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INTRODUCTION

The Toodoggone Geoscience Part ner ship was ini ti ated 
in 2003 to gen er ate de tailed geoscience in for ma tion, in -
clud ing air borne geo phys ics and bed rock ge ol ogy maps,
that would sup port min ing ex plo ra tion in pre vi ously ex -
plored and more re mote ter rain in the east-cen tral
Toodoggone River and McConnell Creek map ar eas, which 
are con sid ered highly pro spec tive for Cu-Au por phyry and
epi ther mal Au-Ag min er al iza tion. The suc cess of this part -
ner ship is based on the par tic i pa tion of all five min ing com -
pa nies ac tively ex plor ing the pro gram area (Stealth Min er -
als Ltd., Northgate Min er als Corp., Finlay Min er als Ltd.,
Bishop Gold Inc. and Sa ble Re sources Ltd.), cou pled with
per son nel from the British Co lum bia Geo log i cal Sur vey,
the Geological Survey of Canada and the University of
British Columbia.

In 2004, the Geo log i cal Sur vey of Can ada re leased
dig i tal data and a se ries of maps from a low-level, high-res -
o lu tion air borne gamma-ray spec tro met ric and mag netic
sur vey that cov ered 1) most of the known por phyry and epi -
ther mal tar gets within the main area of pro spec tive Early
Ju ras sic rocks; and 2) a re mote and rel a tively under -
explored re gion far ther east in the Swannell Ranges of the
Toodoggone area (Shives et al., 2004).

Bed rock map ping con tin ued in 2004, ex pand ing the
area of de tailed 1:20 000-scale map cov er age in two re -
gions: 1) the south ern re gion, lo cated 55 km south east of
the Kemess South Cu-Au por phyry mine and cen tred on
Johanson Lake (Schiarizza, 2004a, b; Schiarizza and Tan,
this vol ume); and 2) the north ern re gion, be tween the
Toodoggone and Finlay rivers (Diakow, 2004). This pa per
sum ma rizes the re sults of geo log i cal map ping con ducted in 
a 250 km2 area lo cated east of the Pil lar Fault (Diakow,
2004) and bounded by the Finlay River in the south and the

Toodoggone River in the north and east (Fig. 1). The new
re sults re ported be low em pha size changes in the Early Ju -
ras sic stra tig ra phy of the Toodoggone from west to east.

LITHOSTRATIGRAPHIC UNITS

Over the past two field sea sons, nearly 600 km2 of the
Swannell Ranges, sit u ated be tween the ma jor drainages of
the Toodoggone and Finlay rivers and their con flu ence,
have been mapped in de tail, thereby re fin ing Ju ras sic stra -
tig ra phy that was, for the most part, pre vi ously as signed to
an un di vided Hazelton Group map unit (Diakow et al.,
1985, 1993). As a con se quence of map ping in 2004, a re -
gion of pre vi ously un di vided Ju ras sic rocks is now iden ti -
fied as part of the Toodoggone for ma tion. These rocks have
been sub di vided in for mally into strati graphic mem bers,
which col lec tively rep re sent one of the most com plete
Early Ju ras sic se quences ex posed any where in the
Toodoggone River area. Vol ca nic rocks pre sumed to be
near the bot tom of the Toodoggone for ma tion rest un con -
form ably on ei ther vol ca nic strata of the Late Tri as sic Takla
Group or granitoid rocks of the Early Ju ras sic Black Lake
In tru sive Suite. The old est rocks con sist of bed ded sed i -
men tary strata of the Up per Pa leo zoic Asitka Group; these
are gen er ally poorly ex posed, lo cally in truded and ther -
mally al tered by Ju ras sic in tru sions, and rarely ob served to
be over lain disconformably by the Takla Group.

The gen er al ized ge ol ogy of the study area is shown in
Fig ures 2 and 3, and rep re sen ta tive strati graphic sec tions
are given in Fig ure 4. The stra tig ra phy is transected by ma -
jor north erly to north-north west erly-trending high-an gle
faults, no ta bly the Pil lar and Black faults, in ter sected by
east erly to north east erly-trending cross-faults (Fig. 2). East 
of the Pil lar Fault, the stra tig ra phy is con sis tently in clined
to the west-south west and has rel a tively shal low dips (15–
25°).

Asitka Group (Unit PAs)

The Penn syl va nian to Early Perm ian Asitka Group
com prises sev eral large pen dants rest ing on or ad ja cent to
the Early Ju ras sic Duncan pluton near Drybrough Peak
(west of the study area), where both vol ca nic and
stratigraphically higher sed i men tary rocks were mapped
pre vi ously (Diakow, 2004). In this study, scat tered out -
crops of the Asitka Group were en coun tered near the
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treeline in an area east of Jock Creek (Fig. 2). Here, the suc -
ces sion is about 130 m thick and in truded by an Early Ju ras -
sic quartz monzonite stock at the lower con tact. Lime stone
ad ja cent to the in tru sive con tact is recrystallized and re -
placed lo cally by ir reg u lar zones of di op side-gar net-mag -
ne tite skarn, and car ries patchy ga lena and chal co py rite
min er al iza tion. Higher in the sec tion, pale grey weath ered
lime stone al ter nates with whit ish chert in beds vary ing
from 10 to 50 cm thick. Above the high est chert lay ers,
siltstone in ter leaved with thin black mudstone part ings oc -
cu pies the up per most 20 m of the sec tion. The up per most
sed i men tary strata are sharply overlain by pyroxene-
bearing lavas of the Late Triassic Takla Group.

Takla Group (Unit uTTv)

The Late Tri as sic Takla Group is ex posed along the
lower north- and east-fac ing slopes of the moun tains south
of Jock Creek, and in nearby out crops where it is jux ta -
posed against the Toodoggone for ma tion by high-an gle
faults. South of Jock Creek, the lower con tact of the Takla
Group is marked by an un usu ally coarse clino pyroxene-

phyric ba salt flow that over lies siltstones con sid ered to rep -
re sent part of the un der ly ing Asitka Group. This con tact is
in ter preted as a disconformity, al though there is lit tle ev i -
dence of ero sion. Above this con tact, lavas more typ i cal of
the Takla Group pre dom i nate, and in clude a va ri ety of por -
phy ritic bas alts con tain ing abun dant, me dium to coarse
(<6 mm) pheno crysts of clinopyroxene. Other, vol u met ri -
cally mi nor flow va ri et ies in clude dis tinc tive por phy ritic
lavas with bladed-plagioclase tex tures and apha ni tic bas -
alts. Pyroxene-bear ing sand stones occur as sparse, thin
interbeds within the volcanic succession.

Basal Toodoggone Formation Unconformity

Bed ded polymictic con glom er ates and sand stones
(unit Tc1) oc cur at a num ber of iso lated lo cal i ties in the
south ern Toodoggone map area, and oc cupy the in ter val
be tween mafic vol ca nic rocks of the Takla Group and over -
ly ing quartz-bi o tite-bear ing vol ca nic rocks of the
Toodoggone for ma tion. These de pos its mark a basal un -
con formity of re gional ex tent in the Ju ras sic suc ces sion,
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and re cord vari able up lift and in ci sion deep into pre-
Jurassic strata and exhumed plutons.

