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ABSTRACT 
The W& intmsive bnxria-hosted goldcopper-Sver akpasil 

occurs within a pndant of Lower Junrrsic Ra~~land  Group vol- 
canic rocks enclad within gmnitic mks of the Middle JunzssiC 
Nelson Batholith. The b d  is a piplike M y  and occws at the 
cenm of a hy&@ compler of ~ u m t z  andfeldslwrporphyritk 
intrusions Conrjdered to be m a l  with the volmic rocks of the 
p d n t .  

Three main phaaes of inmrdon and huo distinct qystem of sul- 
phide mineml&tion atv nxmgntzed wilhin the pendrt on the Wh 
property. The w l h t  p h  of intmion Collsirts of Quartz latite 
Porphyry as ring and radial dikg cuning an&sitic volcric rockr 
and is genetidl~related to a wnk qmtm of quartz-molyMenite 
mirmt&&n andamcbtai WIBPkly to r n M y W o @ p h y &  
alteration. This system is cut by a d, plug-like body of feldspar 

vasive potask dtemtion and incipknt brerciation. IntrrclFive into 
and incoprating fmgmenzs of aU thew rocks, including exrunpIes 
of quartz-molybdenite minemlao * tion, is a body of hydrothema1 
intnrsive brercia. Am@m~s and aqmt$mus chabpyrite, pyrite, 
and magnetite mineralization comprise thrae zones within and 
peripheral to the brercicr p i p .  A!? zones are associated with a per- 
vasive calc-dbte alterution, mmisting of actinolite, d i o d e ,  epi- 
dote, and andmdite garnet or anhyakle, which has ow-printed the 
earlkr phyllk and p t d  ewnfs. 

The two phrmer of minerrt6iation, though evohmg fiom a sing&? 
intrusive complex of m i c a  dfmio, are sepamted by a period 
of intrrcsion of ferclspar pwphyv, a change fmm K- to Ca- 
metarornth and volatile bnxmiztion. 

p t p h y v  mmkad l d y  by -dy to i t t t d y  MO@P- 

Introduction 
The Willa goldcopper-silver deposit is in mountainous terrain 

and centred near the headwaters of Aylwin Creek, which flows 
westerly into slocan Lake, approximat& 12 km south of the town 
of New Denver in sou- British Columbia (Ms: 82F/14W; 
49"53'N, 117O22'W). Acccss is Via Highway 6, which passes 
through the western portion of the property (Fig. 1). Occurrences 
of copper on the rusty M s  abng AytWin Creek were ikst discovered 
and staked by prospedors in 1893. By 1898, tunnels had been driven 
on the Wh, Rustler and Roddand Crown Grants and apprecia- 
ble gold values associated with chalcopyrite reported. Granby Con- 
solidated examined the showings in 1901 and 1912 but turned the 
prospect down because of low grades. The property remained dor- 
mant until 1955 when Egil Lorntzen rwpened and sampled two 
of the three tunnels. Again, only low gold values were obtained 
and no further work was done. From 1964 to 1970, Comhm, Amax 
Exploration Inc., Riocanex, and Westem Canadian Mining Com- 
pany, in turn, examined the prospects or conducted surface explo- 
ration, including limited shallow diamond drilling, and, although 
surface chip sampling returned up to 5.83 g/t Au and 0.37% Cu 

over 30.5 m, the property was returned to the various owners each 
time. During the late 197&, the key claims of the present property 
were assembled by local prospectors, P. Leontowicz and W.C. Win- 
gert. In early 1979, on the recommendation of J.R. Woodcock, 
a consuitant to Riocanex (now Rio Algom Exploration Inc.), the 
central Crown Grants wae optioned by Riocanex as a deep por- 
phyry molybdenum target. BP Min& Ltd. staked surrounding 
ground at the same time, also believing in the porphyry molybde- 
num potential of the area The interlocking land holdings were com- 
bined under a joint venture agreunent in late 1979. Initial diamond 
drilling by the joint venture in 1980, comprising two deep holes 
to test for buried molybdenum mineralization, intersected 2.5 g/t 
Au, 0.67% Cu, and 10.0 g/t Ag over a 54 m drill interval at a 
shallow depth. This was hosted within a heterogeneous intrusive 
breccia, which was also seen to contain clasts of quartz latie por- 
phyry with molybdenite in a quartz stockwork. From 1980 to 1984, 
the joint venture completed 14 300 m of surface diamond drilling 
in 47 holes to fbrther delineate the breccia body and its associated 
Cu-Au mineralization (Spence, 1982; Wong 1983, 1984). In early 
1985, Northair Mines Limited became a third joint venture part- 
ner and embarked on a program of underground exploration. From 
1985 to 1987, approximately 1550 m of tunnelling and 15 OOO m 
of underground diamond drilling were completed and a drill- 
indicated meme of 470 400 tonnes grading 5.86 g/t Au and 0.86% 
Cu was calculated for the West zone, the most sisnificant of three 
zones of mineralization hosted within or adjacent to the breccia 
In 1990, the property was sold by the joint venture to TremincO 
Mirung Ltd. which has continued to hold the property but without 
further work. 

