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ABSTRACT 
l%e llvut Lakestockww-kmolyWemun dipasit is t e y  

andspatir& m&ed to the empkmmt of a Me ~~etcacleorcs 
gmnaiiorite-tonalitest& m svuthmdem BIritirh Cwmbiilandmrl- 
tains an estimcrted 49 miUion t o m  gmding 0.19% MoS,' No 
d zonation patterns are appment, with the exceptbn of pwi- 
pheral tungsten skam, and @o&n w guided hugely by geo- 
logicul interpretalin. It is &&al of the grmtaliotite, or 
j l l m l i w ~ ~ O f ~ ~ ~ * M @ ~ i s ~  
within a qm&$ki@xir vein stockwork and coeval d k m h t b n  
in i'(andless comma@ n&zdhen m)**Ingene7al, 
m o & Z & n & k ~ n g & ~ w i t h ~  f-, but in &tail 
it is intimately amciizted with Mpient musmite m p M  of 
albite and K$&&xq; vehs that -&ck f- me aka tvpicauV 

ation (andprecjPitation in vein) war an importmrtpmamvr to 
mirwmlriation, and the otxumme of rsimilra kxium &when? (e.g. 
H e n )  suggest that eyaly faldspathicaltemtion k to 
thegenesis of mdywauun dc?pariis in gemd. Mdybdenite dipmi- 
tion at Tbut Lake wa~prreaadad by mntact m&munphism, skmn 
andpt&altemtiOn, andwar overprinted by musmvite-mrkerite 

by the mefmnolphic and altemthn minerel asembhgm (35OOC to 
45OOC); however, with time, bt!wne hcmaing& more & 
and enricIEed in CO, In light of the intimate rnolybdenite 
m u # r o v i t e ~ ~ t h e ~ o f p H ~ d 1 ? . m q l i o r  
conttvl on mineralization. 

I 

~ o f m o & ~ .  nteJlets$uressuggestt thatf~aHsr- 

@ * ) - w - ~ d r a n g o s - -  

$ 

i? 

Introduction 
Granite-hostedmolybdemm deposits canbeclassified in terms 

of the composition of the related intrusion, e.g., the granodiorite 
and granite types of'Mutschler ct al. (1981), or the d c e ,  
alkalicalcic, and alkalic types of BWra and Keith (1981). They 
havealsobe!ul~onthebasisof t h c i r f h r o r i n e a m t m t s ~  
adore and Memic, 1984) with the fluorinsrich and -poor varieties 
roughlyco~n~tograniteandgranodi~deposi~, 
respectively. For economic reasons, most exploration and mearch 
has COIlcQltrated on the high-gdehrge tonnage granitetype of 
deposit, wcempfified by CIimax. Fluorine-poor, granodiorite-type 
deposits are, however, the most common type in Canada and have 

been mined in the past (e.g., Endako). In this paper, the authors 
summafize the research that has been carried out on the fluorine 
poor Trout Lake deposit (Boyle and L&&, 1983; Linnen, 1985; 
Linnen and Williams-Jones, lw, 1990) and use what has been 

poor, granodionte-type molywenurn deposits. 
learned to develop guidehes for the future exploration of fluorine 

Location and History 
The Trout Lake deposit is located in the selldrk Mountains 

stoke and 430 km east of Vanamvex (F'ig. 1). The deposit is ex- 
posed at 1450 m to 1520 m elevation along the northern ridge of 
Trout Mountain, with the ridge sloping 15" to 40" on either side. 
The first claims on the property were staked as the Lucky Boy and 
the Copper Chief in 1897 and 1901, respectively. A total of 414 
tonIEs of haxld~mfrc#nsnallquartzveinswasshjppedfrwn 
the Lucky Boy be!tween 1901 and 1917, from which 2898 kg of 
silver and 121 tomes of lead were m e r e d ;  a further 18 tonnes 
of tungsten ( s c h d )  ore was shipped in 1W2 (stcvenson, '1943). 
Numcrus other base and preciouS metal deposits are present in 
the district, many of which were exploited wound the turn of the 
Centrury. 

