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Introduction

There has been lit tle re search into, or ex plo ra tion for, Mo
de pos its in Can ada or else where since the early 1980s, but
that is likely to change, par tic u larly if the price of Mo stays
at or any thing near cur rent lev els. There are nu mer ous
poorly un der stood, rel a tively underexplored Mo de pos its
and oc cur rences in the Ca na dian Cor dil lera that are likely
to be ex plored over the next sev eral years, and it would be
of great ben e fit to the ex plo ra tion com mu nity if more was
known about Mo de pos its of high- (cli max-type) and low-
(quartz-monzonite–type) flu o rine type in the prov ince.

In ad di tion, there are geo chem i cal sim i lar i ties be tween por -
phyry Mo de pos its and ‘in tru sion-hosted’ Au de pos its
(e.g., Tomb stone Belt; Fig ure 1), sug gest ing a pos si ble ge -
netic link. The Adanac Mo de posit be longs to an im por tant
class of min eral oc cur rences within the Atlin gold camp.
The Adanac de posit con tains no Au it self, but placer gold is
still be ing mined on the lower reaches of Ruby Creek be low 
the de posit. His tor i cally, it has al ways been as sumed that
the Mo de posit post dates Au min er al iza tion, which oc curs
in quartz-car bon ate shears in Cache Creek Group vol ca nic
strata and as placer gold. Iso tope work by Mihalynuk et al.
(1992), how ever, sug gests that some of the placer gold in
the Atlin area may have been de rived from the Sur prise
Lake batholith. This is con sis tent with the pres ence of Au-
and W-bear ing quartz veins in drain age ar eas im me di ately
south of the Adanac Mo de posit, be cause, in gen eral, wolf -
ram ite is com monly as so ci ated with por phyry Mo de pos its,
pe riph eral to the mo lyb de nite zone (Wallace et al., 1968).
Thus, the pres ence of Au in those wolf ram ite veins raises
the ques tion of a po ten tial link age be tween Au-de pleted
Mo and Au-bear ing W ‘in tru sion-re lated’ de pos its. Un der -
stand ing the as so ci a tion, or lack thereof, is an important

step toward focusing further exploration in the province for 
both of these deposit types.

Geological Background

The Adanac Mo de posit is lo cated in the north west ern cor -
ner of Brit ish Co lum bia, near the town of Atlin (Fig ure 2).
The ge ol ogy of the Atlin area was mapped by Aitken
(1959), and the re gional set ting of the de posit was dis -
cussed by Chris to pher and Pinsent (1982). The Atlin area
(Fig ure 3) is un der lain by de formed and weakly meta mor -
phosed ophiolitic rocks of the Penn syl va nian and/or Perm -
ian Cache Creek Group (Mon ger, 1975). These rocks,
which in clude ser pen tin ite and ba salt, as well as lime stone,
chert and shale, have long been thought to be the source of
much of the placer gold found in the Atlin area. The sed i -
men tary and vol ca nic rocks are cut by two youn ger
batholiths: a Ju ras sic granodiorite to diorite in tru sion
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Fig ure 1. Plot of Fe con tent vs. ox i da tion state for plutons and as -
so ci ated ‘por phyry’ min eral de pos its (fields from Thomp son et al.,
1999); note that Au is found in both ox i dized (por phyry Cu) and re -
duced (por phyry Sn-W-Mo) en vi ron ments; Sur prise Lake batholith
plots ap prox i mately at the solid tri an gle.



(Fourth of July batholith) north of Pine Creek and a Cre ta -
ceous gran ite to quartz monzonite in tru sion (Sur prise Lake
batholith) north and south of Sur prise Lake. The rocks are
lo cally strongly faulted and the Adanac de posit is lo cated
near the in ter sec t ion of  two major syn- to post-
mineralization fault systems.

The de posit area was de scribed by Suther land Brown
(1970), White et al. (1976), Chris to pher and Pinsent (1982) 
and Pinsent and Chris to pher (1995). The Adanac Mo de -
posit un der lies the val ley floor near the head of Ruby
Creek. It is largely bur ied and has very lit tle sur face ex pres -
sion. There is lit tle out crop in the lower part of the val ley
and mo lyb de nite is only rarely found in float and/or veins in 
out crop in the bed of the creek. The ge ol ogy un der ly ing the
val ley floor is largely de rived from drill data (Fig ure 4). Al -
though the ge ol ogy of the Adanac de posit is mod er ately
well un der stood, it has had al most no de tailed re search. It
was re ported to re sem ble a quartz-monzonite–type low-
flu o rine stockwork de posit (Westra and Keith, 1981) with a 
sin gle flat-ly ing to steeply dip ping shell of min er al iza tion
over a main por phyry in tru sion, as de scribed by White et al.
(1976) and Pinsent and Chris to pher (1995).

The de posit is near the west ern mar gin of the Sur prise Lake
batholith, a com pos ite, highly evolved, U-rich gran ite. The
de posit oc curs in the Mount Leon ard stock, a sat el lite body
of the batholith. The de posit is en tirely within plutonic
rock. There are three stages of in tru sion: an early, gen er ally
coarse-grained stage that was de formed prior to the in tru -
sion of sec ond-stage ‘por phyry domes’, and a late, fine-
grained phase that was in jected into the first two phases at
about the same time as min er al iza tion. The de posit it self is a 
dis rupted, blan ket-shaped de posit that formed late in the
de vel op ment of the plutonic suite. The de posit is par tially
con trolled and off set by the Adera fault sys tem, which
trends ap prox i mately north east and de fines much of the
south ern bound ary of the pre-ore Fourth of July batholith.
The ap prox i mately north-trending Boul der Creek fault sys -
tem ap pears to have lo cal ized em place ment of the late,
third-stage por phy ritic and aplit ic plutonic rocks.