The basal comglomeratic de pos its may be traced dis -
con tin u ously for al most 7 km west of the Pil lar Fault south
of Jock Creek (Diakow, 2004), and have been found far ther
east at two iso lated lo cal i ties in the study area. The con -
glom er ates gen er ally con sist of sand-gran ule ma trix- to
clast-sup ported rounded cob bles and boul ders de rived
from Takla, granitoid and, less com monly, Asitka sources.
At one lo cal ity not vis ited by the au thors, but por trayed
sche mat i cally in sec tion 1 of Fig ure 4, a min ing com pany
re ported con glom er ate dom i nated by granitoid de bris rest -
ing atop an early quartz monzonite phase of the com pos ite
Jock Creek pluton (Fig. 2; de scribed be low). At the sec ond
lo cal ity, the un con formity is marked by a thin (<7 m) suc -
ces sion of basal, cob ble to peb ble con glom er ates pass ing
up wards into coarse to me dium-grained, feldspathic to
lithic sand stones con tain ing de tri tal quartz.

Early Jurassic Toodoggone formation

The Toodoggone for ma tion is an ex clu sively subaerial
vol ca nic suc ces sion that com prises the sole sub di vi sion of
the Early Ju ras sic Hazelton Group in the Toodoggone River 
area. To gether with cogenetic plutons of the Black Lake In -
tru sive Suite, these rocks host im por tant Au-bear ing epi -
ther mal and por phyry-style min eral de pos its. Map ping of
the Toodoggone for ma tion has oc curred ep i sod i cally over
sev eral de cades re sult ing in an evolv ing in ter nal stra tig ra -
phy. A num ber of in for mal mem bers have been pro posed
for lo cally mappable lithological units whose depositional
ages are rea son ably well con strained by more than 20 iso to -
pic ages (Diakow, un pub lished data).

Strati graphic mem bers of the Toodoggone for ma tion
ex posed in the re gion be tween the Finlay and Toodoggone
rivers in clude the Duncan, Metasantan and Saunders mem -
bers, all of which have wide spread dis tri bu tion west of the
Pil lar Fault (Diakow, 2004). In places, rocks of the Duncan
mem ber are ob served over ly ing Up per Tri as sic strata
above a basal un con formity marked by ero sion and typ i fied 
by bed ded epiclastic rocks. East of the Pil lar Fault and north 
of Jock Creek, new stra tig ra phy is rec og nized rest ing upon
vol ca nic rocks that re sem ble the Metsantan mem ber. We in -
clude these new rock units as part of the Toodoggone for -
ma tion and, in or der of as cend ing strati graphic po si tion, in -
for mally name them the Quartz Lake, Graves and Pil lar
mem bers. To the west, ad ja cent to Saunders Creek, the
lower part of this new suc ces sion, ten ta tively cor re lated
with the Quartz Lake mem ber, forms sev eral out li ers, with
one sec tion rest ing un con form ably on rocks of the
Saunders mem ber (west ern ex trem ity of Fig. 2). This re la -
tion ship in di cates that the new stra tig ra phy is youn ger than
the Saunders mem ber, and a new U-Pb date from the study
area con firms that these rocks be long in the up per part of
the Toodoggone for ma tion.

Typ i cally, rocks of the Toodoggone for ma tion have a
nar row compositional range be tween high-sil ica an de site
and dacite, and con tain vary ing amounts of di ag nos tic
quartz, bi o tite, hornblende and ap a tite pheno crysts. The
new stra tig ra phy, how ever, is dis tin guished by lo cally

abun dant ba salt to an de site por phy ritic flows con tain ing
clinopyroxene, flow-lam i nated dacite to rhy o lite lavas, and 
a gen er ally greater pro por tion of volcaniclastic rocks of
var i ous or i gins. Un like most of the Toodoggone for ma tion,
quartz and bi o tite pheno crysts are rarely ob served in these
youn ger rocks.

DUNCAN MEMBER (UNIT TD)

The Duncan mem ber is well ex posed in the south east -
ern part of the study area be tween the Finlay River and Jock
Creek. It com prises a thick, crudely lay ered suc ces sion of
pre dom i nantly nonwelded, dacitic lithic-crys tal tuffs
interbedded with mi nor crys tal-rich vol ca nic sand stone and 
siltstone. The base of the suc ces sion is marked lo cally by
quartz-bear ing sand stones in gradational con tact with con -
glom er atic beds that mark the basal un con formity of
Toodoggone strata on the Takla Group. Else where, how -
ever, incipiently to mod er ately welded ash-flow tuffs rest
di rectly on ero sional rem nants of the Takla Group. Here,
within a few metres of the con tact, the plane of weld ing is
more steeply in clined (>50°) and re flects the lo cal attitude
of the rugged paleosurface.

The lithic com po nent (<10 vol. %; <3 cm across) of the 
pyroclastic beds con sti tutes subrounded to subangular
clasts of finely por phy ritic to apha ni tic andesitic vol ca nic
rocks. The crys tal com po nent (typ i cally 1–3 mm) is dom i -
nated by bro ken plagioclase ac com pa nied by mi nor to trace 
amounts of rounded (resorbed) quartz and ox i dized, cop -
pery flakes of bi o tite.

South of the study area in the vi cin ity of the Kemess
North Cu-Au por phyry oc cur rence, pyroclastic flow de -
pos its dom i nate sec tions un con form ably over ly ing the Tri -
as sic vol ca nic rocks. A sim i lar re la tion ship is also ob served 
south of Attycelley Creek, where nonwelded to incipiently
welded tuffs over lie nearly 100 m of lay ered epiclastic
rocks above the basal un con formity. At both lo cal i ties, U-
Pb iso to pic dates de ter mined for pyroclastic rocks as signed
to the Duncan mem ber are pre cisely es tab lished at 199 to
200 Ma.

METSANTAN MEMBER (UNIT TM)

The Metsantan mem ber oc cu pies much of the ter rain
north of the Finlay River, ex tend ing to the vi cin ity of The
Pil lar, where it is trun cated by west erly-trending faults, and
east of Mt. Graves to the Toodoggone River. The unit com -
prises a fairly ho mo ge neous suc ces sion of andesitic lavas,
in clud ing as so ci ated flow brec cias, mi nor interbedded
epiclastic and rare pyroclastic rocks. The basal con tact with 
the Duncan mem ber is abrupt and gen er ally marked by
mas sive flow se quences largely de void of lay er ing or
internal flow features.

Lavas of the Metsantan mem ber typ i cally con tain
equant to subequant, blocky plagioclase pheno crysts (usu -
ally 3–5 mm), rarely found in glomeroporphyritic inter -
growth (<8 mm), that com monly form 15–25 vol. % of the
rock. Mafic pheno crysts in clude vari ably al tered, pris matic 
hornblende and euhedral bi o tite (<5 mm) and gen er ally
con sti tute less than 5 vol. % of the rock. Un usu ally bi o tite-
rich (8–10 vol. %) an de site lavas are com par a tively rare
though well ex posed, for ex am ple, on a west erly-trending
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ridge just south of The Pil lar. Ac ces sory min er als in clude
small (<1 mm) grains of resorbed quartz and red dish ap a tite 
prisms (<1 mm) which, though de fin i tive of these lavas, are 
sparsely dis trib uted. Based on phenocryst min er al ogy and
chem i cal com po si tion, these rocks are com monly re ferred
to as trachyandesite or high-sil ica an de site.