M0Iy'Md.e was fmt reported in 1917, but it was not d 1969 
that a subsidiary of Scurry Rainbow Oil Ltd. carried out a trench- 
ing and diamond drillkg program. The property was optioned by 
NevVmont Exploration of Canada in 1975. From 1976 to 1982, a 
Newmont/Esso Minaals Canada Ltd. j o i n t V e n t u r e p r 0 ~ ~ -  
edthe deposit by diamond drilling, initially bmsurfaoe, and sub 
sequently by ring drill& from an exploration adit. The pipelike 
stockwork deposit extends Eromsurfaceto a depth of greater than 
1OOOmand contains estimatedreserves of 49&m tomes grad- 
ing 0.1Wo M e  at a cutoff grade of 0.lVo MOS, (Wised fram 
50 million tonnes grading 0.23% M e  quoted m Boyle and 
Lcitch, 1983). Thepropatyhas been inactive since 1Ps2and is now 
wholly owned by NewmoIlt Wes Ltd. 

(50"38'N, 117"36'W, NTS 82W12E), 60 km southeast Of Ratel- 

r 

Exploration Technlques 
Errploration at Trout Lake has consisted of prospectjng, gee- 

logical mapping, trenching, mil, silt and rock geochemical sump, 
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a magnetometer survey, diamond d d h g  (125 holes totahg.39 OOO ing (Fii. 2, kyle  and Leitch, 1983). 'Ihe 20 ppm Mo contom @%& 
m), the driving of an adit (1300 m to reach the deposit and 700 2)indicat.e~ somedownsbpe-of moiyMenumtothed- 
m within it), bulk sampling, metahrrgical testing, and enginelaing/ 
feasibility/envir~ent.al stub. The natural exposwe of molyb to the south. A more extensive tmgsten anomaly (500 m by 2Oc)o 
d& was limited to a few square metres and prospechg estab m at the 120 ppm contour) overlaps with that of molybdeam and 
lished the presence of stockwork molybdenum and tugsten skarn probably origbtts from the s c h e e l i t e m  skarns adjacent to 
m a .  ext& ofthe at &ace was the molyb&mm Wyle and L&&, 1983). 
delineated by a trenching program using a bulldozer. Sampling of The magnetometer survey showed only a few scatted mom- 
€3-horizon soils yielded a geochemical anomaly (defined by the 100 lies, related to pynhotite contained in the skams; the granodioritc 
ppm Mo amtow) extcnding lo00 m southeast from the mineral- stock could not be outlined magne!tically. Consequatly, WlOm- 
ized zone along the side of the valley, as a result of glacial smear- 

east and northwest, as well as lesser bedrock sources up the 

tion was guided almost entirely by geology and alteratian. 
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Geological Setting 
Regional Geology 

The Trout Lake stock is a late Betaaous ps-linematic, 
ganodiaitetona!ite intrusion that was emplaced in the l o w  
palawic Lardeau Group of the Selkirk allochthon (76 Ma; kyle  
and Leitch, 1983). The Lardeau Cimup, in the area snrrounding 
the stock, mnsists of pelitic quartzite, m b l e ,  calcareous phyllite, 
falcareous q d t e  and metavoicanic mb, that rind- Jurassic 
~ O M I  metamorphism and deformation mead and B m ,  1981). 
Major fold axes of the Jurassic deformation trend northwest- 
southeast, as do most of the faults in this area (&. 1). An impor- 
tant exception is the north-south trending Z Fault, along which the 
Trout Lake stock was intruded. Slickensides defmed by molybdenite 
and mineraked vdns cut by faults indicate that some faults, in- 
cluding the 2 Fault, were aetiVe after (and possibly during) molyb 
denite deposition. 

Contact Metamorphism 
A contact metamorphic aureole, with dimenrions of 1.2 km by 

zbn at smfaee. was devdopd duringthe anplacemat of the stak. 
& is most &y recognized in the calcareous lithologks, where 
thereadion2dinozOisite + Co, = 3anorhite + calcite + Hp 
has been.used to define the outermod amtact metamorphic isograd 
(Ti@ 3). At dace ,  the higbest gade contact metamorphic assem- 
blage in the &-silicate rocks consists of muscovite.chlonte&unolib 
&m&ibplagioclase-K-fddspwuam. The lack of contact meta- 
morphic diopside and the presence of diwzoisite indicates that the 
temperature and the x.4 of the contact metamorphic fluid were Alteration 

Four major types of altesationareremgnkd mthe Trout Lake low, <4M)OC and <0.05. respd~vely. The subsurface equivalent, 

system: skam and caIc&ca!e, potassic, quartz-feldsparmuswvite, calc-silicate hmfels, was closer to the magmatic heat-source Fk. 
and m ’ eite. Aithmgh different stages of altaation have 4). and the assemblage biotitetremo!ite4Ion&plagidwqW 

titanite (&feldspar and dinowisite absent) remrds a higher tan- sane -=cornon, of the al-.on ~ is tanporany 
per- m e t a m o r p ~ ,  2440°C (Linnen and Williams-Jones, distinct, skam consists dominantly of clinopyroxene and 1990). mvrs as a replacement of marhle along fa* adjacent to the Trout 