Regional Geology 
The Wh deposit is situated within a roof pendant of basic vol- 

canic and felsic hypabyssal rocks (Fig. 1). The preponderance of 
volcanic and volcaniclastic rocks, especially augite porphyritic var- 
ieties, suggests a closer affiliation with the Lower Jurassic Ross- 
land Group volcanic rocks prevalent further to the south, than with 
the sedimentdominated Triassic Slocan Group which occurs to the 
north. The p d a n t  is whollyenclosed and intruded by coarse- 
grained grandonte to quartz monzonite of the Nelson Batholith. 
Rossland Group volcanic rocks form the southern portion of a 
Mesozoic arc that extends the length of the Quesnellia terrane. 

StructuraUy, the area is dominated by a major, north-trending 
fault, the Slocan Lake Fault. As defined by Panish (1984), this 
fault is a 35" to 40" eastdipping detachment zone of Eocene age. 
Rocks of the Permian Kaslo, Upper Triassic Slocan and Lower 
Jurassic Rosshnd groups intruded by batholithic and plutonic bodk 
of the Middle Jurassic Nelson Batholith make up the upper plate 
of this fault. Granitic rocks exposed along the highway on the east 
shore of Slocan Lake and west of the fault have been dated by 
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U-Pb zircon mahods to be as young as 63.5 f I Ma (Pamsh. 
1984). and together mth W y  metamorphosed mcks of the Val- 
haUa Complex, form the lower plate. Mafc d ika  of probable Ter- 

htholo~y from tlows and aowe braxxas and tuffs to volcanic dll- 
nones. Augte porphm is prcdormnaot wthin the W h  nunaal- 
d zone and much of it may k hypabywl in onm. 

tiary age commonly o a r  along normal faults developed in the 
hanging wall of the daachment Lone. Fmd ralu consist of ,,,dm ~ to - pyralastic 

brrmss andmnabmratswith monolithic darrr to 5lJcmindiam- 

Property Geology 
'The Willa coppr-gold-silva minaalization a d  earlier weakly 

dcvclopd stodovork moiythienite mimalinuion is awaatcd . with 
a porphyritic felsic intrusive mmpla prssved within the pendant. 
The complex. possibiy meVal with the Rossland Group. consists 
of a ring dike and two radial dikes of quartz Ute porphyry and, 
cmwlly located within thse. a plug of feldspar porphyry ammd 
which is developed an mtrusivc brsda Fig. 2). The brsda cmss- 
am andcontains dasisof bothporphyris, induding some of quartz 
bite porphmy minaatizEd with molytxlmite in a quartz srakwork, 
and the volcanic rocks. Coppr-gold minedidon is found in three 
zones within or at the margins of the breccia Fig. 3). 

Rossland Group 
Volcanic mcks that are intapntEd to belong to the Roasland 

Group comprise approximately 75% of the pendant and vary in 

eta in an ash &, and Iindy-kddd augiteplagiodas crystal 
and/or m. Light. grcy-grrsl, W e  S&lOlE3 ~~ 

Prise thin-bedded units mtadated with ether the pyrodastic or 
augite porphyry lithologies. Graded bedding is 0ccasionaUy dism- 
nible within the silutons. 

Augite porphmy is dark grem in d o u r  and conrjns of looh 
to 20%. euhedral to subhcdral augite phmmysLs 0.5 mm to 4.0 

matrix is made up of a fmegained mixture of augitc, feldspar, 

i s .  some sill-like bodis, and possibk flow units. 'The prsencc of 
hypabyssal augitc porphyry mhal to the felsic intrusive m m p k  
may indicate proximity to a volcanic cmm. 

Chnical &of the W&vokanicrods byHeathp(198n 
and rdntapmed by A. Sme @as. commun., 1985) show them 
to belong to a miWy alkaline or shoshonitic suite of probable arc 
affity.  

mm in diameter. Plagiodas phenorysu are evident locauy. 'The 

andmagtKlite.Augifeporphyywmprixsimgulardiscadant tmd- 
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f3itartrr I stita Pnmhvrv row band of the b d  Diamond drillins haF mcslcd that the 

Quartz M u  porphyry forms a compla of a ring and radial 
dikes. The ring dike comprises a continuous SubdreUlar body 
appmimatdy lz00 mindiamcrs Wi. 2). In plan, thedike ranges 
in thickness from 75 m in the southeast. to 400 m in the west and 
northeast. Near the centre of the ring are two intascting east-west- 
and north-south-mnding radial dikes, each approximately 50 m to 
100 m wide. ?he north-south-trcnding dike is vertical and appears 
continuous, while the east-weaamding dike appears to dip to the 
north at approximately 55" but it has, in pan, been disrupted by 

S 0 u t k n - v  the gently no& flarsd w. While 
the northern portion is *ely deeprated, atending at least Mo 
m Wow surface with nearly vertical contacts. 

is often difficult. Both m k  may contain hombhde but an 
gamally leumaatic. Feldspar porphyv may contain up to 7% 
guam Phenooysu. ahhough thg 
to 2 mm in diameter) and therefore not as conspicuous as those 
in the quartz latite porphyry. Plagioclax PhenoCrystF, avaaging I 
mm to 2 mm in lenpth. comarise aooroximatelv 25% of the feld- 