Fig ure 5 shows most of the main rock types in the de posit.
They are listed, with hand-sam ple pho to graphs, in or der
from old est to youn gest. Coarse-grained quartz monzonite
(CGQM) is the main unit in the de posit. Most other rock
types cut this unit or are a tex tural vari a tion of it. Mafic
quartz-monzonite por phyry (MQMP) is an in tru sion that
post dates CGQM and oc curs to the east and south of the de -
posit. The con tact be tween the two units is a roughly north-
trending fault. Coarse-grained quartz monzonite is in ter -
preted to grade into tran si tional and hy brid va ri et ies
(CGQM-T and CGQM-H), which both rep re sent in creas -
ing ma trix con tent. These units oc cur as dikes, and also as
mappable phases on the south west ern end of the de posit
and in the north sec tion of the de posit. The north sec tion of

the de posit is the ‘cap’ of the sys tem that has been dropped
down and sep a rated from the rest of the de posit by the
Adera fault, a north east-trending nor mal fault. This area
also con tains crowded and sparse quartz-feld spar por phyry
(CQFP and SQFP), which rep re sent the tem po ral end-
mem bers of the CGQM evo lu tion. The se ries CGQM,
CGQM-T, CGQM-H, CQFP and SQFP coars ens in ward,
with SQFP be ing at the top of the stock and hav ing the
great est ma trix con tent, and CGQM be ing at the deep est
parts and hav ing a coarse-grained tex ture. In trud ing the
CGQM is the crowded and sparse quartz-monzonite por -
phyry (CQMP and SQMP) on the east end of the de posit, in
the cen tral pit area. This in tru sion dis ap pears to the south -
west; whether this is the re sult of a fault or sim ply a steep
con tact is not known. On the south west end, there is a youn -
ger in tru sion of me dium-grained equigranular quartz
monzonite (MEQM). Also oc cur ring at this end of the de -
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Fig ure 2. Lo ca tion of the Adanac Mo de posit; white box is the ap -
prox i mate lo ca tion of Fig ure 3.

Fig ure 3. Gen eral ge ol ogy of the Adanac de posit area (mod i fied
from Aitken, 1959).



posit in the form of a dike is megacrystic feld spar por phyry
(MFP). Through out the deposit, there are numerous fine-
grained dikes (FGQM) that cut all other rock types.

Mo lyb de nite min er al iza tion post dates all rock types and
ap pears in drillcore to post date hy dro ther mal al ter ation.
Min er al iza tion is in the form of quartz-vein stockwork.
Based on vi sual es ti mates in drillcore and con firmed by a
downhole geo phys i cal study done by Au rora Geo phys i cal
Con sul tants in White horse, Yu kon, most veins are
subhorizontal, and there is a sec ond set of veins that is
subvertical and trending east. There ap pears to be mul ti ple
min er al iza tion events. A broad gen er al iza tion can be made
that duc tile (sheared, in ter preted as form ing at high tem per -
a tures within hostrock), smoky quartz veins are early, and
that subhorizontal, lower grade, white quartz veins with
brit tle, sharp con tacts with the hostrock are rel a tively late.
There are also some rare veins that con tain other min er als
such as py rite, ga lena, huebnerite and chal co py rite. With -
out pre cise dates for each event, it is dif fi cult to de ter mine
how many min er al iza tion events oc curred and whether or
not there was a significant, if any, time lapse between them.

Al ter ation is not per va sive or in cred i bly strong in the de -
posit, at least rel a tive to cli max-type mo lyb de nite de pos its.
Early pri mary hy dro ther mal al ter ation ex ists in the form of
si lici fied zones and K-feld spar en ve lopes around veins, K-
feld spar floods and sec ond ary bi o tite, which is char ac ter -
ized by large (3–5 cm) bi o tite crys tals. Early pri mary al ter -
ation is more pro nounced at the south west end of the de -
posit. Late pri mary al ter ation in the de posit is mainly seen
as clay al ter ation and late 1 mm veins or frac tures con tain -
ing small amounts of py rite and com monly coated with cal -
cite and/or stilbite. Most clay al ter ation ap pears to be green
to black chlorite, judg ing from hand sam ple, and is prom i -
nent in faults. There is also some times an ap ple-green seri -
cite al ter ation that oc curs as rims on feld spars or per va -
sively al ters feld spars. This usu ally oc curs for a few tens of
feet above and be low faults, and re flects fault fo cus ing of
flu ids. A py rite-rich halo does not oc cur in the area of the
pro posed cen tral pit, but it can be seen in higher el e va tions
that sur round the de posit, still within the CGQM-T, or the
cap of the sys tem. Con ve niently for min ing, glaciation has
removed this halo from directly above the deposit and the
proposed pit area.
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Fig ure 4. Sur face ge ol ogy of the Adanac Mo de posit (mod i fied from un pub lished com pany re ports), show ing a cross sec tion of di a -
mond-drill holes from which sam ples were col lected for geo chem i cal anal y sis.