East of the Black Fault in the area be tween the Sickle
Creek and Quartz Lake cirques, andesitic flows are
interbedded with, or over lain by, well-sorted sand stones
and cob ble to peb ble con glom er ates with rounded clasts of
por phy ritic to apha ni tic andesites and monzonitic granitoid 
rocks. These beds are ten ta tively in cluded within the
Metsantan mem ber, al though some of these clastic se -
quences may be long to the over ly ing Quartz Lake mem ber
(de scribed be low) due to fault rep e ti tion (Fig. 5).

Metsantan andesites cover an ex ten sive part of the
Toodoggone re gion and rest on ash-flow tuff suc ces sions
that ap pear to have slightly dif fer ent ages. Ar gon-ar gon
dat ing of this flow se quence has been hin dered by the pau -
city of fresh hornblende and bi o tite. How ever, the two Ar-
Ar dates that have been ob tained yield sim i lar iso to pic ages
of ap prox i mately 196 and 194 Ma.

SAUNDERS MEMBER (UNIT TS)

The Saunders mem ber is a ho mo ge neous dacitic ash-
flow tuff se quence best ex posed in the re gion west of
Saunders Creek and north west to ward the Toodoggone
River (Diakow, 2004). Other thick ac cu mu la tions are
found south of the Finlay River and north east of the
Kemess South mine (Diakow, 2001). South of Jock Creek,
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an iso lated oc cur rence of red dish ox i dized pyroclastic
flows form a cap less than 70 m thick on a ridge that, at
lower al ti tude, ex poses lavas of the Metsantan mem ber.
The highly vari able thick ness of the Saunders unit is at trib -
uted to the in flu ence of pre-ex ist ing to pog ra phy and
synvolcanic faults.

Dacite ash-flow tuffs of the Saunders mem ber are
some of the least al tered rocks in the Toodoggone area.
These rocks ex hibit a char ac ter is tic grey color and, be cause 
of their indurated char ac ter, gen er ally form a re sis tant
strati graphic marker. The tuffs are no tice ably en riched in
bro ken crys tals of plagioclase (up to 40 vol. %). Splendant
crys tals of hornblende (up to 7 vol. %) and lesser bi o tite and 
quartz (trace to 3 vol. %) make up the ma jor ity of the re -
main ing crys tal pop u la tion. Dark grey to black, cog nate
vitrophyre frag ments (5–45% of the rock) oc cur through -
out the ash-flow de posit and lo cally be come densely
welded to de fine a pro nounced eutaxitic tex ture. Al though
this unit is com monly ox i dized to red dish hues, the pri mary
min er al ogy and vitrophyric tex tures are readily iden ti fi -
able.

Seven Ar-Ar and U-Pb iso to pic dates in di cate that the
Saunders mem ber erupted dur ing a brief in ter val be tween
194 and 193 Ma (Diakow, un pub lished data).

New Rock Units Forming the Uppermost
Toodoggone Formation

East of the Pil lar Fault, a pre vi ously un di vided suc ces -
sion of lavas and interbedded, well-strat i fied pyroclastic-
epiclastic rocks forms a gen tle west-south west-dip ping
homocline. Epiclastic strata near the base of this suc ces sion 
near an in for mally named lake, Quartz Lake, over lie
hornblende- and/or bi o tite-bear ing an de site flows pro vi -
sion ally as signed to the Metsantan mem ber (sec tion 5 in
Fig. 4 and Fig. 5). Since the Saunders mem ber is ap par ently
miss ing in this area, this con tact is in ter preted as a
disconformity. El e ments of the new stra tig ra phy, how ever,
de mon stra bly over lie the Saunders mem ber west of the Pil -
lar Fault, where epiclastic rocks mark an ero sional con tact.
From these re la tion ships and a new U-Pb date de rived from
near the mid dle of the new se quence, it is ev i dent that these
rocks are time strati graphic, in part, with dated strata in the
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up per part of the Toodoggone formation residing outside
the map area.

The vol ca nic rocks in this pack age are compositionally 
di verse, com pris ing bas alts and andesites dis tin guished by
the pres ence of clinopyroxene, and apha ni tic to sparsely
por phy ritic rhyodacite and rhy o lite that rep re sent the most
dif fer en ti ated rocks in the en tire Toodoggone area. Other
dis tin guish ing fea tures of the new stra tig ra phy in clude the
no ta bly re duced (trace) abun dance of quartz, bi o tite and ap -
a tite in the flows and pyroclastic rocks, and the much higher 
pro por tion of vol ca nic-de rived sed i men tary rocks com -
pared to other parts of the Toodoggone area.

The homoclinal suc ces sion de scribed above is es ti -
mated to be about 1 km thick in the area be tween Quartz
Lake, Mt. Graves and The Pil lar. The rocks are sub di vided
in for mally into the Quartz Lake, Graves and Pil lar mem -
bers, listed in or der of as cend ing strati graphic po si tion
within the Toodoggone for ma tion, be gin ning at the top of
the Saunders mem ber. Re la tion ships be tween the new stra -
tig ra phy and older rocks are de picted in the ref er ence sec -
tions shown in Fig ure 4.

QUARTZ LAKE MEMBER (UNITS TQS, TQV,
TQR, TQT)

As noted above, the Quartz Lake mem ber is a het er o -
ge neous lithostratigraphic unit com pris ing interbedded
vol ca nic and volcaniclastic rocks that, al though comp lexly

faulted, are well ex posed in the cirque headwall and ridges
sur round ing Quartz Lake (Fig. 5). The mappable units
shown in Fig ures 2 to 5 are des ig nated ac cord ing to their
lithological char ac ter is tics rather than their ex act strati -
graphic con text, which in many cases is not ad e quately
known; thus, these units may oc cupy dif fer ent strati graphic 
ho ri zons within the Quartz Lake member.

At Quartz Lake, a basal coarse clastic de posit (TQs)
over lies bi o tite-bear ing andesitic lavas of the Metsantan
mem ber. This dark red dish brown to ma roon, poorly sorted
de posit con tains an gu lar to rounded, peb ble- to boul der-
size (<5–30 cm) clasts of apha ni tic to por phy ritic
Metsantan vol ca nic rocks in a fine to me dium-grained
sandy ma trix lo cally con tain ing bi o tite crys tals (<2 mm).
This basal unit prob a bly rep re sents a wa ter-washed laharic
brec cia; how ever, this bed may also in clude weath ered flow 
brec cia. This de posit is sep a rated from over ly ing dark red -
dish brown, mod er ately sorted, me dium to coarse-grained
vol ca nic sand stones (also TQs) by mi nor fault ing and rhy o -
lite in tru sion (Fig. 5). These beds in turn are over lain by the
basal part of the Graves ash-flow tuff mem ber (de scribed
be low), which con tains di ag nos tic pink dacitic frag ments
(<4 cm) and bro ken plagioclase crys tals (<2 mm) and, at
this lo cal ity, hosts an ex ten sive quartz±adu laria–cal cite–
(?)bar ite stockwork with traces of sul phide min er al iza tion.
In the cirque wall west of Quartz Lake, a thin se quence of
fine to me dium (1–3 mm) plagioclase-phyric, pyroxene-
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bear ing an de site flows (TQv, best de vel oped else where)
are found at or near the hematitic base of this pre dom i nantly 
clastic unit (Fig. 5 and Fig. 4, sec tion 5).