Disrinctionbammrfeldsparporphyryandquamlameporphyry 

fins- (1 mm 

"_.I -- "._... 
PlagiOdaSe PhenoaysU (hd .  1 mm 3 in I&, COm- mm feldspar porphyry and quartz porphm - in 
modY UP to 50% of the m k ,  and mafie m i n d ,  con- with one a n o k ,  w h  h@oth& d w m  has 
predominantly hornblende. %lewally less than 15%. The aphanitic masked tcdurc -, the M~ bammr thee 
Bmundmass is made UP of K-feldspar, q-9 m-ed ~ ~ ~ ~ ~ ] ~ ~ ~ ~ i s v a g u e . ~ ~ ~ l y w ~ ~ ~ ~ ~ ~ ~ e a r l y  
plagiodase, and minor s p k  and apatite. Textural h t i o n s ,  with quartz lame porphyry and feldspar porphyry dearly 
including variable phmocryst to manix ratio, variable phenmyst both, the prasloe oT absena of* quanz-moiybdcnite 
size. and variable proportion of quartz to P W K ~  pb~ocrysts, ,,dning or elevated g d r m i c a l  iwek of molyWenm was often 
are evident and are thought to reflect multiple pulses of intrusion. uud as a dw for 

Mareins of f e l m  parphyry and adjaamt quam latie por- Feldspar Porphyry phyry or volcanic rock l d y  display development of monolithic 
Feldspa~ porphyry OON~J as remnants of a plug-like baly with biotitic braxia. This is thought to have d t e d  from aacldctyp 

an upward-tlaring southern margb and is partially to completely haduring caused by magmadc hydrothamal brecdaton and is asy)- 
enclosed by the breccia p i p  ( F i i .  3 . 4  and 5). In surface plan, dated with pNasive biootic alteration of the matrix. clasts are 
the feldspar porphyry appears as a northamding. elongate mass subangular to angular, show little rotation, and average 1.5 an in 
appronmatcly 100 m by 225 m divided into two portions by a nar- diameter. This incipient W o n  may be a p-r to the devel- 
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opment of the hctdhhic brsda event which f o l l d  anplace 
ment of the feldspar prphyy. 

Heterolithic Breccia 
Haaolithic brmds ormrs ma pipe-liltebody, locatedeamally 

WitldntheringdikdnCarmCktUSUXt 'on of them radisl dikes. 
It plunges to the north at about 70' and has a suriidal area of 
about 25 OOO n?. It has bcm found by dri lhg to continue to at 
least 700 m below surface. 

The brsda is d-expmed in Aylwin &k andin the nearby 
W& adit but baause of the suprposition of a defamation fabric 
related to what is ref& to as the Willashear zone, earlyworkm 
assumed the fmgmental nature of this rock to be due to tectonic 
brsdation. Work completed s k c  1980 has dearly shom the bm- 
cia to be magmatic hydrathamal in origin 1981) display- 
ing most of the distineujshins fcaturrs cited by Sillit= (1985). 

Wallrocks adjacent to the brsda are commonly marked by 
DDMI of crackle -ranging from onetomu of meacsin width. 
Within these zones, pro- to the brsda is evidenced by in- 
hg fraaure densily and, neara the oomab, some rotarim of dasts. 
The fmt p m c e  of other typs of dasts was used to denote the 
limits of the brsda. 

Clasts of all of theabovedcsuibd rodctyps. as wellas rela- 
t i v d y c o m m o n d a s t s o f q u a r u - m a o . b & n i t c ~ ~ ! a t i t s  
porphyry and rare dasts of a fine-balded, calcareous sedimmtary 
rock containing dissaninated galma and a tan colouml sphalerite 
along beds are seen in the brsdk This sedimentary rock, which 
has been srm only in the brmia. may have been dmved from a 
unit at depth. No dasts of Nelson plutonic rocks have been srm 
in the breccia 

Breccia clans range in size from large blccks severdl tens of 
metres in length to pebble size Fig. €a). The larga, relatively in- 
tact blocks which could be mapped, were principally of feldspar 
porphyry and quartz latik porphyry. The margins of these large 
blacks. panicularly thdr undersides. are commonly crackle- 
*. Within the pipe, the uppa @on of the ast-wst radial 
quanz latik porphyry dike is largely incorporated as brsda clans. 
though, at depth it is recognized as an intact, northdipping slab. 