Research Objectives

The goal of this re search is two fold. The first goal is to de -
ter mine the place of the Adanac de posit within the spec -
trum of mo lyb de nite de pos its (i.e., a cli max type or quartz-
monzonite type, or a tran si tional type be tween these two
end mem bers) based on new drillhole and geo chem i cal in -
for ma tion ac quired in the last five years. Part of this goal
has been ob tained by study ing the trace-el e ment and
whole-rock geo chem is try at Adanac. Ad di tional work to
fur ther this goal, such as an al ter ation study and a study of
var i ous as pects of geo chron ol ogy at Adanac, is planned for
the ac a demic year of 2007–2008. The sec ond goal of the re -
search is to com pare the Adanac Mo de posit to in tru sion-
hosted Au de pos its in the North Amer i can Cor dil lera and to 
de ter mine whether there are geo chem i cal similarities
between Adanac and these deposits.

Results of Work Completed in 2006–2007

Rock Descriptions

Each rock type in the de posit was de scribed ac cord ing to
hand sam ple and thin sec tion anal y ses. These anal y ses
were done in or der to com ple ment the whole-rock geo -
chem i cal data and for com par i son to other mo lyb de nite de -
pos its. Rock types are roughly listed in or der from old est to
youn gest, based on cross cut ting re la tion ships. Be cause
cross cut ting re la tion ships are ab sent be tween a few rock
types, some relationships are uncertain.

Coarse-grained quartz monzonite (CGQM) is the old est
and most com mon rock in the Mount Leon ard stock (Fig -
ure 3). It is a weakly to mod er ately de formed pink or grey,
equigranular, coarse-grained (0.5–3.0 cm) gran ite to quartz 
monzonite. It con tains roughly equal amounts of K-feld -
spar, plagioclase and quartz. Mi nor bi o tite is pres ent. Two
sam ples of fresh CGQM were se lected for thin sec tion ex -
am i na tion. Quartz is the dom i nant min eral in both sec tions,
at 45–50%, with K-feld spar and plagioclase hav ing
roughly equal amounts at about 20–25% each. Bi o tite com -
prises 3–10% of the rock. Other min er als noted (sec ond ary) 
were chlorite re plac ing bi o tite, seri cite and kaolinite re -
plac ing feld spars, euhedral to paz (less than 0.1 mm),
euhedral py rite re plac ing or over print ing chlorite,
cogenetic pyrrhotite and mag ne tite re plac ing chlorite, and
the pres ence of cal cite. To tal sec ond ary min er als com prise
from 1 to 5% of the rock. Mi nor myrmekitic tex tures were
noted of quartz and feldspar (0.2 mm). Feldspar commonly
has perthitic texture.

Tran si tional and hy brid coarse-grained quartz monzonite
(CGQM-T and CGQM-H) are va ri et ies of CGQM that con -
tains in creased groundmass, 25% in tran si tional and 50% in 
the hy brid type. The groundmass is 2–4 mm in size. This
phase oc curs at con tacts where CGQM grades into FGQM.
It is pre sumed to be a vol a tile-rich re sid ual phase pre par ing
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Fig ure 5. Pho to graphs of rock types from drillcore, in
or der from old est (at the top) to youn gest (at the bot -
tom).



for the re lease of hy dro ther mal flu ids, as this rock type has
some fea tures that are not clearly mag matic or hy dro ther -
mal, such as graphic inter growths and myrmekitic tex tures.
This phase some times oc curs as early dikes that are cut by
min er al ized quartz veins. The com po si tion is the same as
CGQM. Thin sec tion ex am i na tion showed that CGQM-H
is 50% quartz, and 20% each of al kali feld spar and
plagioclase. Also noted were cal cite, bi o tite (fresh and al -
tered), py rite, mag ne tite, seri cite and chlorite (al ter ation
prod uct of bi o tite). Py rite and cal cite are as so ci ated and oc -
cur in the groundmass as 5–6 mm crys tals. Py rite also oc -
curs re plac ing chlorite along cleav age planes and re plac ing
mag ne tite. Mag ne tite oc curs in close prox im ity to bi o tite
and re plac ing chlorite. Seri cite oc curs as fine crys tals on
feld spars. In one sam ple, a 1 mm flu o rite grain was noted
along side calcite inside a plagioclase crystal. Calcite was
noted to postdate pyrite and magnetite.

Mafic quartz-monzonite por phyry (MQMP) is a grey rock
unit char ac ter ized by an in crease in bi o tite. This unit cuts
CGQM, but is cut by the two main por phyry units (listed
next). The MQMP unit con tains fine bi o tite crys tals
(1 mm), plagioclase crys tals (pheno crysts and groundmass) 
that are chalky white in col our and 5–7 mm in size, and
quartz pheno crysts are 6–10 mm in di am e ter, on av er age
smaller than plagioclase crys tals. The ma trix com prises a
mix ture of bi o tite, quartz and feld spar. From thin sec tion
anal y sis, this rock was noted to have slightly more feld spar
con tent than CGQM. Quartz com prises 40% of the rock,
while plagioclase and al kali feld spar makes up 50%, with
slightly more plagioclase than al kali feld spar. Bi o tite
makes up the other 10% of the rock, with sec ond ary min er -
als and zir con all mak ing up less than 1%. Py rite and mag -
ne tite are both pres ent re plac ing bi o tite and chlorite, while
chlorite ex clu sively re places bi o tite. Py rite is more
euhedral than mag ne tite, and both are about 0.4 mm in size.
Kaolinite and seri cite were noted as fine dust ings on feld -
spars. Anhedral cal cite was noted near the py rite- and mag -
ne tite-al tered bi o tite. Graphic inter growth tex ture was
noted in one 0.5 mm sized area. Tex ture appears to be made
up of feldspar and quartz ‘liquid like’ streaks.