Contact metamorphic isograaS could not be established in the ~ a k e  vg. 6), and hosts minor scheelite. Tranolite f dinmi- 
&itic Iithologies, b o w = ,  the modal abundance of biotite site IocaUy replaces dinopyroxene and. in turn, is replaced by bic- 
decreases, and that of chlorite h-, with distance from the tite and/or calcite, indiaing that skam predated potassic (biotite) 
Trout Lake stock. The West Brade metamorphic PeMC units alteration. Calc-silicate alteration (molite-clinmisite) is IoCaUy 
( q u m - ~ t i t e  horofels) also rarely contain remnant andalusite in observed to overprint homfek throughout the deposit. 
the cores of muscovite porphyroblasts, indicating that the The manifestation of potassic alteration is dependent on the 
during Contact metamorphim was <3.8 kbar WOldaWaY, 1971). ofthe host rock. Biotite haloes are observed around quari~ 

albite f K-feldspar veins whicb mosscut quartz-biotite and calc- 
silicate homfels. Typically. the quartzalbite veins also contain pyr- 
rhotite. minor chalcopyrite, and rarely. molybdenite. It is difficult 

At surface the Trout Lakc stock mnsists of only a few grawdi- diffaenfiate metasomatism and contact metamorp& in quartz- 
ante and tonalite dikes over an area of 120 m by 300 m, but thw and &&ate hod* both - pobbly contributed 
dikes coalesce and thicken with depth and, at the adit Iwd, the to the biotite and K-feldspar contents of these units. However, 
main pnod ia i te  stock is 250 m across 4 and 5). The inhu- plagiodav fa only during 
sion is pipelike and rsords at least three Of magma: (1) light silicate and guartz-biotite hod&), and was later replaced by alhite 
grey, early Branodiorite consisting of qui’W”& (0.5 to 2 or K-feldspar, indicating that contact metamorphism and potassic 
m) plagiwlase (40%). quartz (40%), K-feldspar (10%). biotite 
(10%) and rare hornhlde: (2) dark W ,  P r p h W  to-, CCTI- K- 
taining quartz ‘we’ and plagiodasc PbRlocrySts (2 to 3 m) feldspar r e p h e n t  of plagiodase is abed in thin sation, but 
in a matrix of phgiodasc (4570)~ quartz (35%), biOtite‘(15%) and pervasive potassic alteration of pnodiaiwtona!ite is rare. h ad- 
K-feldspar (5%); and (3) late pnodiorite Which is COmpositiOtI- dition, it is difficult to distinguish K-feldspar formed d- potas- 
AY similar to early pnodionte. The late granodiorite, and to a sic alteration from that originating during subsequent 
lessa extent tonalite. are characterid by abundant xenoliths of q--feIdspar-mwco~te alteration . (discusscd below). These 
qua-hiotite homfels and vein quutz. The late%uIodiorite OE- diffidties notwithstanding, a md of and *‘$kit" 
curs &as dikes < 1 m thick, whicb are too Sman to be rep- alteration (Fig. 7) was delineated from X-ray diffradion analysis 
in Figures 4 and 5.  of drill core pulps, whicb enmuraged exploration at depth. It is 

A clase spatial and tanpod W o w h i p  behmen the intrusion important to note that the @lo quartz used to define the ‘‘SilidC” 
of gmnodiontstonalite and molybdenite precipitation is indicated alteration in figure 7 includes vein quartz and, given the Vein dis- 
by: (I) the fact that the contour of % MOS, dosely follows the hihution in Figure 6, largely reflects the inten& of *g. 
shape of the inmmn (Figs. 4 and 5); (2) min- quartz veins The bigbest grade molybdenite in the deposit is inthnately ass- 
aosscut and are cut by granodiorite and tonalite dikes; and (3) !ate ciated with perwive quartz-feldspar-muscovite altuation ( c o d -  
granodiorite, and to a lesser extent tonalite, contain xenoliths of ing of tbree substager) that oo~ls in the centre of wries of intensive 
vein quartz. quartz veining (Figs. 6 and 7). The three substages are swerposed 