The degree of rounding of the clasts varies widely, as does the 
proportion of maaix to dasts. Manix typically mpriws  from 20% 
to 50% of tkrock. It is predominantly pale to dark green, altered 
rxk flour which, in thin-- is srm to c o d  of s a l i t b f d t e  
pymxme or actinOlite with Ima piagiodap, quartz. and K-fddFpar. 
At uppr levels within the brecda, the mahix commonly has a vuggy 
nature due to inannpkte IilIing of the inurclart spaca. Many dasts, 
SpdaUy those more rounded. show a bleaching of their rims. No 
pattern of 4th~ dast rounding or matrix proportion could be 
mapped. while clasts of the adjacent rocks predominate near the 
confacts of eitha the pipe or of large blocks within it, the breoia 

considuable movement within the breaia and formation under flui- 
dized conditions. The textual haerogeneity displayed by the brec- 
dais thought to be due mainly to the p- of weal large blocks 
which have served to divert the path and movement of the flui- 
dized b r d  into SmTallccaIkd channels. 

is g e n d y  Unsorted. Clast rowion, rounding and miXing suggest 

Nelson Plutonic Rocks 
Nelson pkuanicmxts cmp 0111 on the outppansof the pmpafy 

and are not seen in outcrop within the Willa mineraked zone. Thc 
main phase consists of light to dark grey, K-feldspar megaaysic 
granodiorite. This rock is made up of 5% perthitic K-feldspar 
phmoayns from 1 an to 3 an in length within a medium-pined 
groundmaw consisting of 45% to 60% plagiodase (An&n3J, 
10% to 25% K-feldspar. 10% to 20% quartz. and 5% to 15% 
subhedral hornblende and/or biotite. Locally. mafic minerals com- 
prise 20% to 40% of the rock adjacent to the contact with the pn- 
dant. Unaltered dikes of a rock typ similar to the Nelson 
wandorite M obsaved locally in drill holes to cut the hetaolithic 
breccia. 

I N 
l o a o N  

I E 
W C O C  W 
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lata than the N&n Batholith. U/Pb --f I% drmn frao 
tiom from the Aylwin Creek porphyry by Maprr a al. (in -, 
19%) plot as a non-lina discordant array. on the bsfit  
lower interapt to a line through the array, Mplrs a al. (op. cit.) 
consida ca 183 Ma as a reawnable minhmu-e for the Aylwin 
crrelrporphyly.Thiskneragesuppomfiddaarc~owingtha[ 
the Willa i n d w  Syarm prr-dater the NCIXX:-Anonic rocks and 
indicates that the Syarm was with the b l a n d  Group vol- 
canism. l l e  inirial mid-JurasSic age, dasmaz:~ K-Ar and Rb. 
Sr rshniques, probably reprcMts a mctUW9 dam by Nelson 
plutonism and other evenu possibly relam +-he Slocan F a d  
(woodwmh et al.. 1991). 

Structure 
On a propaty sale. pahaps the mow SigDaQm slruc[ural f a -  

tun of the Willa deposit is the r i a  and muquam bite por- 
p h m  dike system and the apParrnt h%cc it exerted on 
m P h o l t  Of the feldspar PrPhYrY PlW iW the brrcda piPC. 
The northaly dip and plunge displayed by boa .he casf-wat radial 
dike and the brecda pipe, suggest that the RIW systnn may have 
brmtilted.Beddingdc-mtmm ' ' o m f r o m v o ~ ~ ~ w i t h i n  
the area enclosed by the ring dike are rare 

Post-breccia p i p  structures are numerw md include miner- 
W r i n g  and radial(?) fracture Uma, and pwmined deforma- 
tion, fault, and shear zones. Minaalized sfrmms will be dirursed 
in the following &on on minediza!ion 

Posrminaal deformation mnes, displaying riqhly variable orien- 
tations and widths. M characterized by a mwmte to strong 
titic foliation. Thge zones are best mgnim 4 the volcanic rocks, 
where fme- to medium-pined. black b i a  .nay loguy exceed 
3070, and in h m l i t h i c  brexia where claw * m n l y  display a 
moderate degree of flattening. Drillins has tvxcatai a general in- 
crease in the intmsity of this deformadon with repth and m-m- 
phism. re!atcd to the Nelson Batholith. is as the cause. 

n~- a. Und-und espxum in north end of msf zone. PyriIe 
and chalcopyrite ormr in and m matrix in breeda and ps fmctum F i g s  
in feldspnr porphm fmgments 

steep. 

Late intrusive phases assoiated with the Nelson indons wndst 
of aplitic and pegmatitic dikes and are found both peripheral to 
and within the WiUa mineralized zone. Dikes ranging in thickness 
from 5 cm to 20 cm are seen to cut all lithologies except the mat3 
dikes. 

Mafic Dikes 
Mafic dikes, commonl? referred to a~ lamprophyre dikes by 

Caimes (1935) and others. are ubiquitous throughout the Slocan 
area. Many such dikes were intersected by drilling and in the under- 
ground workings within the Wills mineralized zone, and are dearly 
the youngest rock present. Dikes range from 10 an to generally 
less than 2 m in width, mmmonly exhibit chilled contacts. and dis- 
play a predominant north-south, near-vertical orientation. They 
appear. for the most pan. to have lxen e m p l a d  along young. 
posoninerd faults. Sheared contacts of some dikes are considered 
to indicate later structural adjustment. 

Age 
The age of the Rossland Group, as determined by fossil evi- 

dence. spans the Lower Jurassic from the Early Sinemurian to the 
Early Toarcian (204 Ma to 190 Ma) (Tipper, 1984). The Nelson 
Batholith has been dated bv U-Pb and K-Ar dating techniques at 
161) Ma to 172 Ma (Armstrong, 1988). 

