, mainly ori ented at low to mod er ate an gles.
Min er al iza tion in low-an gle veins oc curs as mas sive
coarse- grained sul phide (Fig. 19) or as mats of ar seno py rite 
nee dles that may be intergrown with sphalerite, ga lena and
mi nor chal co py rite (Fig. 20). One of the most im pres sive
veins dis cov ered dur ing map ping was an ~20 cm thick vein
consisting mainly of coarsely crys tal line ar seno py rite,
lesser sphalerite, ga lena and chal co py rite, and bro ken
quartz prisms, orig i nally >10 cm long. Veins have been
folded and sheared, and some sulphides ap pear to have
been mo bi lized dur ing these events, as in di cated by the oc -
cur rence of chal co py rite in microfactures ori ented per pen -
dic u lar to shear band ing. Late gash veins ori ented at a steep
an gle to the main sheared veins are gen er ally not well min -
er al ized.

LCR AREA – NEW SHAE OCCURRENCE

A log ging road crosses an over grown clearcut at an el e -
va tion in ter me di ate be tween the main LCR min er al ized
zone and the Lit tle Ce dar River. An gu lar, rusty, sul phide-
rich boul ders con tain ing up to 30% pyrrhotite and 2% chal -
co py rite were found near the west ern ter mi na tion of this
road. Sim i lar boul ders were traced along the road bed and
col lu vial banks for ap prox i mately 1.3 km to the east, down
the val ley to a min er al ized out crop (Fig. 14). This min er al -
iza tion con sti tutes the Shae oc cur rence. The pres ence of
min er al ized boul ders up stream and ‘up-ice’ of the known
min er al ized out crops sug gests that the boul ders have not
been trans ported by ei ther river wa ter or gla cial ac tiv ity.
Con se quently, a large min er al iz ing sys tem is in di cated. 

Ap prox i mately mid way be tween the end of the road
and the east ern most min er al ized out crop (Fig. 16) is an ex -
po sure of bi o tite-quartz gran ite por phyry (unit Tqbp;
Fig. 2, 18) with py rite-chal co py rite dis sem i nated through -

out and con cen trated in a hy dro ther mal brec cia zone
roughly 20 cm thick. Mas sive sul phide re place ment-style
min er al iza tion (Fig. 16) in out crop and boul ders is at trib -
uted to this min er al ized por phyry body. A rep re sen ta tive
sam ple of the mas sive sul phide re turned 2895 ppm Cu,
1303 ppb Ag, 157 ppm Mo (0.28% Cu, 1.3 g/t Ag, 0.015%
Mo) and a trace of Au (57 ppb; Ta ble 3, sam ple MMI04-44-
24). The oc cur rence of min er al iza tion over a dis tance of
more than 1300 m in di cates the Shae may be part of a large
min er al iz ing sys tem that war rants fur ther in ves ti ga tion.

Iso lated veins and vein stockworks at the LCR lack
iron-stained car bon ate al ter ation ha los that ac com pany the
base-pre cious metal veins else where on the prop erty. In -
stead, a grey clay-rich (?) halo ap pears to en velop some of
the veins (these veins were not an a lyzed in de tail, nor were
they sam pled for petrographic anal y sis). Vein ing at the
LCR may be re lated to the min er al iz ing in tru sion at the
Shae oc cur rence.
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Fig ure 17. Re flected-light pho to mi cro graph of re place ment-style
min er al iza tion at the Shae oc cur rence. Yel low chal co py rite with
light grey in clu sion of sphalerite; white min eral is py rite; dark grey 
is gangue, mostly quartz. Field of view is ~0.9 mm.

Fig ure 16. Rich Fried man on a low roadcut out crop of sul phide re -
place ment-style min er al iza tion at the new Shae oc cur rence.



TUPPIE AREA MINERALIZATION

The Tuppie show ing is lo cated at the west ern con tact
of the Mount Allard pluton, mainly in hornfelsed coun try
rocks that are ex ten sively cross cut by dikes. Petro graphic
ob ser va tions show that per va sive chlorite al ter ation post-
dates car bon ate al ter ation in some parts of the pluton. At the 
Tuppie show ing,  how ever,  poikil it ic hornblende
megacrystic dikes are chlorite al tered and then over printed
by car bon ate al ter ation. In ten sity of over print ing cor re lates 
with in ten sity of fo li a tion fab ric de vel op ment, which in -
creases near the sheared and strongly lineated east ern con -
tact (150°/20°). Sil ica and sulphides have ac cu mu lated at
the east ern con tact of one dike, prob a bly late dur ing the
deformational ep i sode be cause both are brecciated and an -
nealed by quartz-car bon ate and sul phide. A sam ple of fo li -
ated dike re turned 6800 ppb Ag, in con trast to the im me di -
ately ad ja cent brecciated quartz vein that re turned
27 454 ppb Ag and 636 ppb Au (Ta ble 3, sam ples MMI04-
47-10, 10b).