Sparse and crowded quartz-monzonite por phyry (SQMP
and CQMP) are youn ger than CGQM and MQMP. They
both con sist of white plagioclase, pink orthoclase, quartz
and bi o tite pheno crysts that are 2–6 mm in size, in a light
brown ish to pink ish apha ni tic ma trix. In the sparse va ri ety,
pheno crysts make up 10–30% of the rock and in the
crowded va ri ety, about 60–80%. The SQMP may be
slightly youn ger, as it is seen to some times cut the crowded
ver sion. The thin sec tion anal y sis de ter mined that quartz
makes up about 45% of the rock with plagioclase and al kali
feld spar at about 25% each. Bi o tite is about 4% in some of
the sam ples, and opaque min er als such as py rite, mag ne tite
and mo lyb de nite com prise the rest. One zir con crys tal was
noted, with a brown ish to or ange dam age halo at about

0.5 mm in size. Chlorite is com monly seen to re place bi o -
tite, and feld spars have dust ings of clays (which ap pear to
be kaolinite and seri cite) clus tered in the cen tres of crys tals. 
In two sam ples, it was noted that mo lyb de nite does not oc -
cur in veins but in cleav age planes of al tered bi o tite (to
chlorite). Mo lyb de nite crys tals are large (1 mm) and
euhedral. Clus ter ing around the mo lyb de nite and ap pear -
ing to post date it are small amounts of subhedral, 0.3 mm
sized sphalerite and ga lena grains. Some larger, subhedral,
1 mm sized py rite crys tals were noted, and nearby in the
same field of view, small mag ne tite crys tals (0.2 mm,
euhedral) with a chal co py rite grain (0.1 mm, euhedral)
were noted next to the mag ne tite. These sulphides were not
in veins but oc curred near chlorite. In one sam ple, ga lena
was clearly seen to be re plac ing py rite. One small area
(0.3 mm) exhibited graphic intergrowth textures, as
mentioned above.

Me dium-grained equigranular quartz monzonite (MEQM)
is a rock type that is not wide spread in the de posit. It is pos -
si bly a tran si tion be tween CGQM and FGQM, but may also
be a sep a rate in tru sion at the south west end of the de posit. It 
has a mo saic tex ture that is equigranular, and con sists of
equal amounts of quartz, plagioclase and al kali feld spar
grains that are about 1–2 cm. Bi o tite is pres ent as well, with
crys tals about half this size. In thin sec tion, it was noted that 
bi o tite is more abun dant than in CGQM or FGQM. Bi o tite
makes up 15% of the rock. Quartz, plagioclase and al kali
feld spar com prise roughly equal amounts at 25% each.
Other min er als are zir con, clay dust ings on feld spars, cal -
cite, chlorite, py rite and mag ne tite. Py rite is re plac ing feld -
spar and magnetite is replacing chlorite.

Megacrystic feld spar por phyry (MFP) is no tice ably dif fer -
ent from other rock types in the de posit. It con sists of a dark
blue ma trix, is very fine grained and con tains small bi o tite
crys tals (1 mm). Pheno crysts are rounded, 6 mm smoky
quartz eyes, and larger, 1–4 cm plagioclase and al kali feld -
spar crys tals that are euhedral. It is not wide spread and usu -
ally oc curs as dikes or sills (cut ting CGQM and MQMP) on
the south west end of the de posit. The rock some times ex -
hib its mylonitic tex ture. In thin sec tion, quartz is 40% of the 
rock, bi o tite is 15% and plagioclase and al kali feld spar are
20% each, roughly. The ma trix is mostly ex tremely
microcrystalline quartz and feld spar (<1/30 mm) with
intergrown bi o tite. Feld spars are mod er ately to strongly al -
tered to kaolinite and/or seri cite. Feld spars some times ex -
hibit poikilitic tex tures, with plagioclase (1 mm) in side
larger al kali feld spar. The rock has an in creased amount of
opaque min er als, mostly py rite and mag ne tite with mi nor
chal co py rite and pyrrhotite, com pris ing up to 7% of the
r o c k .  O p a q u e  mi n  e r  a l s  o c  c u r  w i t h  ‘ v e i n s ’ o f
microcrystalline quartz that are not vis i ble to the naked eye
and may be flow textures. Magnetite replaces chlorite.
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Fine-grained quartz monzonite (FGQM) is prob a bly the
youn gest rock type in the de posit, as it is seen to cut all other 
units. This unit oc curs as both dikes and sills through out the 
de posit. It is also noted in drillcore to post date hy dro ther -
mal al ter ation such as sili ci fi ca tion. It is a brown ish to pink -
ish rock type that is equigranular and ap pears to be a mix -
ture of white and pink feld spar, quartz and trace bi o tite. The 
grain size ranges from less than 1 mm to about 3 mm. In thin 
sec tion, FGQM is noted to con tain roughly equal amounts
of quartz, plagioclase and al kali feld spar, usu ally at about
90% of the rock. Bi o tite makes up 5–10%, with sec ond ary
min er als com pris ing the rest. The sec ond ary min er als in -
clude chlorite re plac ing bi o tite, clays and cal cite re plac ing
feld spars, and small grains (0.2 mm) of py rite or mag ne tite,
euhedral to subhedral, ei ther in the ma trix or re plac ing bi o -
tite or chlorite. There is an el e vated amount of graphic
inter growth tex tures (quartz and feld spar) in one thin sec -
tion where FGQM is a dike cut ting CGQM. Where this
small dike (1–2 cm) co mes into con tact with CGQM,
CGQM has in creased clay al ter ation of feld spars. In one
thin sec tion, there ap pears to be two mix ing phases of
FGQM, one with very fine grains (less than 0.1 mm) and
an other with grain sizes of about 0.2 mm. In one sam ple
where FGQM is com pletely ‘by it self’ (i.e., not in con tact
with other phases or quartz veins), the rock is noticeably
fresh (no clay).