~ - ~ ~ ~ m ~  B.lmtmn dl amplcg uwdUk3 

Intrusive Rocks 

metamorphism (jj 

were distinct events. 
pot&c &ration of the irdrusive & - 
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tonaiiie 4 . * limn of contod 0 pe~nic quarizite 4 s metamorhism 

coicareous phyllne < 

m metovolcanic 

‘ faun 

calcareous quartzite 
stream -a- elevation fleet) 

marble apmdoned 
mine 

and, wheat --feldspar-mwmite alteration is pnvasive, the 
wallrock is “bleached white” and dearly ovoprims potassic alter- 
ation in both intrusive and qUara-biOtite h o d &  units. Quartz- 
feldspar-museovlte alteration is thus a mappable and distinctive 
alteration type. Crosscumng ’ relationships a h  indicate that quartz- 
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feldspar-mwmite alteration was followed by musmvite-ankaite 
(phyllic) & d o n ,  in spite of muscovite being common to both 
ahation typs. The three substages (exanplifd m Fig. 8) are: early 
quartz and albite, as fmegraind flooding in intrusive hosls, or as 
relatively coarse-grained patches in quartz-biohte homfek an in- 
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mediate substage of replacemqnt of albite by K-feldspar; and a 
final substage of incipient replacement of alkali feldspars by 
musmvitedcite and su-e replacement of biotite by chlorite 
and mnsmvite. VntuaUy all of the molybdenum minetakation in 
thedepositishSXXitd . with the final (mnsmvite) substage. Quartz- 
feldspar-muscovite alteration may be analogous to silicic alteration 
observed in other deposits; however, owing to the high abundance 
of feldspars it is not clear whether 01 not silica was added to the 
mk. 

The youngest alteration, termed mnsmviteadm 'te, mnsists 
of q w m m v i t d & p @ e  * K-feldspar. Vdns with 
muscovitdexite haloes contain quartz and pyrite i ankerite 
i muscovite f minor molybdenite. Vein feldspars, where present, 
at typidyreplaced by coarx-grainedrnusmvite. 'Ilk styk of aim- 
ation is developed paadvey along faults, notably the 2 Fault (Fii. 
6), or as haloes around late, subhorizontal veins. It is readily dis- 

I \ 
\ I 

nal to molybdenum. Rhenium, bimuth. antimony, Sih.0; and gold 
were all near the limit of detdon.  and the few analyss of copper 
(up to 200 ppm), manganese and fluorine (300 ppm to 400 ppm), 
and d m  (up to 2 ppm) failed to show a discemable pattern. 
The gold content of the pyrrhotitescheelite bearing skarns is gener- 
ally near or below the 5 ppb detection limit; about 1% of the 
samples mntained 100 ppb to 300 ppb. 

Molybdeniteis conmmatedin aquamvdnstockwork and with 
m v e  qw-feldsparmuscovite alteration, that extends for at 
least 1oM) m Mlticaly (using a 0.1% MOS, amtour, Fig. 4) and 
at the adit level, covers an area of approximately 203 m by ?GO 
m Ti. 5). The highest g d e s  &ally >1.0% M&J OCCUT in the 
mes of pavasive quartz-feldsparmucdte altmtion 0%. 9, 'dis- 
seminated' m a miaofrachue network. acsompanied by pynho- 
tite, and to a lesser exient, pyrite and -pyrite. Molybdente 
is invariably intergrown with muscovite or calcite, the latter having 
rep lad K-feldspar, which in turn had replaced albite (as discussed 

tinguished from the muscovile-calcite substage of quanz-feldspar- 
muscovite alteration by the faa that it ovaprinls the kna. the 01- 
bonate is ankmite (which oxidizs rapidly to a light brown colow), 
muscovite replacanent of f e l d w  is pervadvc rarher than incipient, 
pyrite contents are much higher and the K-feldspar is miawline. 
w h c m  the K-feldcpar from the preading aheration nags is not 
visibly twinned (orthoclau?). Late chlorite-pyrite along fracture0 
is also widesoread. but h s  style of alierarion is never &ve. 

above). 
Stockwork mhedzxion con.4.d~ of quartz veins i K-feldspar 

x albite I mnsmvite * molybdenite i pyrrhotite f pyrite 2 
chalcopyrite, g c n d l y  I cm to 10 on thick. The mm important 
aspats of the dimibution of the different typs of veins (Linnen 
and Williams-Jones, 1987) are: ( I )  the intensity of VdW (volume 
'70 veins in host m k )  and the PBantage of minaalited vcins (corn- 
d to total number of veins) both increase toward the zones of . .  