Initial K-Ar and R b S r  dating of Willa intrusive rocks at The 
University of British Columbia (Armstrong. 1981) yielded ages 
clustered about 153 Ma implying a period of emplament slightly 

High-angle, pra~ominant~y north-- ,mrmal faults, mm- 
monly occupied by mafic dikes. are sxn to '.%a the minaalivd 
mnes in a number of plaas. Displacanans UYOS thee svucture.~ 
are generally in the order of 10 m to 50 m lmh the westm side 
downdmpped. Extmzion producing Ewav 4etachent faulting 
is wnsidered the probable cause of these sv-. 

The most prominent pmrminaal sbuawe is the W h  Shear 
mne, a near-vatid. north&-sttihng zone intensely f d  
rock averaging 10 rn to 20 m in width and traceable for at least 
350 m. Tlis feature a t s  all rock types within the minaaliml mne, 
induding foliated mcks and mafic dikes. and is. therefore. the 
youngest rem- mucfural event on the p r o w .  

Mineralization 
Three distinn ages of minetalimion are ictog&d in the Wib 

area. Molybdenum minualization and gOold-ar--&er mind- 
zation are genet idy  related to the Lower Jllrnssic in&n of the 
quartz latite porphyry and of the hetemlithu h-, rerpctvely. 
kgentiferom, lead-zinc. vein-typ~ minedimllnn, rqmmtative of 
the Slocan Silver Camp, postdates emplrument of the Nelson 
Batholith. 

Molybdenum 
Quartz-molywenite mineralimlon occuii ,- throughout 

the quartz latite p r p h m  but is pahaps bnl developed within the 
north-south radial qua~Q larite porphyry diko m d  within homfeld 
volcanic rocks a d h t  to the dike. Wttt-ttttrIyWenite veins, wm- 
prising stockwork or sheeted mnes, genernllv wn& minor pyrite 
and range from I mm to 20 mm in width. lllq are charaanived 
by fine-gdned, white to quartz with thin selvages and dis- 
smnimtions of fmf~&~~ed  molybdenite. .hi&, pyrite and clay 
commonly OONT as narrow alteration envcbyxs to the veins. Two 
ages of quartz-molybdmite veining are c\ident. Massive silica- 
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f luxkdnnusormrwtvn~kvdningis local lyhnense.  An 
atcnsiw pwtic halo, with ppiQ present in 81wuntp up to 10% 
pamauy ovalaps quam-molybdmitte ma. 

The highst grade of moiybdmum intersaid during the inidal 
deep drilling was O.m8% Mo. The low grada of molyhdmm 
reflect the wcaldy dNdOpCd natllIC Of the mOb'bdCllllItl SYstan. 
Consequent to the two initial deep drill holes to test for a deep 
molytdenum dcposit. the focus of exploration was shifted to the 
goldappu-siiver m i n m o n  found within the haaolithk brec- 
cia. As a result, detailed information on the molytdenum miner- 
alization is lacking. 

Gold-Copper-Silver 
The Aylwin Creek pendam hosts two sigdicant gold OONT- 

mm. In the northeast portion of the pendant, 2.5 km from the 
W h ,  the LH prospst mnsiar of northeast- shean con- 
taining gold-arsfnopyrite -on within volcanic rocks. The 
Wills goldcopper-silver deposir is notably lacking in d c .  Be- 
tween the two is a widespmad minadent gold-coppu and arsenic 
mai l s  anomaly. The ovaall dmihtion of metah supgau a w m  
tion from gold- to gold-arsmic within the pmdant. 

At the Wlla, gold-coppu-silvu minaaliration occurs in thm 
distinct me; the West zone wi%ch is a deep, arcuate zone on the 
western margin of the breccia pipe, the Main zone which is a shal- 
low lemlike zone mad on the M a  axis, and the East m e  
which is a deep, sheeted-fraaurr: zone within volanics immediately 
outside the eastem contact of the breccia (Fg. 7). 

Wgt Zone 
The West zone contains the highest grade of gold.coppu-silw 

m i n M o n  (ovcrau a p p e  y 1.8 million tonns averaging 
2.93 g/t Au. 0.66% Cu. 9.30 B/t Ag) and is hostcd by a steeply 
inwarddipping. --like fraaurr zone in the hrecda and adjacent 
VOlOMic roclrr. which roughly FalalIels the western mntau of the 
feldspar porphm plug. ?he top of the MIIC OENTS at 
1IM) m elevation, some 130 m to ux) m helow sixface. 

Tne West mne avaaga 1 9  m in hcigbt and has been delineated 
over astrike length of 250 m. It varies in width at the 1025 m ele- 
vation from a maximum of 40 m at its southern end to a mini- 
mum of 8 m at its northern end. At its southern end, the mne 
is truncated by a north-northeast striking fault; whik in the north, 
the mne pindw out along strike but extmds upward to form a 
keel to the overlh Main zooe. Due to higher Au:Cu ratios in 
this northern part, it has been hnapmed to be a feeder to the Iowa 
gmde Main zone minaalizarion. Overall, the West zone is effec- 
tively outlined by a gold grade cut-off of 1 g/t. Lateral contam 
aregenerallysharpwith ' * . 'on falling off rapidly within 
two meues of the m e .  Several drill intasertions of high& gold 
were enmumered at depth near the cenm of this arcuate structure 
suggsdng the p m c e  of a feeder mnduit for the West m e  miner- 
alization. 