Other exposures of unit TQs, for ex am ple, are found
ap prox i mately 4 km due west of Quartz Lake be low the
faulted base of the Graves mem ber, in scat tered out crops
along the west ern lower slopes of a broad val ley to the
north west of the lat ter lo cal ity and in the vi cin ity of The Pil -
lar (Fig. 2). At the for mer lo cal ity, these well-strat i fied,
epiclastic and pyroclastic rocks are in ter ca lated with vari -
ably por phy ritic ba saltic to andesitic lavas (TQv). The sed i -
men tary rocks in clude buff to red dish brown weath er ing,
waterlain vol ca nic brec cias, vol ca nic cob ble to boul der
con glom er ates lo cally en clos ing large (up to 50 cm across)
rounded monzonitic clasts, and coarse sand stones.
Pyroclastic interbeds are dom i nated by grey-green lithic-
crys tal ash-flow tuffs of dacitic com po si tion and their re -
worked equiv a lents. The as so ci ated lavas are com monly

dark grey to red, finely por phy ritic (<1.5 mm) plagioclase-
phyric ba saltic andesites with small amounts (<3 vol. %) of
clinopyroxene; how ever, augite-rich vari ants (10–15 vol.
%; <5 mm) and strongly amyg da loid al flows car ry ing
subequant clinopyroxene megacrysts (<1 cm) are lo cally
con spic u ous.

At The Pil lar, well-strat i fied se quences of vol ca nic
con glom er ates, sand stones, siltstones, ash-flow tuffs and
tuffaceous brec cias (TQs) un der lie rhyolitic tuffs and lavas
(TQr) rest ing di rectly be low the Graves mem ber. Sim i lar
rhyolitic rocks oc cur 3 km north east of The Pil lar and form
small out li ers at the top of cirque headwalls above Griz
Lake and Sickle Creek (Fig. 4 and 5). Dark red to pale grey-
green, spherulitic rhy o lite lavas com monly ex hibit flow
lami na tions and con tain plagioclase (<20 vol. %) and bi o -
tite (3 vol. %) pheno crysts. Thickly bed ded se quences (<30
m) of vitric-crys tal rhy o lite tuff with sparse lithic frag ments 
(<2 cm) lo cally un der lie the rhy o lite flows.
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Ex ten sive ex po sures of ba saltic and andesitic lavas
(TQv) are found on the val ley slopes and ridges north and
south of Mt. Graves (Fig. 2). Some flows are finely por phy -
ritic, car ry ing plagioclase (<1.5 mm; up to 15–20 vol. %)
and clinopyroxene (<1 mm; 1–3 vol. %). Other lavas are
more dis tinctly por phy ritic, car ry ing euhedral pheno crysts
of clinopyroxene (<4 mm; 10–15 vol. %) and subequant
plagioclase (<3 mm with rare glomerocrysts up to 7 mm; up
to 20 vol. %). Rarely, flows and/or near-sur face dikes are
en coun tered with euhedral megacrysts (<1.5 cm) of
clinopyroxene (<5 vol. %) rarely ac com pa nied by
subequant plagioclase (<3 vol. %). Mi nor interbeds of vol -
ca nic brec cias of di verse or i gins are found lo cally, in clud -
ing monomictic laharic brec cias with poorly sorted vol ca -
nic clasts (<33 cm). It is in ter est ing to note the rad i cal
change in thick ness of this flow se quence to the east to ward
Quartz Lake, and to the south to ward the Pil lar where these
lavas are ap par ently ab sent (Fig. 2).

GRAVES MEMBER (UNIT TG)

The Graves mem ber is named for dacite ash-flow tuffs
that are par tic u larly well ex posed in an iso to pi cally dated
sec tion about 3 km south east of Mt. Graves. These
pyroclastic flows form re sis tant blocky ex po sures as much
as 150 m thick, and ex hibit lit tle vari abil ity in thick ness
from one sec tion to the next (Fig. 4, sec tions 5–8). The unit
is a dis tinc tive marker oc cu py ing a me dial strati graphic po -
si tion be tween two in ter nally het er o ge neous mem bers,
each com posed of gen er ally sim i lar rock types. The con -
tacts be tween the Graves mem ber and bound ing rocks of
the Quartz Lake and Pil lar mem bers are sharp and ap pear
con form able through out the ref er ence area. The ash-flow
tuff unit over lies a va ri ety of dif fer ent rock types at the top
of the Quartz Lake mem ber, in clud ing flow-lam i nated rhy -
o lite (TQr), pyroxene-bear ing an de site lavas interlayered
with crys tal tuffs and vol ca nic sand stone-siltstone lay ers
con tain ing pyroxene grains (TQv), and lo cally a he ma tite
red monomictic boul der con glom er ate with finer clastic
interbeds or de bris flow (TQs). In most sec tions, these mas -
sive ash flows con trast sharply with the over ly ing well-
bed ded, mixed pyroclastic-epiclastic strata (TPs1). This
unit is dom i nated by vitric-crys tal tuffs, sand stones,
siltstones and con glom er ates, and more lo cal ized
accretionary lapilli tuff, lapilli tuff and tuff-brec cia that are
dis tin guished by abun dant min ute pyroxene grains. In a
few places, this bed ded unit is ab sent and stratigraphically
higher pyroxene an de site lavas (TPv1) sit di rectly on the
ash-flow de pos its.

The ash-flow tuffs are rich in lithic frag ments, which
may constitute up to 45% of the rock. The clasts are
subangular to an gu lar and typ i cally less than 2 cm in di am e -
ter. Zones within the ash-flow tuffs may con tain con cen tra -
tions of block-size frag ments, but these are un com mon.
The most abun dant frag ments are a mix ture of fine-grained
por phy ritic and apha ni tic vol ca nic rocks in vary ing hues of
red, brown and green. How ever, pale pink to flesh-col oured 
dacitic frag ments with min ute hornblende and/or bi o tite
grains are most di ag nos tic and use ful for iden ti fy ing this
unit. Ac ci den tal frag ments of pink ish bi o tite-hornblende

monzonite and quartz monzonite are sparsely dis trib uted,
par tic u larly in the up per part of the ash-flow se quence.
Their subrounded to rounded shapes sug gest that these
clasts were likely de rived from subaerial drainages and in -
cor po rated dur ing the pas sage of the pyroclastic flows.
Frag ments of plagioclase (<2 mm) dom i nate the crys tal
frac tion of the ma trix, lo cally ac com pa nied by sparse
quartz and/or bi o tite grains.

The Graves mem ber is well indurated and, although it
has the gen eral ap pear ance of a nonwelded sin gle cool ing
unit, was prob a bly emplaced as mul ti ple flow units. Lo -
cally, lithic-rich tuffs at the top of this unit ap pear to have
been re worked to some de gree. In cip i ent to mod er ate weld -
ing is ob served in places and in di cated by flat tened red dish
brown to dark green fiamme. Al though welded tex ture is
not wide spread within these ash-flow de pos its, one lo cal ity
was dis cov ered at the base of the unit where dense weld ing
and, lo cally, a brown devitrified vitrophyre are well dis -
played. The welded zone, about a metre thick, over lies an
ad di tional 10 m of bed ded crys tal-vitric tuff and lapilli tuff
in which weak weld ing is again ev i dent in a metre-thick
zone just 3 m from the base of this se quence. The lat ter beds
over lie a layer-par al lel, pla nar-crosslaminated lithic-vitric
tuff that is in ter preted to rep re sent a surge de posit.