Zones of cryp tic brecciation, up to 5 m across, oc cur
within rusty, hornfelsed argillite. Black and rust, finely
crys tal line sil ica has flooded these zones. One grab sam ple
of brec cia re turned val ues of 4400 ppb Ag (sam ple not
listed in Ta ble 2 or 3), in di cat ing that such zones war rant
fur ther pros pect ing. 

Maroon Mountain 

Min er al iza tion on the north flank of Ma roon Moun tain 
in cludes au rif er ous quartz and base-metal sul phide veins
(type 4) that oc cur along a sec tion a low ridge un der lain
near treeline by re sis tant con glom er ate lay ers. Four oc cur -
rences listed in MINFILE are found along the north east-
trending ridge: Guld, Gold Cap, Bear and Black Wolf (from 
north east to south west, MINFILE #103I181, 028, 029,
030). Most MINFILE de scrip tions re fer to the veins as con -
cor dant be low a 35–75 m thick con glom er ate layer.
However, the con glom er ate layer is tightly folded with
hinges and clast elon ga tion ap prox i mately par al lel the
north west-trending (057º) ridge. The veins ap pear to
largely post date this fold ing and fol low the fo li a tion, which 
is at a low an gle to bed ding on the long limb.

Best as says were re turned from two ga lena-rich quartz
veins sep a rated by an along-strike dis tance of 950 m (each
about equi dis tant from the re corded lo ca tion of the Bear oc -
cur rence; MINFILE 103I029). These are in the range
56 200 to >100 000 ppb Au (sam ples MMI04-52-15,
RFR04- 3-13; Ta bles 2 and 3). Ori en ta tion of the north ern
vein is 054°/58°S. It is a drusy, 35 cm thick, multistrand
quartz-ga lena vein within gra phitic phyllite. This vein is
ad ja cent to a late, north-north west-trending, high-an gle
fault with un de ter mined sense of mo tion.

Hadenschild Creek Graphite

High way ex po sures of well-lay ered sed i men tary strata 
im me di ately west of Hadenschild Creek are ex ten sively cut 
by bed ding-par al lel faults. Typ i cally, the faults are lo cal -
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Fig ure 20. Highly re flec tive, slightly cor roded, blue-white
acicular nee dles of ar seno py rite, with di a mond-shaped cross-sec -
tions, idiomorphic within white py rite and yel low ish chal co py rite. 
Field of view ~0.9 mm.

Fig ure 18. Pho to mi cro graph of Fe-ox ide > chal co py rite ce mented
brec cia zones (BX) within quartz-eye bi o tite por phyry at the Shae
oc cur rence. Field of view is ap prox i mately 4 mm. 

Fig ure 19. Jesse Camp bell at a newly dis cov ered ~15 cm thick ar -
seno py rite vein . This min er al iza tion is ex posed be cause of re cord-
break ing thaws. Note relicts of the rap idly melt ing gla cier in im -
me di ate back ground. A sam ple of the mas sive ar seno py rite vein is
shown in the in set.



ized in car bo na ceous strata. Some dis play 30–50 cm of
gouge, and within these fault zones are seams of graph ite,
com monly 20 cm thick. Im pu ri ties are lo cally scarce and
are mainly cal cite veinlets or frag mented veinlets. Graph ite
in the thick est seams is a ho mog e neous shiny grey and lacks 
ani so tropy. Graph ite qual ity test re sults are pend ing. 

GEOCHEMICAL ANALYSES OF
MINERAL OCCURRENCES

Keep ing in mind the de gree of an a lyt i cal un cer tainty
for the ICP-ES and INAA anal y ses, some pre lim i nary con -
clu sions can be drawn. First, many of the min eral oc cur -
rences con tain sig nif i cant Au val ues. In fact, more than half 
of the 54 sam ples col lected con tain anom a lous con cen tra -
tions (greater than 40 ppb Au by ICP-ES). This in cludes
min eral oc cur rences on both sides of Kitsumkalum Lake.
For ex am ple, min er al ized pros pects on Ma roon Moun tain
yield con sis tently high Au val ues. Sur pris ingly, these are
higher than val ues re ported in MINFILE. Similar lode
veins in the area to the north are the likely source of placer
gold in Douglas Creek, which has been re cov ered since the
late 1800s. 