Within the mindized mnc, sulphids, omuring mainly as 
matrix replacement, mmprix loolo of the rock on amage Fa. 
6). Locauy however. sulphids may mnstitlde 93% of the rock ova 
lengths of I m to 2 m. Pyrite and chalapyrite are the principal 
sulphids present and OENI in M.ryinp proportions. plrrhotite and 
minor sphalaite generally comprise less than I%. Traces of a Pb 
Bi-beanhg Sbsulphdt  haw been identified during Oraminari on 
of polished sections. Mag~~eixc is ubiquitous throughout the heter- 
olithic brsda, a& 1% 10 3%. Intagrowths of magnetite with 
sulphides indicate that they were deposited contemporaneously. 

Gold occurs in native form as inclusions and miaoveinlets in 
pyrite. and as grains along mataus h e e n  pyrite and either chal- 
cowrite or silicates. Average gold grain size is 10 microns. Silver 
values are assodated with sphalerite, which commonly axxvs as 
inclusions in chalcopyrite and pyrite. 

As a mult of their underground exploration. Northair Mine 
Limited dlculatcd a diluted, uaghted. drill-provm mincahle R F ~ M  

of 464 035 t o m s  grading an a- of 5.93 g/t Au and 0.91% 
Cu at acut-off p4.k of 3.43 Ut Au for Wet .?om pkmbir hlines 
Ltd. News Release, octobs 20. 1988). 

Main Zone 
The Main mne consiras of a low-grade (approdmatcly 3.4 mil- 

trending lens of minmlimion aligned along the axis of the brec- 
cia pipe. It is exposed at surfaa in the canyon of Aylwin Creek 
and in thenearby Wih adits. The m e  is 250 m long and ranges 
from 20 m to SO m in width. Minedintion occurs within hem- 
olithic brsda except at its southern end where de-fractured 
feldspar porphyry is the host. 

The style of m i n m o n  in the Main zone differs from that 
in the West m e  in a number of ways. Pyrrhotite is much more 
significant, g e n d y  urunins in equal Propomon to both pyrite 
and chalcopyrite, and overall sulphide content of the is low- 
er, averaging a relatively uniform s%. Heterolithic bra& in thia 
aEa is Oommonly ruggy. The sulphids * magnetite OCM 
predominantly as inter& fiUin&s. Sphalaite is less abundant but 
tungsten is gmchdcaUy significant, suBBating the presence of a 
w e n - k x i n g  m i n d .  Lateral limits to the mne are less well- 
defmed and an gmdalional over 3 m to 6 m. Gold and silver OONT 
mineralogically in the same manner as in the West m e .  

In general, the Main zone appan to reprcxnt a uniformly dis- 
persed, dissaninated typ of mineralidon hosted within vuggy, 
porous b r s d a  Though Qiculavd as twice the to- of the West 
zone. with half the gmde, it contains about the same amount of 
metals. 

lion t0Ma averaging 1.34 B/t All, 0.32% CU, 4.8 B/t As), north- 
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East Zone 
The East zone was dkxnmed during underground drilling latc 

in the delineation program and only limited data arc available. It 
represents structurally amtrolled mineralization hosted by 
propylitically-ailtered volcanic rocks adjaccnt to the eastern margin 
of the brecda pipe. Morphabgically, the pone appears to comprise 
atleastsixeast-weststriking,moderatdynorth-chppmg * * ,paralldfrac- 
ture zones each ranging from 2 m to 6 m in true width and sepa- 
rated by 10 m to 12 m of unmin- rock. Drill intmsections 
through individual fracture mes have yielded values of up to 12.82 
g/t Au and 1.76% Cu over 7.5 m. 

Si Iver-Lead-Zinc (Gold) 
Argentifemus, lead-zinc vein-type minerahtion is prolific on 

the east side of Slocan Lake and is referred to collectively as the 
Slocan silver camp. Most of these veins strike northeasterly and 
dip southeasterly and are hosted by argikeous sediments of the 
Slocan Group, by Nelson batholithic rocks, and by volcanic rocks 
in the Willa pendant. S i c a n t  values in gold occur in some veins 
hosted by Nelson granitic rocks. 