Based on a U-Pb zir con date ob tained from rocks near
the mid dle of a sec tion south east of Mount Graves (Fig. 4,
sec tion 8), this ash-flow unit erupted at ap prox i mately
192 Ma. This date firmly es tab lishes the contemporaneity
of these ash-flow tuffs with compositionally sim i lar de pos -
its dated out side the map area (the south of Attycelley
Creek) and in cluded in the Toodoggone for ma tion as one of 
the youn gest known mem bers (i.e., Kemess mem ber,
Diakow, 2001).

PILLAR MEMBER (UNITS TPS, TPV)

The Pil lar mem ber con sti tutes the youn gest stra tig ra -
phy pres ently rec og nized in the Toodoggone area. Ex cel -
lent ex po sures are found at the lo cal ity for which this se -
quence is named, as well as far ther north in a downdropped
fault block be tween The Pil lar and Mt. Graves (Fig. 2, 4).
The base of this unit rests on the Graves ash-flow tuff mem -
ber and the top is not seen (eroded).  The unit is
lithologically het er o ge neous and has been sub di vided,
where pos si ble, into mappable volcaniclastic (TPs1, TPs2)
and flow (TPv1, TPv2) stra tig ra phy. Sec ond ary al ter ation
of lavas and clastic rocks to car bon ate, prehnite and a dis -
tinc tive pale pink ze o lite (laumontite?) is lo cally apparent
throughout this succession.

At The Pil lar, unit TPs1 is rep re sented by at least 30 m
of well-strat i fied, ma roon to grey-green epiclastic rocks in -
clud ing vol ca nic peb ble to cob ble con glom er ate, in ter nally
lam i nated sand stone, siltstone and mi nor mudstone, lo cally 
ex hib it ing crossbedding and cut-and-fill chan nel struc -
tures. Sim i lar stra tig ra phy 2 km north-north east of The Pil -
lar across a ma jor west erly-trending fault con tains a high
pro por tion of pyroclastic ma te rial in clud ing well-bed ded,
coarse vitr ic-lithic tuff of airfall  or  i  gin, pla  nar-
crosslaminated lapilli tuff con tain ing abun dant an gu lar
vol ca nic frag ments (<3 cm) of prob a ble surge or i gin, and
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laharic brec cias with an gu lar to subangular vol ca nic clasts
up to 0.5 m across. Far ther north, this suc ces sion is thicker
(>50 m) and com posed of thickly bed ded, re worked vol ca -
nic brec cias over lain by grey-green, thin to me dium-bed -
ded, mod er ately well sorted vol ca nic sand stones, un der -
scor ing the rapid na ture of lat eral fa cies changes.

The lower epiclastic-pyroclastic suc ces sion is con -
form ably over lain by ba saltic to andesitic lavas (TPv1) that
form the peak of The Pil lar and oc cupy lower ridges to the
north. Dark red dish to pur plish grey flows are mod er ately
(10–15 vol. %) to strongly (25–30 vol. %) plagio clase
phyric with sub or di nate clinopyroxene pheno crysts (com -
monly <1 mm but lo cally up to 3 mm, and typ i cally com -
pris ing 1–2% but reach ing 5 vol. % of the rock). The abun -
dance and  s ize  d is  t r i  bu  t ion  o f  p lag ioc lase  and
clinopyroxene pheno crysts vary sub stan tially from flow to
flow. Amyg da loid al tex tures and thin flow brec cias are ob -
served lo cally.

The up per most part of the Pil lar mem ber is pre served
in the downdropped fault-block north of The Pil lar. The
base of the up per epiclastic-pyroclastic se quence (TPs2)
ap pears broadly con form able with the un der ly ing lavas.
The low er most beds com prise a buff to dark brown, clast-
sup ported, vol ca nic cob ble to peb ble con glom er ate and
mod er ately well sorted peb bly sand stone. Higher in the
sec tion, these beds are in ter ca lated with pale grey-green to
pink weath er ing crys tal-lithic lapilli tuffs and re worked
tuffs. At the north ern most ex po sures, the top of the suc ces -
sion (>130 m) is dom i nated by grey-green to buff, lam i -
nated to me dium-bed ded vol ca nic sand stones and peb bly
sand stones with mi nor interbedded siltstone and mudstone.

The over ly ing plagioclase- and pyroxene-phyric lavas
(TPv2) are tex tur ally and min er al og i cally sim i lar to the
older flows (TPv1) of the Pil lar mem ber, and would be dif -
fi cult to dis tin guish in the ab sence of an in ter ven ing
epiclastic-pyroclastic se quence (TPs2). How ever, some of
these flows are dis tinctly vis cous with well-de vel oped flow 
lami na tions and have a rhyodacitic com po si tion. Flow
brec cias are gen er ally better de vel oped than in the andesitic 
lavas and flow laminae lo cally bear pink devitrification
spots.

Black Lake Intrusive Suite (Units Bqm, Bmp, Bd)

Plutons and mi nor in tru sions (dikes and sills) of the
Early Ju ras sic Black Lake In tru sive Suite are found
through out the map area; the larg est bod ies oc cur at the
east ern mar gin of the map area and along the Pil lar Fault.
These in tru sions are tem po rally and prob a bly ge net i cally
re lated to ex tru sive rocks of the Toodoggone formation.

Typ i cal Black Lake in tru sions in the study area are bi o -
tite- and hornblende-bear ing quartz monzonites with a me -
dium to coarse-grained equigranular to por phy ritic tex ture.
These plutons dif fer slightly in com po si tion from those as -
so ci ated with Au-Cu por phyry min er al iza tion at the
Kemess de pos its in that the lat ter in tru sions are less dif fer -
en ti ated and com prise monzodiorites and me dium to
coarse-grained monzonite por phy ries. These min er al ized
plutons also have a dis tinctly tab u lar ge om e try, and in the

case of the Ma ple Leaf pluton at Kemess South, em place -
ment ap pears to be at a subvolcanic level. Monzonitic
in tru sions in the map area are re lated to por phyry-style
min er al iza tion (e.g., at the Pil North, Sophia and Alexandra 
pros pects) and may have tem po ral and ge netic links to epi -
ther mal pre cious-metal min er al iza tion (e.g., at the Sickle-
Griz show ings, de scribed be low).

A large com pos ite pluton is well ex posed in the lower
part of Jock Creek; to the north, this body prob a bly un der -
lies much of the low tree-cov ered re gion ad ja cent to the
Toodoggone River and, to the south, it ex tends to the Finlay
River. In or der to ra tio nal ize field ob ser va tions, it was nec -
es sary to sub di vide the Jock Creek pluton into an older
(Bqm1) and youn ger (Bqm2) phase. The low er most el e -
ment of the Toodoggone stra tig ra phy, a basal con glom er ate
be  low the  Duncan  ash- f low tu ff  mem ber,  r es ts
nonconformably on the pluton in the ex treme south east ern
part of the map area, whereas monzonite in trudes the low er -
most Toodoggone rocks far ther north at Jock Creek. The lo -
ca tion of the con tact be tween youn ger and older phases of
the Jock Creek pluton is un cer tain, and has been taken to be
de lin eated by a sharp con trast in the mag netic sig na ture of
the rocks east of Jock Creek (Fig. 2). A sam ple of the youn -
ger monzonite phase is cur rently be ing dated by the U-Pb
tech nique.