Mineralization 
pavasiye q u a r t z - f e ~ - m u G i t e  alteration; (2) the percentage 
of veins that contain feldspars, and of mineralized veins that con- 
tain feldspars, mimic this pattern; (3) the sequence of alteration 

altaafion dislssed above. i.e.. K - f e l k  reolacement of albite. 
Metal Association and Molybdenite within veins is identical to that of pavarive quartZ-feld3par-mUte Distribution 

Trace-element analyses of drill mre pulps indicate that weak 
tin enrichment (10 ppm to 20 ppm) may coincide with molybde- 
nun and that anomalous hwsten (up to 300 ppm) occurs margi- 

followed by muscovitdute &lacw& ofthe alkali feldspars 
(and an intimate cakite-rnusc&te-moIytdenite assodion); (4) Veins 
with moderate to abundant molybdenile cut veins with minor or 

775 - dI.I___ _ L  .,̂_I. Am-.;-- 



Z fault 

Volume % Quartz Veins 
w:.: ., ... ... skarn 
x.: ....... <?*> 20-40 % 

Pervasive Alteration 

> 40 % quark-feldspar-muscovite 

@ o . I ~  contour of % MoS, muscovite-ankerite 

FIGURE 6. Plan* $lowing mns of prsahe dimlion, volmne pmmtage qwtz d m  .nd contoam of MOS, gmk, modi6ed nffcrlhmen .nd 
wiluwndone3 ("0,. 
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no molybdmite in the majority of intasections (iidicaling that the 
-was datiwdylateinthe evolution of the hydrothamal 
system); and (5) cpmt&mWte-pyrite veins are late, consistent 
with the fact that musmvitbankaite altemtion is late. It is evident 
from the awatbng ’ relationships of veins. a d  in some caw from 
veins that were reopened several hq, that the alkali feldspar- 
musmvite replacement sequence was highly repetitive and that each 
repetition was accompanied by a new pulse of molybdenite depo- 
sition. 

. . .  

Vein Orientations and Timing 
Veins in the Trout Lake stockwork are dominantly in one of 

fm orienta!ions. Older veins (Trend 1) are parallel to the regional 
foliation (31S0, subvertica). Orthogonal to this are Trend 2 veins 
(OW, s u b d c a l )  and late, subhorizontal Trend 4 veins. A con- 
jugate set of subvertical, shear-related veins (Trends 3 and 5) at 
GQYE and 095- are alw rcaognized. Linnen and Wfiamsilones 
(190 have interpreted the orthogonal frachue pattan to be a con- 
sequenoe of the release of stored elastic stresses. The close spatial 
and temporal relationships between veins and the Trout Lake stock 
indicate that hydraulic fracturing followed the emplacement of 
magma, and was c a d  either by expansion acmmpanying the 
release of orthomagmatic fluids, or by inaraxd pressure assod- 
ated with the beating of e x t d  (metamorphic or meteoric) fluids. 
The fact that stored elastic stress controlled the vein orientaton, 
rather than strcases related to the intrusion, is compatible with the 
rapid uplift of the Kodenay arc from the middle Cretaceous to 
the early Tertiary (Archibald et al.. 1983) and with the moderate 
depth of emplament (approxhateb 6 lan; h e n  and Williams- 
Jones, 1990) of the Trout Lake stock (im -, radialanmtric 
fracture patrans are invariably a s s a i d  with hypbwal in- 
trusions). 

Fluid Inclusions and Stable Isotopes 
Two types of fluid inchions are prmt  in quartz at the Trout 

lakeckpsit,aquemsandaquwuserbonic&innenandW17liams- 
Jones, 1990)..4queousinclusionsarethepr~Iominanttypeinpotas- 

Porphyry Deposits of the Northwestern Cordillera of North Am( 

b 

sicauy altered rocks, both indusion types are abnnbt  in mineral- 
ized veins and mns of pavasive quarbfekk.px-mum* 
a l t d o n ,  and musmvitaankaite altered m s  are characte&‘.~I 

saiinity from 2.2 wt% to 13.8 WtqQ NaCl eq. and horn%& to 
liquid at tempatures between 171°C and 369°C. The aqueous- 
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by aqueousfarbonc inclusions. The aqueous indusi0ns range in 
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carbonic inclusions contain approximately 10 mol% to 20 mol% 
C&, display arange of salinay similar tothat of the aqueous in- 
clusions and homogenize to liquid at 241°C to 336°C. The aqumw 
carbonic inclusions hosted by veins in potask and q u a r t z , f m -  
muscovite rocks contain signiiicant methane, &, up to 
0.2, where is m/(a+CHJ. By cunhad, thav hosted by 
veins in muscovite-ankfxite almed rocks are essentially devoid of 
methane, indicating that the late fluids may have been more ox- 
idizing. 

