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INTRODUCTION 
Within the framework of cordilleran  alkaline 

intrusions,. there is a uniquc group of plutons 
charactertzed by pyroxenite and syenilc  (Lucck et nl . .  
1993). Some mcnlbcrs ofthis plutonlc s u t c  Ilost 
porphyry  copper-gold nlincralization and mineralized 
plutons shou dislinct pclrological dilkrcllccs from 
barren p~lllolls. 

Individual ~IUIOIIS shov \ari;lblc plutonic 
zonalion. the most pre~ ' :~ l c~~ l  bcing :I I>!,ro.xcnilc bordcr 

encloses !;ycnitc. \\hich typicall! contains an 
phase with 21 central core ors!cnilc. The p!roxenitc 

abundance of aligned alkali kldspar mcgacrysls. This 
zoning soggcsts t h a t  individual  silica-undersaturated 

crystallization histon. t l~m forming the enclosing 
magnu bodies fractionatc acgirine-;nlgite i n  their early 

pyroscnitcs.  lntcrnlcdialc pl~ascs are nlcla-syenites 
which  occur ad.j;tccnt to pyroscnitc and are 
mineralol:ical mixtures of pyroxenite and syenite. 

ASSOCIATION 
THE PYROXENITE-SYENITE 

DESCRIPTION 

in  widely  dispersed regions of the Canadian Cordillera 
P l u t c m  of the pyroxenite-syenite  associatiotl  occur 

(Curric. i 976. Andcrsoo. lOO3), Previous  srudics of 

Rugged Mountain plul011 (Ncil and Russcll. 1993) 
the Averill  pluton (Kccp and Russcll. 1992) and the 

chemist?' and mincralog! ofthis suitc. Distlnct 
provide  the fr;mc\vork for ;I dcscrlptlon of the 

similarities between the Avcrill and Rugged Mountain 
plutons include: tllc presence ofa  silic;l-unders;lturated 

pyrosenitc to syenitc. strong Iron cnrichlnent lor the 
suite of rocks spannlng the composit~on;~l range from 

rock  suit(: as a whole. the presence of a distinct 
igneous ni~ncral asscnlblage comprismg  alkali 
feldspar. acgirine-augite. biotite. mclanitc. titanite and 
apatite. and plutonic-scale  petrological zonation 

twelve plutons in  British  Columbia  which share these 
characteristics. These plo!ons (Figure I )  span the 
length of the British Columbia Cordillera. They 
intmde basement and voIc:mic arc rocks  of  both the 
Stikine  and Quesncll tcrrilnes and nere emplaced 

Field and literature rescarch has defined at least 

- 
Jurassic. 

(Lueck and Russell.  in press) provide  evidence 01'  
cumulate processes  in the formation of this pluton. 
This field evidence includs the presen :e of. strong 
concentric petrological zoning in the ii arm of a ZOO :o 

enclosing a core of  syenitc:. a pervasive, mappabl::, 
5 0 0  metre thick pyroxerlit,: and niela-s mite  unit 

by thc planar alignment of alkali feldsl tar and 
Inwardly dipping. non-tectonic Ininera fabric  fixmt:d 

thc form  of  vishnevile-calzcrinite. aegi~ ine-augite, ar d 
pyoxene.  and fabric-concordant mine] al zonation i.l 

activity is implied by  thl: presence ofv  shnevite- 
mclanitc-rich layers within the syenite  A low silica 

cancrinite  and  nlelanite 

Field studies of the Zippa Mounta tn pluton 

THE DEFINING C'HARACTE.PISTIC!i OF 
THE  SUITE 

The twelve plutons shown on Figt re 1 are t l ~ e  
minimum number of plutons which ci  n be defired as 
silica-undersaturated, zoned alkaline ~lutons. All 01' 
the plutons shown have the critical elenents that 
indicate they are  pan of this  suite. MO t of these 
attributes were detailed by Neil and Rt ssell (1993). 