The youn ger (Bqm2) phase of the Jock Creek Pluton is
a pink ish grey, coarse-grained, equigranular to por phy ritic,
bi o tite-hornblende quartz monzonite with ac ces sory ti tan -
ite and opaque ox ides. The por phy ritic monzonite car ries
euhedral to subhedral plagioclase pheno crysts (up to 8 mm) 
set in a finer grained groundmass of po tas sium feld spar and
quartz. Plagioclase crys tals usu ally dis play os cil la tory zon -
ing and are flecked with seri cite. In ter sti tial po tas sium feld -
spar is gen er ally more strongly al tered to seri cite and clay
min er als. Al though lit tle quartz is gen er ally ap par ent in
hand spec i men, thin-sec tion ex am i na tion re veals some 10–
15 vol. % of the min eral. The pre dom i nant ferro mag nesi an
min eral is euhedral to subhedral hornblende (<7 mm) that is 
com monly al tered to chlorite. Subhedral to anhedral bi o tite
(<4 mm), also vari ably al tered to chlorite, is pres ent in mi -
nor amounts, along with ac ces sory ti tan ite (<1 vol. %) and
opaque ox ides.

The older phase (Bqm1) of the Jock Creek pluton is a
me dium-grained, equigranular quartz monzonite, min er al -
og i cally sim i lar to the youn ger phase. How ever, the amount 
of quartz is no ta bly higher (~20 vol. %) and oc curs as
anhedral grains clearly vis i ble in hand sam ple. Anhedral
po tas sium feld spar oc curs as a late in ter sti tial phase. Bi o tite 
is the dom i nant mafic min eral, ac com pa nied by lesser
amounts of hornblende and trace ti tan ite and opaque ox -
ides.

Plutons ex posed along the Pil lar Fault are quartz
monzonite and por phy ritic monzonite; the lat ter phase is
as so ci ated with Cu-Au por phyry pros pects in the vi cin ity
of Pil North. The por phy ritic phase of the pluton (Bmp) east 
of the fault cuts the youn gest part of the Toodoggone stra -
tig ra phy (Fig. 2). This in di cates that the in tru sion is youn -
ger than 192.3 ± 0.4 Ma, the U-Pb iso to pic age of the

Geo log i cal Field work 2004, Pa per 2005-1 101



Graves mem ber in the up per part of the Toodoggone stra -
tig ra phy.

Small dioritic stocks and dikes of the Black Lake In tru -
sive Suite cut the Toodoggone for ma tion as well as
monzonitic rocks of the Jock Creek pluton. The larg est
diorite in tru sions are north erly-trending, elon gate bod ies
un der ly ing val ley slopes and ridge crests just west of Jock
Creek. The rocks are pink ish grey to dark grey-green, fine
to coarse-grained bi o tite-clinopyroxene diorites. Anhedral
to subhedral crys tals (<5 mm) of pyroxene and plagioclase
are intergrown with bi o tite and mi nor (<2 vol. %) in ter sti -
tial quartz and opaque ox ides. Coarsely crys tal line va ri et ies 
lo cally con tain fresh bi o tite oikocrysts up to 1.5 cm across.
Sec ond ary al ter ation min er als in clude sparse seri cite,
chlorite and epidote.

Mi nor in tru sions in the form of dikes, sills and small
plug-like bod ies are pro lific through out the map area. The
most com mon dikes are pink ish grey to buff weath er ing,
me dium-grained to por phy ritic monzonite; pale pink to
red dish weath er ing, apha ni tic to por phy ritic (rarely me -
dium-grained) leucomonzonite (to syenite?) car ry ing small 
amounts (typ i cally trace to 1 vol. %) of mafic min er als; and
quartz± bi o tite por phy ries. Ba saltic to andesitic dikes sim i -
lar in com po si tion to pyroxene-bear ing ex tru sive rocks in
the up per part of the Toodoggone for ma tion are also com -
mon. All dikes are gen er ally steeply dip ping and ex hibit a
re gional, north to north-north west erly pre ferred ori en ta -
tion.

MINERAL OCCURRENCES AND
EXPLORATION

The Toodoggone area has a rich his tory of min eral ex -
plo ra tion and is a suc cess ful min ing dis trict. The pre mier
ex plo ra tion tar gets have been, and con tinue to be, large ton -
nage Cu-Au por phyry sys tems and small, high-grade, pre -
cious-metal epi ther mal vein sys tems. A re gional syn op sis
of pre vi ous ex plo ra tion work is given be low, along with de -
scrip tions of some of the newer dis cov er ies and prospects
in the study area.

Recent History of Toodoggone Mineral
Exploration

The Toodoggone min ing camp was sys tem at i cally
eval u ated for its po ten tial to host bulk ton nage min eral de -
pos its in the mid-1960s by Kennco Ex plo ra tions (West ern)
Lim ited. They con ducted a re gional geo chem i cal sam pling
pro gram that led to the dis cov ery of the first known por -
phyry-style base-metal and vein-type pre cious metal tar -
gets in the Toodoggone re gion. Among the de pos its found
were Chappelle (Baker), Law yers (AGB zone) and Kemess 
North. Fol low-up ex plo ra tion by Kennco and other com pa -
nies be gan in the late 1960s and con tin ued in ter mit tently
through the 1970s into the early 1990s. This ex plo ra tion re -
sulted in the de vel op ment of small Au-Ag mines (Baker,
Law yers and Shasta) cen tred on epi ther mal quartz-vein
systems and the Kemess South por phyry Au-Cu mine.

Dupont of Can ada Ex plo ra tion Lim ited com mis sioned 
the 100 tonnes/day un der ground Baker mine, the first mine
to open in the re gion, in April, 1981 (Barr et al., 1986). It
ceased op er a tion in No vem ber 1983, af ter pro duc ing
1196 kg of gold and 23 085 kg of sil ver from 77 596 tonnes
of ore mined and milled from the A vein (MINFILE). Mul -
ti na tional Re sources Inc. pur chased the prop erty from
Dupont in 1985 and Sa ble Re sources Lim ited ac quired the
Baker mill from Dupont in 1989. Mul ti na tional out lined a
small ton nage on the B vein and, with Sa ble as a part ner,
mined and pro cessed mod est ton nages from the vein un til
1996 when Sa ble ac quired the prop erty out right from Mul -
ti na tional. Since that time, Sa ble has, on an in ter mit tent ba -
sis, ex tracted and pro cessed lim ited amounts of ore from
both the A and B veins.

Sa ble Re sources Lim ited brought the Shasta de posit,
8 km south east of the Baker mine, into pro duc tion in Oc to -
ber 1989, con tin u ously ex tract ing ore from the Creek and
JM zones un til April 1991. Dur ing this time, 601 kg of gold
and 32 932 kg of sil ver were pro duced from 122 533 tonnes
of ore pro cessed at the Baker mill. The two ore zones were
first mined by small open cuts; un der ground de vel op ment
on each fol lowed. Small ton nages of ore were mined from
the JM and Creek zones in 2000, 2003 and 2004.