INTRUSIVE-RELATED GOLD MODEL

Gold de pos its that form dur ing in tru sion of magma
into sed i men tary strata rank amongst the larg est known res -
er voirs of gold in the Earth’s crust. These de pos its fall into
two ma jor cat e go ries: 1) those hosted within or im me di -
ately ad ja cent to the in tru sions (i.e., the in tru sion-re -
lated/hosted or ther mal au re ole de pos its); and 2) those
hosted in sed i men tary rocks, some of them many kilo -
metres from the near est known in tru sion (i.e., the sed i ment
hosted/Carlin type de pos its; e.g., Lefebure and Ray, 1995).
Con tained gold val ues can be hun dreds to thou sands of
tonnes. Fa mous sed i ment-hosted de pos its, such as Marun -
tau in Uzbekistan (>5000 t; Morelli, 2004), Telfer in Aus -
tra lia (>450 t; Rowins et al., 1997), and de pos its of the
Carlin trend in Ne vada (Carlin, 320 t; Betze, ~1000 t;
Meikle, >200 t; ) tend to have grades in the range 3–14 g/t.
In tru sion-hosted de pos its, such as Kori Kollo in Bolivia
(160 t; Long et al., 1992), Fort Knox and Donlin Creek in
Alaska (>200 t, Bakke, 1995; 775 t, Goldfarb et al., 2004),
or Dub lin Gulch in Yu kon (46.5 t, Yu kon EMR, 2004) typ i -
cally have gold grades around 0.5–3 g/t. 

The role of mag matic flu ids in sour cing and car ry ing
gold is dis puted, al though most work ers agree that in tru -
sions pro vide the ther mal gra di ent re quired to drive these
min er al iz ing sys tems. Ex plo ra tion for such de pos its is
guided re gion ally by their as so ci a tion with placer de pos its
and high-grade lodes (e.g., Dub lin Gulch). Geo chem i cal
as so ci a tions are el e vated Au, Bi, Te, W ± (Mo, As, Pb)
within or ad ja cent to the in tru sion, and Au-As-Sb-Hg±(Ag, 
Pb, Zn) in dis tal de pos its (Hart et al., 2000, 2002). Cur -
rently ac cepted, broad ap pli ca tion of the in tru sive-re lated
gold model in cludes dis tal, base, and pre cious metal veins
(Au, Pb, Zn, As, Sb, Hg; Lang and Baker, 2001), which may 
point to a pro spec tive in tru sive sys tem, if lack ing merit as
the base metal veins com monly do, in terns of grade and

ton nage. Min er al iz ing flu ids are re duced, with ore min eral
as sem blages con tain ing ar seno py rite, py rite or pyrrhotite,
and lack ing Fe-ox ides. How ever, sul phide con tents tend to
be low over all (<5%; Lang and Baker, 2001). Car bon-di ox -
ide–rich fluid exsolution dur ing magma crys tal li za tion
may be crit i cal in destabilizing other lig ands (e.g.,
bisulphide) that are re spon si ble for Au sol u bil ity
(Lowenstern, 2001). Ev i dence of car bonic fluid in ter ac tion
is the o ret i cally pre dicted and em pir i cally ver i fied in known 
de pos its (Baker and Lang, 2001). Gold-rich in tru sive sys -
tems have po ten tial for huge gold re sources. Con se quently,
they are at trac tive ex plo ra tion tar gets. Fea tures of min er al -
iza tion in the Kalum area, par tic u larly type 3 sul phide veins 
with car bon ate al ter ation en ve lopes, are sim i lar to those
found within pro duc ing in tru sion-re lated de pos its. 

DISCUSSION

By far the most com mon type of min er al iza tion in the
Kitsumkalum Lake area is polymetallic sul phide veins
(type 3). These oc cur within and ad ja cent to both the Mount 
Allard pluton and diorite at the Hat oc cur rence. The in ten -
sity of car bon ate al ter ation (±sul phide min er al iza tion) may
be en hanced by strain lo cal iza tion within the al ter ation
zone. Quartz-car bon ate vein ing in the Mount Allard pluton
is not folded, but fold ing has def i nitely af fected at least
some of the veins in the Hat diorite. Fold styles may be sim -
i lar to those seen on north ern Kitsum kalum Lake and
Maroon Moun tain: long, fairly straight limbs and tight, rel -
a tively con vo lute hinges. How ever, our struc tural in ves ti -
ga tion was not ex ten sive enough to per mit un equiv o cal de -
ter mi na tion of the source of veins in the Hat in tru sion. A
pos si ble link age be tween min er al iza tion and extensional
struc tures needs to be fur ther eval u ated. 