and musmvite range from 12.3 to 
12.8 pa mil and 9.6 to 10.0 uer mil. remdveiy &innen and 

The Pa0 values of 

a wide stabsty range, therefore the P, T and fluid composition 
of progmde skam formation is poorly amstr;un ' ed. However, the 
retrograde skam assonblage, which overprints prograde skam but 
in turn is replaced by biotite, contains dimmisite snggsting that 
the X, of this event was relatively low. Subsequent potassic 
altaation is chamctemd ' by low to moderately saline aqueous 
(C0,poor) fluid inclusions. The maximum temperature of potas- 
sic alteration, estimated hy W o r e  extrapolation of these aque 
ous fluid mclusions to 2 k k ,  is 460°C &innen and Wfiams-Jones, 
1990). 

Botb aqueous and aqueous-carbnic fluid indusions are abun- 
W w J o n e s ,  199D). T e m A  d&ed f k m  these data 
ranee from 370'C to 4OoOC. and the calculated S W  fluid mm- 

dant in qu& that & in mineralid veins or with quartz- 
felk-muscoVte altaation and assodated molvbdenite. Temoer- - 

position ranges from 8.0 to 8.4 pa mil. This composition is con- 
sistent with the involvement of magmatic fluids, modified 
gronndwaten, or a combination of both. 

Hydrothermal Evolutlon and Controls of 
Mineralization 

The earliest hydrothumal event related to the emplacement of 
the Trout Lake deposit is contact metamorphism. The transfer of 
heat from the intrusion to the m u d i n g  metawdimoltary rocks 
may have initially been conductive. i.e., early andalusite porphymb 
lasts in the quartz-biotite schist may have formed during conduc- 
tive heat transfer. However, isogmds in calc-dicate lithologies are 
dustered distal from the intrusion, which is charactuisiic of an 
adveetive systm (cf. Norton and Knight, 1977). ?he low x.4 of 
the contact metamorphic fluid ~mdicatd by the stability of chomi- 
site) implies iniiitration of aqueous fluids, sinm conductive heat 
iransfer would have resulted m metamorphic fluids of higher X, 
(cf. Greenwood, 1975)). Temperahue estimates from calc-silicate 
mineral assanblages, <400"C in the aureole defined at surface and 
approximateJy 440°C in the subsnrfm calc-date hod& &in- 
nen and Williams-Jones,lsw). indicate that a large volume of mnn- 
try rock was heated to only moderate tempera- during the 
mntact metamorphic event. 

Contact mctamorphim was followed by the formaton of 
schedite-kaing skam, localized along fault intasactionS of marble, 
proximal to the Trout Lake stock. Clinopymxene and game have 
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ature and pres~ure, estimated hy oxygen isotope'thermometry A d  
iswhore extrapolation, are 370°C to 400°C and 1400 bars to 1700 
bars. The repetitive nature of quark-feldspar-muscovite alteration 
(albite-K-feldspar-muscovite) and Mo deposition indiates either 
cyclic temperature fluctuation or cyclic deaeases of the Na+/K+ 
and K+/H+ ratios of the m b m b n g  fluid(s). 

Muscovite-ankate alteration is the youngest altedon trpe 
recognized. The late timing of this alteration together with an abun- 
danm of write indicate that it is equivalent to the phyllic altera- 
tion observed in many porphyry-type deposits. The late fluid 
evolution at Trout Lake differs from that of classic models of 
meteoric water influx by the fact that muscovite-ankfxite alteration 
involved aqueouscarbonie fluids. Aqm- 'c fluid inclusions, 
with a composition of 10 mol% to 20 mOl% Cq, are the 
predominant type assodated with this alteration. Using this fluid 
composition, and calc-silicate mineral stabi!ities, L.innen and 
Williams-Jones (1950) estimated that the tempaatue of tmscovh 
ankaite alteration was below 410"C, corroborated by an estimate 
of 384T from oxygen isotope thermometry. 