Whole-Rock Geochemistry

Ma jor el e ment geo chem is try was de ter mined for 10 sam -
ples of fresh rock, one from each ma jor rock type in the de -
posit. The anal y ses were done at ACME An a lyt i cal Lab o ra -
to ries Ltd. in Van cou ver, BC, us ing in duc tively cou pled
plasma–emis sion spec tros copy. The rock types in clude
CGQM and its tran si tional va ri et ies (CGQM-T and
CGQM-H), the feld spar por phy ries (CQFP and SQFP),
which rep re sent the cap of the sys tem, MQMP, the two por -
phyry in tru sions (SQMP and CQMP), MFP and MEQM.
Nor ma tive min eral amounts were cal cu lated us ing the
CIPW (Cross et al., 1903) method. Ac cord ing to the In ter -
na tional Un ion of Geo log i cal Sci ences (IUGS) sys tem of
clas si fi ca tion (Streckeisen, 1973), all rocks in the suite are
gran ite. The rocks have an av er age of 35% nor ma tive
quartz. Al kali/to tal feld spar ra tios in each rock type were
about 50. An al kali-lime in dex at 50 wt% SiO2 was cal cu -
lated, mean ing the rocks are fur ther clas si fied as al ka line. It
was also de ter mined that the suite is peraluminous, and a
se ries of Harker di a grams was also made. With in creas ing
sil ica, Al2O3, Fe2O3, MgO, CaO, TiO2, P2O5, MnO, Ba, Sr
and Zr de crease; Rb, Na2O and Cr2O3 re main con stant; and
K2O increases.

Pub lished lit er a ture on por phyry Mo de pos its broadly out -
lines two ba sic types of de pos its: the gran ite and quartz-
monzonite types (Suther land Brown, 1969; White et al.,
1981; Wallace, 1995). Westra and Keith (1981) rec og nized

that these two ba sic types can be sep a rated based on the
K2O value at 57.5 SiO2 wt%. A nat u ral di vid ing line oc curs
be tween those de pos its with a K2O value of less than 2.5%
and those with val ues above that. If the value is less than
2.5%, the Mo de pos its are clas si fied as the ‘calcalkaline’
quartz-monzonite type with low F val ues. These de pos its
typ i cally have lower mo lyb de nite grades, lit tle Sn, and W is 
pres ent as schee lite. Source plutons have be tween 100 and
350 ppm Rb, and be tween 100 and 800 ppm Sr (Fig ure 6).
Those de pos its with val ues above 2.5% are broadly re -
ferred to as the cli max type of Mo de posit. These de pos its
are as so ci ated with al kali-calcic to alkalic gran ite, and are
en riched in F and Sn. Ru bid ium con tent of the source
plutons is typ i cally 200–800 ppm, with less than 125 ppm
Sr (Fig ure 6). The mo lyb de num grades are typ i cally higher
and W is pres ent as wolf ram ite. Us ing the Westra and Keith
(1981) clas si fi ca tion scheme of por phyry Mo de pos its, the
K2O value at 57.5 wt% SiO2 (K2O57.5) was cal cu lated at
>2.5% for the rocks of Adanac. All of the rocks at Adanac
con tain be tween 70 and 76% sil ica, so the K2O value had to
be ex trap o lated con sid er ably. Fig ure 6 il lus trates how the
K2O57.5 value is con sis tent with the Rb vs. Sr data in di vid -
ing por phyry mo lyb de nite de pos its based on geo chem is try.
Since gran ite and quartz-monzonite Mo de pos its have
these dif fer ent and pre dict able geo chem i cal char ac ter is tics, 
they should be use ful in de lin eat ing the na ture of the sys tem 
at Adanac. Fresh rock types at Adanac group well with
other cli max-type de pos its based on Rb and Sr ra tios, as
well as on the ba sis of the K2O57.5 value.

Trace Element Zonation

A se ries of cross sec tions in the de posit were com pleted in
or der to show trace-el e ment zonation in com par i son with
de posit ge ol ogy. Four ex am ples of the main (A–A’, re fer to
Fig ure 4 for cross-sec tion lo ca tion) cross sec tions are
shown in Fig ures 7–10. Fig ure 7 shows Mo val ues con -
toured against a black-and-white back ground of ge ol ogy.
High Mo val ues (670–1430 ppm) oc cur as a blan ket over
the main por phyry in tru sion and the blan ket steeply dips off 
to the west, where it is above the apex of an other in tru sion,
the MEQM. High F val ues (Fig ure 8, 1000–3300 ppm) oc -
cur geo graph i cally above and pe riph eral to the Mo highs.
Tran si tional phases of CGQM (CGQM-T, CGQM-H and
the feld spar por phy ries) typ i cally have higher F val ues,
while CGQM it self has rel a tively lower val ues. In
drillholes 333 and 321 (at the south west end of the sec tion,
Fig ure 8), the CGQM ex hib its in creased ma trix con tent
(CGQM-T) and has high F val ues. The Adera fault is par al -
lel and north of the cross sec tion of Fig ures 7–10. This fault
has dropped the cap of the sys tem, and the SQFP and CQFP
are in the hangingwall. The highest F values in the deposit
occur here in the SQFP and CQFP.