In 1986, Cheni Gold Mines Ltd. pur chased the Law -
yers prop erty from Kennco West ern Ltd. Cheni com mis -
sioned the mine in 1989 with a com bined re serve for the
AGB, Cliff Creek and Duke’s Ridge zones of 1.757 mil lion
tonnes grad ing 6.72 g/t Au and 243 g/t Ag. The AGB de -
posit was mined un til 1991 us ing un der ground shrink age
and blast-hole stoping meth ods, but the Cliff Creek and
Duke’s Ridge zones were not mined. The steeply dip ping
AGB de posit, with widths of up to 12 m, had been traced
north along strike for about 550 m. Min er al iza tion con -
sisted of na tive gold, na tive sil ver, electrum, acanthite and
lesser chal co py rite, sphalerite and ga lena in quartz veins,
stockworks and chal ce dony-healed brec cias. Ap prox i -
mately 620 000 tonnes of ore were milled, al though this to -
tal in cludes an es ti mated 60 000 tonnes from the Al prop -
er ty  (MINFILE 094E 091)  lo  ca ted  nor th  of  the
Toodoggone River. A to tal of 5042 kg of gold and
113 184 kg of sil ver were re cov ered. Cheni re claimed the
prop erty in the late 1990s and its ten ure over the site was
later relinquished. The prop erty was staked by Guards men
Re sources Inc. in 2000 and 2001, and optioned the fol low -
ing year to Bishop Re sources Inc. In 2004, Bishop fol lowed 
up en cour ag ing float anom a lies with a 1000 m trench ing
pro gram on the pla teau im me di ately west of the Cliff Creek
zone.

Por phyry min er al iza tion was first iden ti fied in the area
of the Kemess South de posit in 1983. Ex ten sive drill ing
pro grams con ducted by El Con dor Re sources Ltd. from
1990 to 1993 out lined a geo log i cal re source for the Kemess
South de posit of 250 mil lion tonnes grad ing 0.62 g/t Au and 
0.22 g/t Cu (Rebagliati et al., 1995a). Royal Oak Mines Ltd. 
pur chased the prop erty and ini ti ated site clear ing and mine
con struc tion in July 1996. The mine was com mis sioned in
Oc to ber 1998. In the spring of 1999, Royal Oak be came in -
sol vent and the mine was pur chased by Northgate Ex plo ra -
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tion Ltd. (now Northgate Min er als Cor po ra tion). The mine
pres ently op er ates at rate of ap prox i mately 50 000 tonnes
per day and pro duces about 300 000 ounces of gold and 75
mil lion pounds of cop per per year. Re cent ex plo ra tion in
the area of the mine has fo cused on the Kemess North de -
posit, where di a mond drill ing to deeper lev els has ex -
panded the size of the de posit. A fea si bil ity study on
Kemess North, com pleted in Oc to ber 2004, iden ti fied a re -
source of 414 mil lion tonnes grad ing 0.31 g/t Au and 0.16
g/t Cu. The pro posed open pit min ing pro ject has now
entered the harmonized Federal/Provincial environmental
review process.

Al though the Kemess South mine is out side the cur rent 
map area, it has con trib uted sig nif i cantly to the re ju ve na -
tion of ex plo ra tion through out the Toodoggone min ing
camp. Its im por tance as a re mote ma jor open-pit min ing op -
er a tion ser viced by hy dro elec tric ity, a mod ern mill ing fa -
cil ity and a sub stan tial in-ground min eral re source can not
be un der stated. This in fra struc ture is cru cial for fu ture mine 
de vel op ment in the Toodoggone re gion, as it may be come a
cen tral mill ing com plex capable of supporting numerous
satellite orebodies.

Epithermal Au-Ag Veins: Sickle-Griz (MINFILE
094E 237)

Stealth Min er als Ltd. dis cov ered the Sickle-Griz Au–
Ag–base-metal epi ther mal vein pros pect in 2003. Two
phys i cally dis tinct, top o graph i cally sep a rated vein sys tems
are rec og nized cut ting Toodoggone vol ca nic rocks. Five
dis crete par al lel veins (named 570A to 570E) are found in
the bot tom of the cirque oc cu pied by Quartz Lake (Fig. 5).
They have an az i muth of 155° and dip 65° to the west. Sev -
eral of the most prom i nent veins on sur face (570A and
570B) are up to 13 m in width and over 100 m in length, and
transect a mo not o nous se quence of grey-green por phy ritic
andesites as signed to the Metsantan mem ber (Fig. 5, 6).
Flow-lam i nated rhyolitic dikes and sills, a com par a tively
rare oc cur rence in the Toodoggone camp, are also a
conspicuous feature of this area (Fig. 5).

The 570 veins vary in ap pear ance from mas sive, dif -
fusely lay ered white quartz to mul ti ple lay ers of comb-tex -
tured quartz al ter nat ing with cal cite spar (Fig. 7). Po tas -
sium feld spar al ter ation ad ja cent to the veins is wide spread, 
vary ing in in ten sity from in cip i ent to mod er ate, and im parts 
a pale pink to brown ish hue on host andesites.

The sec ond vein sys tem, sit u ated about 150 m higher
on the ridge above the 570 veins, ex hib its more of a
stockwork char ac ter, with mul ti ple gen er a tions of quartz
veins and quartz-brec cia veins oc cu py ing a zone more than
75 m wide and hosted by dacitic ash-flow tuffs near the base 
of the Graves mem ber (Fig. 5). Adu laria sam pled from nar -
row al ter ation selvages ad ja cent to quartz veins at both the
lower and up per vein sys tems is be ing used to ob tain Ar-Ar
iso to pic ages for the min er al iza tion. Since the Graves mem -
ber has been dated at 192.3 ± 0.4 Ma, this es tab lishes a max -
i mum age for em place ment of the up per vein stockwork.

Sul phide min er als in the veins oc cur as fine dis sem i na -
tions, patchy ag gre gates and semimassive to mas sive lay ers 

up to sev eral cen ti me ters wide. In or der of de creas ing abun -
dance, they com prise ga lena, sphalerite, tetrahedrite,
chal co py rite and py rite. Chip sam ples across dis crete veins
have yielded grades as high as 9.5 g/t Au and 407 g/t Ag
over 3 m. As say re sults from the first two holes drilled into
the lower vein sys tem have re turned en cour ag ing re sults
(e.g. 3.18 g/t Au and 107.8 g/t Ag over 2.5 m from the
footwall por tions of the 570A vein; see Stealth Min er als
Ltd. news re lease, July 16, 2004).

Au-Cu Porphyries

PIL NORTH (MINFILE 094E 083) AND
VICINITY

The Pil North prop erty is lo cated at the west ern mar gin
of the map area (Fig. 6). It is un der lain by a quartz
monzonite to por phy ritic monzonite stock that strad dles the 
Pil lar Fault and in trudes andesitic lavas of the Metsantan
mem ber in the west and some of the youn gest strati graphic
units of the Toodoggone for ma tion in the east (Fig. 6). Ex -
plo ra tion by Finlay Min er als Ltd. has iden ti fied a num ber
of Cu-Au geo chem i cal anom a lies that are co in ci dent with
in duced po lar iza tion chargeability anom a lies. Some of
these anom a lies co in cide with pro nounced propylitic and
phyllic al ter ation zones and are thus prime tar gets for por -
phyry-style min er al iza tion (i.e. the North west and North -
east zones, Fig. 6). Other geo chem i cal anom a lies have a
polymetallic sig na ture that may be in dic a tive of bur ied vein 
sys tems (i.e. East, Milky Creek, NW Ex ten sion and WG
Gold zones).