The thermometric estimam from mineral stabilities, fluid in- 
dusions and oxygen isotopes indicate that mntact meLmorphism, 
potassic alteration, molybdenite deposition and associated quartz- 
feldspar-muscovite altaation and musmvihukfxite alteration all 
occurred over a relatively narrow tenpaaturr range, 350°C to 
450°C. It is. therefore. reasonable to argue that parameters other 
than temperatme and pressure were responsible for the observed 
mind asswblages. Likely candidates are pH and activity of 
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co3, which arc used m FEgure 9 to show tbe stabilities of differ- 

and that co, activity was low ( T i n  Fig. 9). It is evident from 

line, auough possibly at higher co, activity during potassic al- 
taatioh Biotite was not stable during IlbolyMenite depositi#n, and 
itssu#xssiverepla#n#lrtby*andnrusoovlte canbee3tplained 

‘Y, r-, FSg. 9). The stabii of m u s c o v b d h  hdicata 
that co,saaivitywas highathaninthepmxding~ian sub- 
s tage . ’ Ibe~ceofmuscov i tbanker i . -~uartz in the~ l -  
ation stage implies an cven greater activity and posiiily lower 
pH (‘4’ m Fcg. 9). The fluid evolutian as recorded by fluid mh- 
- ( = l Y w f o k a q u s o u s G a r b o m  ‘c) is ccmistw with this 
proposed iacrease of 00, activity. 

MolyMun~m, whethe? in f l u b r i c h ,  cblorine-rich, or 
*rich fluids, is most likely transpoatcd as an oxyacid compk. 
The mosf important pammetm controlling molybdede solubility 
are probably temperahrre,&jQ and pH. The relative effects of 

reaction: 

esltmimrals. n# assanbw p-- in hod& 
~catesthattbe~tactmdamorphic fluidwasrdathly alkaline 

the presence of biotite and K-feldspar, that fluids femained alka- 

by falling PH, as - w-t Of K-feldspar (‘2’ and 

the la#a three panmmxs can be un* by the simplistic 

H+ + HMd; + S, = M& + H@ + 3/2Q 

M o m  pmiphth by such amction is favoured by decreas 

molyweaite may have retrograde solubility). At ”hut Lake, one 
or a oambinaton of several of these f- could have mntrolled 
m0lybded.e deposition. The intimate 8ssodBtion of molybdenitc 
with incipient muscovite replacanent of alkali feldspar, however, 
su%gests that temperatwe &or pH may have beea the most im- 
portant controls of mimmhtion (albcit the change in the valence 
of Mo, from +6 m bholybdate to +4 in molybdenitc, implies 
a redox d o n ) .  Of greater importance to exploration, it is prob- 
able that early alkali feldspar alteraton was an important precur- 
sor to mhcadhation because moly- is specifically linked to 
feldspar repbemat (e.g., €3g. 8) and is not simply disseminated 
in veins. 

ins PH,& @m@, by inaeasins& by a drap of tan- 
paature(aith0ughatmagmatictoCarlysu g l i d u s t e m ~ ,  

lmpllcatlons of Fluorlnedch versus FluorZine- 
deflclent Mineralization to Exploratlon 
Contact Metamorphism 

contad metamorphism has oommonly been regarded as an 
hchemical process aud in cases of purely d u c t i v e  heat transfer 
this is largely true. However, there is a growing body of &den= 
that recognizRs an advective rnetamorpbiemetasmaQ ‘c stage prior 
to ‘classic’ akation (disti~ct veins with h a l ~ )  may haw implica- 
tionstosrplaratian,~thisranains~Mderstood.same 
e X a I n p k ! S i n w h i c h t h e 3 t ! & t i ~ S b e t w e e n ~ ~  
and mineralidon hawbeen documented methe George Lake Sb- 
W-Mo-Au-base metal deposit (Seal et al., 1988) and the Madeleine 
copper deposits ( W i i J o n e s  et al., 1989). The latter is a partie 
ularly important example, because the contact metamorphic awe 
ole developed largely by conductive heat transfer, but copper 
minerahtion is located within a zone of advective mehmorphism- 
mehmmtsm ‘ (van Bosse, 1985; van Bosse and Williams-Jones, 
1988). contact metamorphbme!tasomatic aureoles are therefore 
potentially useful in the exploration of ‘blind’ deposits in anale 
gous setthgs @ o s t - w c  inWons). 

Alteration and Mineralization 

aud- - typesoflnolywannndepositsan,Bt#ptwith 
The alteration mineral assemblages assochd with fluoherich 

respect to the occurrence of fluorite and topaz, remarkably simi- 
lar. This is in spite of large d i f f m  inthctanperaturc of molyb- 
denite deposition and the chanistry of the fluids fluoxirerich type 

I 
Q 

log aC02 

~ ~~~ ~ ~ 

molybdenum deposits typically form at high temperatms (430OC 
to 750°C) from hypersaline fluids, whereas fluorinedefiaent type 
m i n e o n  is associated with low to moderately saline aqueous 
and aqueous-carbonic fluids, at moderate tunma (W0C to 
400°C). 