We orig i nally con sid ered the Hat diorite to be older
than the Mount Allard pluton be cause it is more strongly
de formed. How ever, avail able iso to pic age data, if cor rect,
in di cate an in verse re la tion ship be tween the de gree of de -
for ma tion and age of the in tru sive body. Three age de ter mi -
na tions are avail able for in tru sive rocks in the Kalum area:
a cool ing age of 100.2 ± 6.8 Ma for the rel a tively unde -
formed Mount Allard pluton (Godwin, in Breitsprecher and 
Mortensen, 2004); 93.8 ± 0.5 Ma for the Hat diorite (re -
ported here); and 59.6 +0.2/-0.1 Ma (Gareau et al., 1997)
for the strongly de formed North Kitsumkalum pluton.
These re la tion ships show that de for ma tion did out last
Early Eocene plutonism. They also in di cate that the de gree
of de for ma tion in these bod ies may be de ter mined more by
how much the pluton has cooled prior to de for ma tion, or
prox im ity to a duc tile fault zone, than by how much/many
of the deformational ep i sode(s) the in tru sion has ex pe ri -
enced.

Polymetallic quartz-car bon ate veins and al ter ation
zones cut ther mal meta mor phic ha los and plutons at least as 
young as the Mount Allard pluton. Min er al iza tion can not
be at trib uted to the phases of the Mount Allard pluton that
are cut by min er al ized veins. How ever, exsolved flu ids re -
lated to late crys tal li za tion of an in te rior phase of the pluton
could ex plain veins within the roof of the pluton (cf. Clear
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Creek in the Yu kon; Marsh et al., 2003). It is more dif fi cult
to at trib ute veins near the Hat pros pect to the same in tru sive 
source be cause the plutonic hostrocks there are clearly of a
dif fer ent com po si tion. 

Is epi ther mal vein ing re lated to (extensional) de for ma -
tion a rea son able al ter nate to in tru sion-re lated gold veins?
Rapid changes in meta mor phic grade and struc tural level,
es pe cially well dis played in the Kitsumkalum val ley, are
hall marks of an ex tended ter rain. Jux ta po si tion of low-
grade rocks atop hot ter, deeper level rocks through struc -
tural omis sion dur ing extensional fault ing could ex plain
the lack of an in tru sive body to which broad ther mal meta -
mor phism can be at trib uted. How ever, ex ten sion-re lated
epi ther mal quartz-car bon ate veins, such as those of the Re -
pub lic Graben, typ i cally con tain only traces of sphalerite,
ga lena and chal co py rite. In con trast, veins in the Kalum
area dis play min er al ogy that is more typ i cal of an in tru sion
as so ci a tion: base metal rich with el e vated bis muth (cf. the
Kalum Lake pros pect). Even less equiv o cal is the por phyry
as so ci a tion of veins at both the Shae oc cur rence and
LCR/Macex, which dis play mo lyb de nite min er al iza tion in
ad di tion to chal co py rite. At the Shae, the min er al iz ing bi o -
tite-quartz por phyry can be ob served di rectly. 

SUMMARY

By prod ucts of geo log i cal map ping have been a pre lim -
i nary eval u a tion of the re gional struc tural deformational
his tory. This his tory is far more com plex than is in di cated
by ex ist ing pub lished maps, al though it ap pears to be sim i -
lar to that re corded in the area im me di ately to the west by
Andronicos et al. (2003) and in the un pub lished M.Sc. the -
sis of Heah (1991).

Pros pect ing dur ing the course of map ping re sulted in
no ta ble new finds north of the LCR oc cur rence and near the 
Hat pros pect. These are, re spec tively, por phyry and sul -
phide-re place ment min er al iza tion in an gu lar boul ders and
out crops along a >1 km transect, named the Shae oc cur -
rence, and sev eral ar seno py rite and base-metal sul phide
veins ex posed in ar eas nor mally cov ered by snow and ice.

There are four styles of min er al iza tion in the Kitsum -
kalum Lake area: 

· Type 1: por phyry-style cop per-mo lyb de num-zinc vein 
stockworks in quartz-bi o tite gran ite por phyry and in
ad ja cent coun try rocks

· Type 2: semimassive sul phide re place ment cop pe r-
mo lyb de num min er al iza tion in clastic coun try rocks 

· Type 3: quartz-polymetallic sul phide veins (zinc, lead,
cop per-sil ver-gold), com monly within a car bon ate en -
ve lope in an in tru sive host

· Type 4: lead-sil ver-gold veins, com monly in an argil -
lite ma trix

The abun dance of type 3 veins east of the Hat oc cur -
rence and the rich ness of type 4 veins in the Ma roon Moun -
tain area un der score the pres ence of at trac tive in tru sion-re -
lated min er al iza tion that spans the range from prox i mal
(type 3) to epizonal (type 4; e.g., Hart et al, 2002) veins.
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