The North west zone is char ac ter ized by a 200 by 600 m 
geo phys i cal anom aly that co in cides with el e vated Cu-Au
soil val ues and lo cally in tense sili ci fi ca tion, bleach ing and
py rite-seri cite al ter ation of the monzonitic host rock. Chal -
co py rite ac com pa nies py rite in nar row quartz string ers and
in ar eas where more per va sive sil ica-flood ing is de vel oped. 
Late-stage, pur ple anhydrite string ers cut the min er al iza -
tion. The North east zone lies east of the Pil lar fault and is
un der lain by quartz-bear ing flows of the Metsantan mem -
ber that are weakly to mod er ately ox i dized (Fig. 6). The
hostrock dis plays lo cally in tense quartz-seri cite-py rite al -
ter ation, with dis sem i nated py rite reach ing up to 15 vol. %;
in places, goethite and jarosite are well de vel oped.

The East and Milky Creek zones have a polymetallic
geo chem i cal sig na ture char ac ter ized by highly anom a lous
Au and Ag val ues ac com pa nied by in con sis tent Cu and Zn
abun dances. The East zone in cludes quartz stockworks and
brecciated monzodiorite healed with sil ica; both are min er -
al ized with small amounts of bar ite, ga lena and sphalerite.
The Milky Creek zone is char ac ter ized by a potassic feld -
spar-mag ne tite-quartz stockwork within strongly clay-al -
tered monzonite. Chip sam pling across a 10 m wide seg -
ment of the Milky Creek show ing av er aged 0.52 g/t Au.
The NW Ex ten sion, a quartz-bar ite stockwork anom a lous
in Cu and Pb, may rep re sent a polymetallic vein on the pe -
riph ery of a por phyry sys tem. The WG Gold zone com -
prises quartz veins, stockworks and brec cias con fined to a
steeply dip ping, north west-trending cor ri dor that ex tends
for over a kilo metre. The veins are de vel oped within quartz

Geo log i cal Field work 2004, Pa per 2005-1 103



monzonite and lo cally carry vari able quan ti ties of bar ite
and ga lena. Sam ples of quartz float carry up to 16.8 g/t Au.

SOFIA (MINFILE 094E 238)

Por phyry-style min er al iza tion at So fia was dis cov ered
in the sum mer of 2004. The show ing is re stricted to a sin gle
out crop (25 by 25 m) which is lo cated on the west bank of
the Toodoggone River, ap prox i mately 2.7 km north west of
the mouth of Jock Creek (Fig. 6). . The main hostrock is a
me dium to coarse-grained equigranular monzonite
(Bqm2), al though min er al iza tion also oc curs within ad ja -
cent augite-phyric lavas that ex hibit pro nounced al ter ation
to chlorite and py rite (up to 8 vol. %). These lavas have ten -
ta tively been as signed to the vol ca nic unit of the Quartz
Lake mem ber. Min er al iza tion con sists of subparallel mag -
ne tite veinlets and sub se quent lay ered quartz-mag ne -

tite(±specularite)-chal co py rite stockwork veins en vel oped
by po tas sium feld spar al ter ation (Fig. 8). Nar row, drusy
quartz string ers cut the other vein types. In tense py rite-seri -
cite al ter ation oc curs lo cally within the out crop. Grab sam -
ples from the pros pect have pro duced as says of up to
0.22 g/t Au and 0.05 wt. % Cu (see Stealth Minerals Ltd.
news re lease, July 16, 2004).

ALEXANDRA PROSPECT

The Alexandra Au-Cu por phyry pros pect was also dis -
cov ered in 2004. It is lo cated on a ridge 3.3 km west-south -
west of the con flu ence of Jock Creek and the Toodoggone
River, close to the in for mally named Sickle Creek (Fig. 6).
The show ing con sists of quartz-mag ne tite string ers cut ting
in tensely bleached, clay-al tered andesitic vol ca nic rocks of
the Metsantan mem ber. The al ter ation zone is co in ci dent
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with el e vated Au, Cu and Ag val ues in soils that cover an
800 by 250 m area. The show ing ap proaches within about
300 m of the Jock Creek monzonite (Bqm2) con tact with
Metsantan lavas, and ex tends downslope to the north and
east of the ridge.

SUMMARY AND CONCLUSIONS

The main re sults of the 2004 field pro gram can be sum -
ma rized as fol lows:

· The gen eral stra tig ra phy of the Toodoggone re gion,
namely rocks from the Late Car bon if er ous to Early
Perm ian Asitka Group, Late Tri as sic Takla Group and
Early Ju ras sic Hazelton Group, ex tends into the study
area. The vol ca nic stra tig ra phy of the Toodoggone for -
ma tion has been ex panded in the up per part,
stratigraphically above the Metsantan and Saunders
mem bers, to in clude three new in for mal mem bers, the
Quartz Lake, Graves and Pil lar, from old est to youn -
gest, re spec tively. They con sti tute a di verse as sem -
blage of lavas, ash-flow tuffs, and as so ci ated
volcaniclastic rocks cov er ing a wide compositional
spec trum from ba salt to rhy o lite. Epiclastic vol ca nic
sand stones and con glom er ates in ter leaved with ash-
flow and air-fall pyroclastic units form dis tinctly bed -
ded sec tions within an oth er wise mas sive flow stra tig -

ra phy. These new mem bers con trast with older
Toodoggone strata by the no ta ble pres ence of
clinopyroxene, and the scar city of quartz, bi o tite and
hornblende in the vol ca nic rocks. Their age is roughly
that of the Graves mem ber (~192 Ma), as es tab lished
by U-Pb iso tope sys tem at ics.

· The prin ci  pal  in tru sions in the map area are
equigranular to por phy ritic quartz monzonite and
monzonite and mi nor diorite of the Early Ju ras sic
Black Lake In tru sive Suite. A com pos ite stock in the
south east ern part of the study area, named the Jock
Creek pluton, is formed by early and late monzonitic
phases. Basal con glom er ates of the Toodoggone for -
ma tion rest nonconformably on the older phase (lat est
Tri as sic?), whereas the youn ger monzonite in trudes
rocks as high in the Toodoggone for ma tion as the
Metsantan mem ber (~198 Ma or slightly youn ger?).

· These in tru sions have a sig nif i cant ge netic as so ci a tion
with Cu-Au por phyry min er al iza tion south of the
study area at the Kemess de pos its. The new map ping
ex tends the known dis tri bu tion of po ten tially min er al -
ized monzonitic in tru sions north of the Finlay River, to 
in clude the Jock Creek pluton and their un named coun -
ter parts ad ja cent to the Pil lar Fault at the Pil North
prop erty. The Jock Creek body ap par ently hosts two
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Fig ure 7. View of the 570A vein, dis play ing al ter nat ing bands of quartz and cal cite spar, Quartz Lake, Sickle-Griz pros pect.



new Au-Cu por phyry pros pects in the map area, the
Sophia and Alexandra.

· Min er al ized epi ther mal quartz-cal cite veins and
stockworks, such as those dis cov ered on the Sickle-
Griz prop erty, con sti tute a sig nif i cant ex plo ra tion tar -
get. These min er al ized sys tems af fect rocks as young
as the Graves mem ber (~192 Ma). Iso to pic dat ing, us -
ing U-Pb and Ar-Ar sys tem at ics, is cur rently in prog -
ress in or der to con strain po ten tial ge netic re la tion -
ships be tween por phyry and epi ther mal base- and
pre cious-metal de pos its.
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