Alterat ion 
Hydrothermal alteration evident in the area of the Wills deposit 

is a consequence of three discrete, but successive intrusive events 
and two major episodes of minaalizatian. Overlap and over-printing 
of the various alteration assemblages has resulted in a complex 
zonation. The two earliest alteraton assemblages, associated with 
molybdenum mineralhion, consist of biotite-pyrite and quartz- 
pyrite-molybdenite. These an spatlally-associated with quartz latite 
porphyry. Following this and associated with intrusion of feldspar 
porphyry is a potassic assunblagc of K-feldspar-biotite a#rompanied 

ciawasclody followed bypavasivecaldummetasomatisn resuhing 
in a prograde calc-silicate aheration assemblage. It is believed that 
most, if not all, of the goldapper-sihm mineralizatian accompanied 
this alteration. Retrograde atteration of this calc-silicate assemblage 
resulted in the formation of and over-printing by minerals such as 
epidote, pctinolite, gypsum, quartz, calcite, and zeolites. Empiace- 
m a t  of the Nelson Batholith produd only minor propylitic effects 
in the Willa area. 

by UP to 5% dissaninated m. Emplacarrent of hetaolithic bm- 

Biotite-Pyrite Assemblage 
Fme- to medium-grained black biotite accompanied by 2% to 

5% dissaninatedand fiactumfining@is locallypresavedwithin 
mafic volcanic rocks adjacent to quartz latite porphyry. While more 
probably a product of contact metasomatism related to intrusion 
rather than a true hydrothermal alteration, it remains a recogniz- 
able assemblage where it is not over-printed by later hydrothermal 
events. The biotite also occurs as felted masses predominantly 
pseudomorphic after augite! and may comprise up to 50% of the 
rock. Ubiquitous pyrite assodated with this assemblage contributes 
to the large pyritic halo which encloses the o v d  intrusive complex. 

Quartz-Pyrite-Molybdenite Assemblage 
Quartz-pyrite+molybdenite stockwork veins, sheeted veins, and 

pervasive flooded zones OCCUT mainly in quartz latite porphyry but 
are also found within volcanic rocks adjacent to the quartz latite 
porphyry contact. Alteration around individual veins is best devel- 
oped in the quartz latite porphyry where quartz-sericitepyrite enve- 
lopes pass outward into zones of albitized plag~oclase. Where the 
veins cut biotite-pyrite altered volcanic rocks, wallrock alteration 
is minimal, probably due to the dense, impermeable nature of these 
rocks. 

K-feldspar-Biot i te Assemblage 
A K-feldspar-biotite assemblage is spatially associated with the 

feldspar porphyry plug and locally is superimposed upon the fmt 

two alteration assemblages. Heather (1985) recogwd a h&n- 
tal zonation within this assemblage with K-feldspar dominant in 
the centre of the plug and biotite more prominent on the pcriph- 
ay. K-feldspar-daminant ahation is marked by partial to total 
rcpiacumntof ~ ~ p i a g i o c l a s e ~ ~  to yield a 
hard, w h i f i s h a l o d  rock with original tc3dures obscured. 

Biotitcdominant altcration is marked by the development of 
purple biotite laths which impart a dis- 

tinct pinkish colourarion to the rock. Biotite dcvdopmcnt is most 
intense near the margins of the feldspar porphyry in zones of 
monolithic bnccia. In these zones, fin- biotite, albitizcd 
plagioclase, and pyrite form the matrix of the bncciated rock. 

Prograde Calc-Silicate Assemblage 
Following dewbpmnt of the hctemlithic breccia pipe, prograde 

Olc-silicate ahaation rcsutting fromcakiumnaetasamatism associat- 
ed with the goldappcr-silvcr mineralizing event resulted in replace- 
ment of the braxia matrix, and f o d o n  of veins and 
f r a a u r e - m  in crackle-fradured dasts and peripheral crackle 
zones. The alteration assemblage consists of various combinations 
of the following minaals listed in order of decreasing abundance: 
pyroxene, amphibole, epidote, garnet, plagioclase, K-feldspar, 
quartz, anhydrite, sphene, and calcite. 

Retrograde Alteration Assemblage 
Retrograde alteration of earlier calc-silicate alteration minerals 

is widespread as veinlets and replacements. Epidote is 
particularly prominent as an alteration product within the garnet- 
anhydrite and pyroxene zones. Veinlets of amphibole, pyroxene, 
calcite, and quartz an seen to cut ail of the prograde assemblages. 

sumreplacinganhyQitearcalsoconsideredtorep~t retrograde 
alteration as the hydrothermal system collapsed. 

Fibrous clusters of dcolitc locally replacing garnet and sparry gyp- 

Lat e-st age Vei n I et s 
Veinlets co- of varying proportions of calcite, chlorite, 

quartz, and gypsum are secn to crosscut all rock types, including 
Nelson plutonic rocks. They are especially common adjacent to late 
shear zones and may contain minor pyrite, hematite, or magnetite. 

Weathering 
The artire Ixindkd areahas UndergoneShalloW surface leach- 

ing and oxidation resulting in the development of limonitic coat- 
ings up to s e v d  teas of centimetres thick on most outcrops. Rusty 
zones are espeaally prominent along Aylwin Creek and the western 
slope of Red Mountain. Limonite staining on fractures extends to 
several tens of m e a s  below surface. 

Synthesis 
The Lower Jurassic sequence of volcanism, hypabyssal intru- 

sion and related minaalization at Willa displays aspem of O r -  
dikancak4cak * porphyry m o m u m  deposits, all<alic porphyry 
copper-gold deposits and possibly auriferous skarn deposits. This 
complex nature is also evident in the Rossland mining camp, located 
approximately 100 Irm to the south and hosted by volcanic and 
intrusive rocks simihr in age and composition to those hosting the 
Willa deposit. 