The av er age back ground val ues of W, Pb and Zn in an al ka -
line gran ite are 16 ppm, 15 ppm and 108 ppm, re spec tively
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Fig ure 6. Graph show ing Rb and Sr val ues for var i ous types of por phyry de pos its, in clud ing Cu por phyry and a W-Mo por phyry (Mt. Pleas ant). The K2O57.5 value fields are su per -
im posed on the graph. As their K2O57.5 value would in di cate, rocks at Adanac fall within the field of cli max-type de pos its.



(Robb, 2005). Both W and Pb are el e vated (100–200 ppm)
in the cen tral pit area (Fig ures 9–10). While the higher val -
ues for Zn in the cen tral pit area (also around 100–200 ppm) 
are not anom a lous for an al ka line gran ite, they are el e vated
rel a tive to the per va sive low val ues (~10 ppm) else where in
the de posit. Tung sten highs oc cur as thin blan kets co in ci -
dent with the high-Mo zones. El e vated Pb and Zn oc cur
only near faults within the mo lyb de nite zone. Cop per and
Sn have val ues of 10 ppm or less in the cen tral pit. Out side
of the cen tral pit area (and thus out side of the main mo lyb -
de nite min er al iza tion zone), higher val ues of Cu, Pb and Zn 
(200–1000 ppm) may be pres ent at faults and in sili ci fi ca -
tion zones. There is less than 0.1 ppm Au throughout the
deposit.

A cor re la tion ma trix was cal cu lated for a suite of 41 trace
met als plus F. Mo lyb de num cor re lates with no other el e -
ment in the de posit. Zinc cor re lates with Cu, Pb, Ag, Sn and
Cd. These cor re la tion co ef fi cients are near 0.5 for all ex cept 
Cd, which is 0.8. Cop per cor re lates with Sn and Mn (cor re -
la tion co ef fi cient ~0.5). Lead cor re lates with Ag, Mn, Cd
and Sb (co ef fi cient ~0.5). Ar senic also cor re lates with Sb
(0.7). Tung sten does not cor re late with any other el e ment.
Tin cor re lates with Cd (0.6). Flu o rine cor re lates with Th
(0.5), Y (0.6) and Zr and Hf (0.7). The im pli ca tions of these
correlations are still being considered.

2007 Summer Field Season and Future
Work

The 2007 sum mer field sea son was spent log ging core and
pre par ing var i ous cur rent de posit maps as re quired. Maps
were pre pared show ing up dated drillhole lo ca tions, in clud -
ing the 2007 drill pro gram. Also up dated were fault lo ca -
tions, var i ous struc tures such as joints, and the cur rent un -

der stand ing of sur face rock type. An other main fo cus of the 
sum mer was sam pling and prep a ra tion for the 2007–2008
ac a demic year goals. The goals for the com ing ac a demic
year are out lined be low. An ac com pa ny ing sche matic di a -
gram (Fig ure 11) il lus trates some im por tant sam ple lo ca -
tions.

Alteration Study

The first as pect of the al ter ation study is the cre ation of a se -
ries of cross sec tions of the de posit with a fo cus on
megascopic al ter ation pat terns. Be cause of the lack of sur -
face ex po sure, the dis tri bu tion of al ter ation types has been
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Fig ure 7. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur -
rences, faults and some sili ci fi ca tion zones) in black and white, and 
Mo (in ppm) con toured against the black-and-white back ground.



de ter mined based pri mar ily on drill logs. All the holes from
which the cross sec tions were cre ated were relogged over
the sum mer with a fo cus on al ter ation. These data are be ing
plot ted on the same cross sec tions as the trace-el e ment data
and will be uti lized to out line the lo ca tions of early pri mary
hy dro ther mal al ter ation, such as sili ci fi ca tion and K-feld -
spar flood ing, and some late pri mary al ter ation, such as
zeolite and calcite veins (propylitic).

An x-ray dif frac tion (XRD) study of the dis tri bu tion of clay 
types in the de posit will be un der taken to fur ther re fine the
al ter ation zon ing. Sam ples of clay al ter ation were taken

from stra te gic ar eas of the de posit to pro vide three-di men -
sional spa tial cov er age. Based on drillcore ob ser va tions,
most clay al ter ation oc curs at faults; how ever, within the
faults, there may be zon ing pat terns out ward from high-
grade ar eas and feeder zones, pre sum ably rep re sent ing
vari a tions in fluid chem is try and tem per a ture. In ad di tion,
be cause dif fer ent faults dis play dif fer ent char ac ter is tics,
such as dark green gouge, or recemented white sheared
faults, some paragenetic in for ma tion may also be gleaned
from these clay stud ies. These data will be uti lized to com -
pare patterns between Adanac and other molybdenite
deposits worldwide.
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Fig ure 8. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur rences, faults and some sili ci fi ca tion zones) in black
and white, and F (in ppm) con toured against the black-and-white back ground; key as in Fig ure 7.

Fig ure 9. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur rences, faults and some sili ci fi ca tion zones) in black
and white, and W (in ppm) con toured against the black-and-white back ground; key as in Fig ure 7.