The development of a central core dominated by alkali feld- 
spar alteration is common to both deposit types. At Trout Lake 
the alkali feldspars consist of nearly pure albite and or- 
thoihe (Or&. These COmPOSifioIlS suggest that the feldspars 
underwent alkali archange with fluids at temperatures lower than 
400°C (Linna, 1985). The alkali feldspars in fluorherich systems 
haw retainad a high aIbitt! component (Or&w&bu; carten 
Ct al., 1988), refleding a high temperature, late magmatic to early 

intergrowtbs and unidirectional solidification te3mues are observed 
at Henderson, but are lacking at Trout Lake, is also very likely 
a c o m e  of the respectiVe late magmatic to early hydrother- 
mal and modefate temperature hydrothermal origins of the alkali 
feldspar alteration at the respective deposits. 

ation at Trout Lake (Figs. 6 and 7) may be analogous to the per- 
vasive silicic aheration observed at Henderson. But more 

covite replacement of alkali feldspars at the two deposits (and at 

gesting that molybdedte precipitates by a similar process in both 
fluorinerich and fluorbdeficient environments. The presence of 
an aUcali feldspar altemtion core is therefore probably of critical 
importance for the deposition of molybdenum and the delineation 
of such zones is a useful guide in exploration (Boyle and Leitch, 
1983). 
’ One of the greatest divergences between doIinerich and 

fluorinedeficient deposits is that of metal assodation. While fluo- 
rine, tin and rareezuth dements may be useful pathfinder elements 
for fhlorinerich deposb, m ‘ent deposits, molybdenum 

hydrothermal o-. The fad that micrographi~ qUartz-K-el- 

It is s@fkantthatthepavasivewf*-m&*- 

h e ,  mlybdedeis irrtimasely associated with incipient IINS- 

virtually all other flu~rinsrich and f l u d d & a &  deposits), s ~ g -  
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is theo*danmt that has becn dan-to b e d  in gee- 
chemical cJq3loration. 

Economlcs 
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Drill-idhted, geological reserves for the four u l ~ l c s  ~~IPI%- 
ing the Trout Lake deposit arc esthakd at48 700 Oootanncs grad- 
ing 0.193% M e  at the 0.1Wo cutoff, or 11 700000 tonnes 
grading 0.362Vo M e  at the 0.20% cutoff, calculated 
on SediOIls 30 m apart. In bulk samphg of 128 drift founds hav- 
ing a pilot diamond drill hole for comparison, bulk sample grades 
varied &am 85% to 137Vo of drillhokgradcs, aadawragaddightly 

tion at 0.1Wo to 0.Mo M e  is good; at higher cutoff grades it 
is more difficult to estimate tonnages, because the estimation in- 
volves fewer drill holes and fewer samples. The potedd for in- 
creasing neseryeg lies mainly at depth. 

A mhbg study based on rexrves at the O W 0  cutoff ewisaged 
open stoping with deIayed cunmted backfin, Utazing the existing 
adit as a haulage level. The adit intease& the deposit at its mid- 
paint, NOm below surface. Fiuther studies aimedat ortracting 
h i g t t e r ~ w i t h m o r e ~ ~ n a e t h o d s h a v e ! b e e n r a o a m -  
mended. Initial metabqd testingofdrillooreindicateda90Vo 
recovQy ofmoiywenrte inaWoto92%M&cmmtrak.Tests 
on some adit samples showed mntmtrak grade to dccrasc sig- 
nificantly as recovqincreased. This was attributed to ccaings of 
m o m  on gangue parti& in the silica-rich metasedllll 
rocks that surround thestock; fecovQies m other rock types were 
satisfactory. 

than the g d ~ ~  of thc drill hok. Continuity Of 

Conclusions 
The "rout Lake dcposit is a typical granodiorite, or fluorine 

deficient type of molybdenum deposit. Molybdenum is virtua$l the 
only metal present in si@cant quantities at'lfrmt Lake, thus ana- 
lyses of other metals or fluorine is unlikely to be useful in the 
exploration of this type of deposit. Studies of alteraton, however, 
indicate that a precursor alkali feldspar stage is important in both 
fluorine-rich and fluorine-deficimt types of molybdenum deposits 
and the recognition of this alteraton (e.g., F5g. 6b) can be an 
importantexplomtionguide. -of the% Lakedeposit 
will require expanded markets and higher prices of molybdenum. 
Lastly, the idenWication of advdve amtact metamorphic aufe 
oles has a potential application to the exploration of a wide variety 
of metals asocktd with granite. 
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