MINERALOGY 

The mineralogy of this plutonic SI ite shows little 
variation in the  characteristic mineral ;uite of 
acgirine-augite. pottassiuln feldspar, b otite, melanite, 
titanitc and apatite. Various proportiol .s of these 
mmcrals  comprise the dominant rock 'ypes of 
pyroxenite.  mela-syenite and syenite. .'esting of the 
comagmatic hypothesis using Pearce e ement-mio 
tests (Lueck ef. 01.. 1993). was done fc r the Rugged 
Mountain pluton ( Figure 2) using zirr onium as a 
conserved constituent ofthe melt. Thi:  diagram tesls 
for the  sorting of feldspar and augite tl I explain the 
chemical diversity of the plutonic suitc . The tea  does 
not reject the comaglnatic  hypothesis. 

mineralogy include the presence of m: ;or amourrts #of 
Notable variations on, the above d(:scribed 

hornblende. magnetite ;and vishnevite.  :ancrinil:e  in 
some plutons (Neil and Russell, 1993; Currie, 1!176; 
Lueck and Russell,  in  press). The pres :nce of both 
hornblende and tnagnelitt: in  these plutons is ah3 
inlponant  criteria for the differentiatic n of mineralized 
from barren intrusions ,:Table I). 
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T A I I I . ~  I. Siliu;~-~lntlcrr;lt~Iriltcll plutons and the relarimship hutween mineralogy and Cu-Au mino ralimtion. 

Pluton Domin;tnt Malic Phase Abundant Terrane  4ffinity 
.- 

Maglletite 
Mineralized (Cu-Au) 
Galore Crcek  Hornblende 
Averill Hornblende Yes Quesl ellia 
Duckling  Creek Hornblende Yes 
Mt. Pollc! 

Qnesr ellia 
Hornblendc 

Ra\,ficld  River 
Yes Quest ellia 

Hornblcnde Yes Quest ellia 

Zippa Mountain 
No k n o w  reserves 

Augitc No 
Rugged Mountam Augite  No 

Stik nia 
Stik nia 

Ten Milc Creek Augite No Stik nia 
Whilerocks Mountain  Augite No 
Kmgcr Moontam 

Stik nia 
Augite No Quesl ellia 

Kanlloopr  Syenite Augite No Quesl ellia 

.- 
Yes Stik nia 

"" 

"" 

Rugged Mountain Suite 
,.,I , , ~. . ~~~~~, 

. 
slo,,'= I 

CHEMICAL COI\IPOSITION 

Based on aIk111 and sIIic;I contcnt. thcse plutons 
are  chcn~i~:ally alkalinc  (Ncil and Russell. 1993). They 
are strongly undcrsaturatcd \ w t h  rcspcct to sllica and 
this is unl~,.crs;lll! csprcsscd both chemically and 
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mineralogically as normative feldspath lid and rnidal 
Inclimilc. Other notable occurrences of silica- 
undcrsatoratcd phases include:  ncpheli le in the 
Knlgcr sycnite (Currie. 1976): pseudo- eucite  at 
Mount  Pollcy and Galore Creek  (Curril . 1976); and 
\ishlle\ite-ci~~~crinite at :Zippa Mountai 1 (Lueck  xnd 
Russell.  in press). 

Figure 3 is a tcrnarq  AFM diagrar I which 3 1 1 0 ~ s  
the representative compositions of rock; from both tlle 

Mountain plutons  (Ncil  :rnd  Russell. 15 93). Both 
Avcrill (Keep and Russell. 1992) and F ugged 

suites  show a strong iron  (enrichment t .end  which is 
typical of this plulonic  association. lror enrichnwnt is 
exprcsscd  n1incralogically by iron-rich  legirinc-augite. 
nlclanite gnrnct.  iron-rich biotite and II agnetite 

I?&* 

Nu ,o + y 0 M E 0  

Figure 3. AFM diagram for rocks  from the Averill 
and Rugged Mountain plutons. 

IGNEOUS MELANITE  GARNET 

The prcscnce of igneous mclanite j arnet. a 
til;lnium-bcari~Ig  andradite. is a primar j 

3.'3 



distinguishing feature oftl~csc plutons (Lucck c'I o / .  
1993). Mclanitc  garnet O C C I I ~ S  III \ ac ing  ~ I I ~ O ~ I I I I S  

within these bodies and bcconm a major phasc 

Mountain pluton and occurs ;IS rarc cunulate bands 
locally. Melanite is a c o n ~ n ~ o n  phase i n  the Zippa 