In con junc tion with the XRD work, rep re sen ta tive thin-
sec tion pe trog ra phy of each al ter ation type in the de posit is
planned. Forty-five thin sec tions are cur rently be ing made.
These sec tions will be uti lized to as sess the re la tion ship(s)
be tween var i ous clay spe cies and their pre cur sors, thus al -
low ing a better un der stand ing of wa ter-rock in ter ac tion
during mineralization.

Geochronology

The sam pling com pleted over the 2007 sum mer field sea -
son was de signed to al low us to de ter mine pre cise ages for
min er al iza tion; to de ter mine if there are mul ti ple stages of

min er al iza tion; and to com pare and pos si bly cor re late min -
e r  a l  i z  i n g  e v e n t s  w i t h  m a g  m a t i c  e v e n t s .  T h i s
geo chron ol ogi cal study also aims to de ter mine the du ra tion
of the min er al iz ing event or events that occurred at Adanac.

The first as pect of the geo chron ol ogi cal study is the dat ing
of min er al iza tion events us ing Re-Os iso topes in mo lyb de -
nite from var i ous sam ples, as shown sche mat i cally in Fig -
ure 6. Twenty sam ples have been col lected for pos si ble
anal y sis. The sam ple lo ca tions are based on hy poth e sized
cen tres of min er al iza tion and ob served paragenesis as
described below:
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Fig ure 10. Cross sec tion A-A’, show ing ge ol ogy (rock type oc cur rences, faults and some sili ci fi ca tion zones) in black
and white, and Pb (in ppm) con toured against the black-and-white back ground; key as in Fig ure 7.

Fig ure 11. Sche matic di a gram rep re sent ing sam ple lo ca tions through out the de posit. The cross sec tion fol lows the same ori en ta tion
as A–A’. Bi o tite sam ples (black cir cles) are for microprobe anal y sis, in or der to de ter mine changes in trace-el e ment con tent in early
flu ids. Mo lyb de nite sam ples (black stars) are for Re-Os iso tope geo chron ol ogy and for an x-ray dif frac tion (XRD) de ter mi na tion of
polytype. A sam ple of fresh rock for U-Pb zir con age dat ing was taken within 30.5 m (100 ft) of each mo lyb de nite sam ple. An at tempt
was made to col lect sam ples from dis tinc tive ar eas in the de posit, e.g., feeder zones, lat eral dis tance from feeder zones and the ‘cap’
of the sys tem. These ar eas are la belled on the map, along with their as so ci ated rock types. Shaded ar eas rep re sent high-grade
zones.



• Feeder zone: the south west por tion of the sys tem, as
pres ently un der stood, dis plays an in creased amount of
early pri mary hy dro ther mal al ter ation. It also con tains
the most myrmekitic and uni di rec tional so lid i fi ca tion
tex tures, sug gest ing a vol a tile-rich area of the de posit.
This area is where the pro posed ear li est stage of
mineralization is located.

• Prox i mal to the feeder zone: sam ples from the main pit
area and the south ern and far east ern ends of the de posit
are be lieved to be late-stage min er al iza tion, based on
the large lat eral dis tance from the feeder zone.

• Cap ar eas and up per por tions of drillholes: the anal y sis
of sam ples from larger ver ti cal, as well as lat eral, dis -
tances away from the feeder zones may be later stages of 
min er al iza tion, or may rep re sent an evo lu tion from the
flu ids pass ing through the feeder zone.

• Sam ples in cluded dif fer ent types of mo lyb de nite veins:
in ad di tion to spa tial vari a tion, there are clearly two
types of mo lyb de nite veins, namely ‘fine mo lyb de nite
in duc tile veins’ and ‘coarse mo lyb de nite in brit tle
veins’ (i.e., veins have a sharp con tact with host). Based
on cross cut ting re la tion ships ob served in drillcore, the
mo lyb de nite veins that are ‘duc tile’ and con tain fine
mo lyb de nite are older. A pre cise date will in di cate the
time lapse be tween these two mineralization events.

• Vein paragenesis: sam ples in cluded mo lyb de nite from
veins with dif fer ent as so ci ated min er als. There is mo -
lyb de nite in veins by it self, in veins with py rite and also
in veins with other sulphides (chal co py rite, ga lena). Un -
for tu nately, these dif fer ent types of veins are seen so
rarely that tem po ral re la tion ships be tween them can not
be de ter mined. There fore, geo chron ol ogi cal anal y ses
may yield in sights into the paragenetic sequence of vein
types.

In con junc tion with the dat ing of min er al iza tion, the tim ing
of mag matic events will be de ter mined us ing U-Pb iso tope
ra tios in zir cons. Sam ples of each rock type in the de posit
were taken for age com par i son. These in cluded cer tain
tran si tional phases pres ent of each rock type, such as the
tran si tional va ri ety of the coarse-grained quartz monzonite, 
and aplite dikes, which are typ i cally as so ci ated with a main
rock type, such as CGQM. Ages of in tru sion based on the
zir con data will be com pared to the tim ing of min er al iza tion 
based on the Re-Os. Sam pling lo ca tions for zir con are pri -
mar ily based on lo ca tions of mo lyb de nite Re-Os sam ples,
i.e., a sam ple for each rock type was taken in prox im ity
(within 30.5 m, or 100 ft) of a mo lyb de nite sam ple. In ad di -
tion, there was an ex tra sam ple taken of FGQM near the
west end of the prop erty, as op posed to the cen tral pit area,
to see if there is an age dif fer ence that may re flect lo cal ther -
mal vari a tions. It is hy poth e sized that that deeper rock types 
on the south west end (MEQM) will yield ages closest to
mineral izat ion,  and thus  may indicate a genetic
relationship.