At Wills, a n u m b  of features point to the existence of a Low 
Jurassic volcanic vent. Although much of the pendant c o m p d  
pyroclastic rocks, coarse sub-volcanic augite porphyry is 
predominant. In the Willa area, intrusion of quartz larite porphyry 
as ring and radial dikes, followed suaxssively by emplacement of 
feldspar porphyry and hcterolithic breccia near the centre of this 
complex, suggest a focus of igneous activity. M, preservation of 
the Aylwin Creek pendant is anomalous in its isolation and mY 
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indicate that this inlier possessed decpseated roots as might be 
atpeded beneath a volcano. 

w e n t  of the Willa deposit. 
’Ihe f O l I o W m g ~ ~ ~ i s ~  forthedevd- 

I 
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i 2. 

i 
1 
! 

I 3. 

4. 

8. 

9. 

10. 

11. 

Extrusion of an&tic flows and tuffs from the Willa volcanic 
centre, one of a number of discrctc vents within the Lower 
Jurassic Rossland arc. VoicaniSm was fobwed by continued 

chamber. 
Intrusion of ring and raciial dikes of quartz latite porphyry 
in a near-surface environment along extensional structures 
related to incipient collapse of the vent. Hydrothermal fluids 
exsolved d u h g  final solidifkarion of the quartz Ute porphyry 
magma yielded a poorly f d  system of quartz-molybdenh 
veining and weakly developed phyllic alteration. Development 
of biotite and pyritization associated with emplacement of the 
porphyry preceded this hydrothexmal activity. 
Intrusion of the feldspar porphyry plug, perhaps localiaed dong 
the main volcanic conduit. This episode was relatively force- 
ful, judging by the brecclated . nature of feldspar porphyry con- 
tacts. Some tilting of the adjacent volcanic strata may have 
occurred at this time. Feldspar porphyry e o n  and 
associated fluids formed pavasive potassium metasomatism 
that resulted in replacement by K-feldspar at the core of the 
plug and biotization on the margins, but did not precipitate 
metals. 
Magmatic hydrothermal brrcciation of intrusive and volcanic 
rocks localized dong the same structure that controlled 
emplacement of the feldspar porphyry. This bredation is 
thought to have been caused by explosive vapour release from 
a deepseated9 vo- * ,andasyetundecededin&n. 
Fluidization of the pipelike zone of fhgmented rock to 
produce the body of heterolithic breuia and, by abrasion, the 
rock flour. 
Following brecciation and fluidization in the pipe, strucsutal 
relaxation resulted in the development of an inwarddipping 
ring fracture around the remnant inlier of feldspar porphyry. 
Hydrothermal fluids evolved from the postulated solidifying 
intrusion ascend along the ring fracture and are dispersed 
throughout the permeable body of the breccia pipe and less 
intensely into adjacent rocks. Calcium metasomatism associated 
with these solutions results m &-silicate alteration of the brec- 
cia matfix and deposition of aurifaous and argentifaous chal- 
copyrite, pyrite, pyrrhotite and magnetite minerahtion. 
Overprinting by a lower tanperatwe retrograde calesilicate 
assemblage as the hydrothamal system cools and collapses 
upon itself. 
Emplacement of the Nelson Batholith in the Middle Jurassic 
resultsin~~thamalanddynamothermalmetamorphism 
and development of d a t e ,  chlorite, quartz and gypsum 
veining. 
Tertiary extension and detachment faulting results in north- 
striking normal faults which locally offset m i n e  zones 
and may have 1- tht arlplaamult of young mafic dikes. 
Erosion to the present day level with surface leaching and 
oxidation contributing to the formation of a limonitic coating 
up to several tens of centimetres thick. 

d i f f ~ o n  due to episodk tapping of thcundafyingmagma 

The Willa porphyry system is particularly noteworthy in that 
it contains both an early phase of molybdenum minerahtion with 
associated K-metasornalism (phynic) and a younger phase of copper- 
gold mineralhion with assodated Ca-metasomatism. Superposi- 
tion of these two distinct types of minerahtion and alteration, 
previously coIlsidaed by many to Epresent endmembers in the speo- 
trum of porphyry deposits, indicates that it is possible for both types 
of deposit to have evolved from a single intrusive complex of calc- 
alkalic afffity. 

The close spatial relationship and succession of feldspar por- 
phyry, a second event of K-metasomatism, volatile brecciation and 

Ca-rnetasomahn with Cu-Au minaalization implies that thee 
events are related. The feidspar porphyry might be the crystallized 
CarapBOc of the UnseQ ixlmskm that ~ u n d a w a r t v o i a t i l t  
saturation and brecciation. From the evidence described, this was 

a#mnpanied by achangc from K- to Ca-xnetasomatism 
which bracketal in time thc development of the breaia. The cu- 
Au minaalization is, thadort, ~xemhgly aswchtd with but sub- 
sequent to the feldspar porphyry. 
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