(Lueck and Russell. i n  press). The presence of 

fugacity in  these melts as these nlincrals rcquirc 
melanite and  aegirinc-augite suggests a high osygcn 

significant Fe3+ in their crystal stnlcture. 
The presence of tit;lnium i n  the  structure of 

andradite is problematic (Dinpcl l  and Brearly. I ' M :  
Howie and Wooley.  I96X: Huckcnlrol~. 1960:  Huggins 
e / .  a/ . .  1977: Issacs. 106s: Mooreand White.  1971: 

aluminum in  the andradite stnlcturc i v i t h i n  natural 
Schwartz. 1070: Tanc. 1979). The prcscnce or 

definitive solution to thc problein has yet to be 
melanites  complicates the substitution behavior. A 

determined. 

melanite  garnet  (Figure 4) from the Rugged Mountain 
A plot of cationic  titanium versus silica in  

pluton (Neil and Russell. 1993) shows t l n t  there is 

accommodated by the silica vxmcics. There is. 
more titanium in the garnet  structure t11:1n can be 

elenients o f  I . j  titannlnl ~ I I O I I I S  for C\'CI? I sllic;i 
however. a strong  linear  relationship  bct\\ccn  the txvo 

absence.  This suggests ;I cOuplCd substitutloll of 
titanium i n  both the tctrahcdrall~ coordnwtcd  silicil 

The latter substitution would rcquirc the rcduction or 
site and also i n  t l ~ e  octahcdrall~ coordimltcd Fc" site. 

Fe3+ to Fez+. 
O.ST "" 

i 
4 __,. 1 ,' .̂  i 

.l/d",,;le Gurner 1 
0.6 + 

Figure 4. Plot  of cationic silica vs.  titaniuni in 

and Russell, 1993). Upper dashed line is idcal 1.5: l  
nlelanite garnet  from Rugged Mountain pluton (Neil 

substitution: solid line is fitted cunc.  

PLUTONIC ZONATION 

of these undersaturated plutons. The  suite is 
Plutonic zonation is anotl~cr distlnguislnng feature 

characterized by a zonation from pyroxenite to s!cnite. 
Pyroxenite encloses a core oftrach>lic syenite in  many 
of these plutons (eg. Rugged Mountain.  Ten Mile 
Creek [Morgan, 19761. Zippa Mountain. Whiterocks 
Mountain).  Intermediate mela-syenites are found 
adjacent to pyroxenites (eg. Rugged Mountain. Zippa 

Mountain) and arc mineralogical Inixtures of syenite 
and p y o w ~ i t c .  This zoning suggests that the 
lithological diversity within thcsc plutons is a result of 

rractionation oraegirine-:nlgite early i n  the 
magmatic  dilTcrentiation processcs. Magmatic 

crystallization history of the pluton is a possible 
explanation for both the  plutonic geometry and tlte 

association 
litho1ogic;rl inhomogeneity of this pyroxenite-syenite 

PLUTONIC  FABRIC 

form 01pl;ln;lr  crystal aligninent is another  diagnostic 
Thc prcscnce ofa prominant mineral  fabric in  the 

feature ofthis plutonic associi~tion. Trach)lic syenite is 
a dominant rock type in  all of these plutons and  this 
may  reflect  on the origins of tlte syenite phase. At 
Zippa Mountain (Lucck and Russell. in press) 
trach)tic :Ilignments of potassium feldspar  crystals 
outline a \vell-developed and  mappable  fabric  within 
the syenite phase of the  pluton. This fabric is non- 
tectonic i n  origin. as evidcnced by the lack of strain 
within thc interlocking crystals t h a t  outline  the fabric. 
Thc foliation outlincs a map  pattern which  is inwardly 
dipping. co1lcord;nlt \\it11 the pluton Inargins and 

consistent with a cnstal cumulate model for the 
stccpcst ;I[ the p)roscnitc  bordcr.  This geonietry is 

fornution oftl~cse plutons. 

CONCLUSIONS 

Silica undersaturated. zoned alkalic  intrusions 
occur in  both the  Stikine  and  Quesnell  Terranes  within 
British  Columbia.  These  plutons  intrude Paleozoic to 
Triassic assemblages. are latest Triassic to Early 
Jurassic i n  age  and  are formed from arc-related 
nulglnas. 4.roxenitc  and syenite are compositional  end 

be conlaglnatic  and related by the  sorting of mineral 
mcnibers within t lns plutonic suite that  are believed to 

phases within tlte cooling magma chambers. 

several of these plutons and the  presence  of  significant 
Porphyry copper-gold deposits are found  within 

mineralization is restricted to plutons which contain 
an abundance of hornblende and magnetite. 
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