Two other types of stud ies will be car ried out in par al lel
with the geo chron ol ogi cal work. The first of these is a
microprobe study of biotites to de ter mine trace-el e ment
con tent, par tic u larly F, S and Se. Un der stand ing the tem po -
ral evo lu tion of volatiles in the mag matic sys tem, as re -
flected in bi o tite, may pro vide in sights into mo lyb de nite
min er al iza tion in the con text of the evo lu tion of the mag -
matic sys tem. Pri mary mag matic bi o tite sam ples were col -
lected from feeder zones of the de posit and lat er ally in var i -
ous rock units. Sec ond ary bi o tite from feld spar flood zones
was col lected as well, mov ing lat er ally from the feeder
zone and into the cen tral pit, and out to the far south and east 
ends of the deposit.

The sec ond an cil lary study com prises an x-ray dif frac tion
study of mo lyb de nite to de ter mine polytype. The same
sam ples used for Re-Os geo chron ol ogy are a good rep re -
sen ta tion of each type of min er al iza tion from each dis tinct
area of the de posit and will be used for the polytype study.
There are two polytypes of mo lyb de nite: the hex ag o nal 2H
and the rhombohedral 3R. The 2H type is far more com mon
than the ex otic 3R, with the for ma tion of the lat ter largely
de pend ent upon im pu ri ties (com monly Re) in the mo lyb de -
nite crys tal (Newberry, 1979). Vir tu ally noth ing is known
about the polytype or trace-el e ment con tent of the mo lyb -
de nite at Adanac. If there is a vari a tion in polytype, it may
be cor re lated with age, vein type or lo ca tion, and thus may
be indicative of an evolving system.

Regional Exploration Model

A much broader study of other Mo de pos its by com par i son
of datasets, such as whole-rock geo chem is try, is nec es sary
to up date and re fine the ex plo ra tion model for these de pos -
its. In par tic u lar, pre lim i nary work in di cates that the geo -
chem is try of plutons as so ci ated with mo lyb de nite de pos its
and in tru sion-hosted Au de pos its is sim i lar (e.g., re dox
state of the as so ci ated plutons; trace- and ma jor-el e ment
chem is try of as so ci ated plutons; min eral and el e men tal as -
sem blages such as high Be, Te and W, and low and pe riph -
eral Cu, Pb and Zn). Ad di tional work is re quired to de ter -
mine just how sim i lar the geo chem is try is, and whether
there is a ge netic link be tween these de posit types. This will 
proceed on two fronts, which are described below.

We will con tinue to com pile and com pare data from mo lyb -
de nite and in tru sion-re lated Au de pos its in the west ern
Cor dil lera of North Amer ica. In par tic u lar, we ex pect to
both com pile and gen er ate some new data, such as iso to pic
data, that can be uti lized in con junc tion with more tra di -
tional geo chem i cal data to help de lin eate sim i lar i ties and
dif fer ences among systems in the Cordillera.

At a more lo cal scale, ex plo ra tion of the con nec tion be -
tween the Adanac Mo de posit and lo cal placer gold de pos -
its may yield in sights into pos si ble links be tween Mo and
Au. To do this, the ini tial Os iso tope sig na ture of lo cal
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placer gold will be com pared with the ini tial Os iso tope sig -
na ture of the Adanac hy dro ther mal sys tem. Sam ples of
mag ne tite in the same vein with mo lyb de nite have been col -
lected and (if suf fi cient Os is pres ent for anal y sis) will be
an a lyzed for ini tial Os iso tope ra tios. These data should be
sim i lar to the cal cu lated ini tial Os iso tope ra tio from the
mo lyb de nite. The data from the Adanac de posit will then be 
com pared with the ini tial Os iso tope sig na ture of placer
gold sam ples from the lower reaches of Ruby Creek, just
down stream from Adanac. If the sig na tures are sim i lar, it
may be pos tu lated that a hy dro ther mal sys tem(s) of the
same age in the same area are re spon si ble for both Au and
mo lyb de nite min er al iza tion. Thus the two sys tems may
have a ge netic link. This has ob vi ous ram i fi ca tions for both
molybdenite and Au deposits at a large scale in terms of
both genesis and exploration.

Conclusions

The Adanac Mo por phyry de posit falls into the cat e gory of
a cli max-type de posit on the ba sis of geo chem is try of Rb,
Sr and K2O57.5. The hostrock and min er al iz ing pluton is a
peraluminous, alkalic gran ite. Trace-el e ment dis tri bu tions
in di cate a cen tral blan ket of Mo with co in ci dent, but spo -
radic W. High est F val ues oc cur pe riph eral to the main Mo
zone, and other met als show an am big u ous zon ing pat tern.
Hy dro ther mal al ter ation is sim i lar to, but con sid er ably less
intense than, typical climax-type systems.

Fur ther re fine ment of the al ter ation and trace-metal
zonation pat terns is un der way. Geo chron ol ogi cal mea sure -
ments over the com ing year will more clearly elu ci date the
tim ing and du ra tion of both mag matic and hy dro ther mal
min er al iza tion events. Broader com par i son of Adanac to
other mo lyb de nite de pos its, as well as to in tru sion-hosted
Au de pos its, will al low us to fur ther re fine our ge netic and
tec tonic mod els for both deposit types in the Canadian
Cordillera.
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