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------- - ----- --- ------MflliJtn' of £mplo~''"'~"' 1mtl hll'e,.·,,,u~n, 

A loskan•typc or zoned ultmmafic-mnfic complexes i n 
British Columbi:.1 occur within :u:c:re1ed volc:mic-:,rc rerm
ni:s of the lntcnnonwnc Or:11 oh.he Canodian Cordillcr-1 .and 
are broadly coeval and coit-p:.11ial wi1h early Mcsoroic arc: 
volcanic rocks o(Qucsnellia nod Stikinia. The data on Alas
kun-1ype complexes presented in 1his report includes pre
\•iously published work on the Tulainc:cn, Polaris, Lunar 
Creek, Wrede Creek. ond Johonson Lake bodies in the Ques· 
ncl Terrnnc. and the Hickmon, Gnat Lakes and Menard 
Creek complexes in northern Stikinia. 

Where their exrcrnal geome1ry can be detennincd, 
Alaskan-type complexe.~ rom1 transgressive sills (t.g .• Po
laris) orsu:,ck-la.:c intmsions (t.g .. Wrede) with locn.lly wcll
dtveloped 1hermol aureoles. Igneous 1cxturcs ore well 
preserved and cumulus miocml.s include olivine. chromite. 
clinopyroxc.nc. hornblende and fe ldspar with minor phlo
gopi1e/bio1ite. magnetite.. ap:atitc and sp.henc. The principal 
uhrumalic lithologies n.rc duni1c, w~hrlile. olivrnc dinopy
ro,"<cnitc, clinopyroxcn,11.·. homblcndl' clinopyroxenitc 3nd 
homblcndi1c: and thin. discontinuous layers of chromititc 
:ire contained in duni1c. Mafic to intcnnedi:t.te feldspathic 
rocks (hornblende gabbro.diorilc 10 sycni1e) cut by late• 
s1age homblcndc·feldspar•quartz pcgmatitcs arc exposed in 
most complexes. lntcm:il 1.0ning may be a.ssymctricul (e.g .. 
Pol:ari.s) or crndcly symmetrical (e.g .. Wrede, Tulurnccn) 
and contnc.l~ between lhhologies 3fC sharp 10 gmd:11ional. 
CenLimctrc-scaJe modal luycring. is gcncraJJy mre bul lo
cally conspicuous a.t Tul::11nccn and Lunar Creek. 1be fie ld· 
work. results indicalc thal previous concepts rch1ting the 
origin of A lllskan-lype intrui;ion.s 10 diapiric re-emplace
ment of ultr.unafic cumul:nc.s existing at depth are no longer 
tenable. Ralhcr. lhc.sc Alaskan-type inlrusions were cm
pl:1ced high in the crus1 (subvolcanic'?) w~re cumulmc se
<1ucnccs developed ;,, situ e1nd recol'ded 1he progressive 
<lirfcrenu:uion of primi1ivc:, and in some eases po1assic, 
mafic magma.11:. Remobilizmion of e3rly olivine-rich cumu
lales and chromilile horizons in the rn:1gma ch:unhcr was 
cffoc1ed by .slutnping ur reworking of pool'ly consolid:ued 
cumulate hori1.ons in response to convcc1ion currents . gravi
lationa1 instability or tccconic (earthquake) :K:Livily. 

New U-Pb i.so1opic analy$CS on z.in:on~ sc:para1ed from 
f:11e-s1agc fcldspathic pcgmaiiles in the LunarCrcek:1nd Po· 
Ions complexes )'ield mitl-Triassic (237±2(2a) Ma) and late 
Et1rly Jurn~.sic ( 186±2 fl.·ta) d;11c.~. rcspcclively. These d:lla 
aucs-1 ro the longevi1y of pluronisrn n.nd coeval volcani$m in 
1he nccrc1cd ore 1crrones ofQuesnellia and S1ik1n1:1. Further· 
mQrc, correlation of regional ~truciures with ductile rabrics 
developed in the thermal :mrcolc ::ti lhe base of the Polaris 
complex indicnics thot early, cns1ward•\'crging co11trac-
11onal defoml:llion related to docking o( accre1ed 1.erranes 
wilh :inccstrnl North America npparcn1ly began during 1he 
final stages of coolins or the Polnri~ complex (i.r. , e.:irlies1 
To.m:ian). 

81111~/l'n 9.J 

SUM1\1ARY 

The economic po1cn1ial of Alasl:an-typc complexes 
has been cv:.1lu:1tcd wilh respect to plutinum,groupdcmcnts 
(POE). 1nc: hishest abundances of PCE occur in chrorniti1cs 
in 1hc Tulamccn :md Wrede Creek complexes. nnd rcOcc1 
1hc accumulation of di$·cre1e platinum.group minerals 
(PGM). princip;:1lly pl.n1inum-iron :alloys. in mogrmuic cu
mulates. The chromititcs arc charac1cri1..cd by very high 
platinum:palladium and plntinum:coppcr ratios. Nonnul· 
ized PGE abundances of plntiniferous chromititcs h:ive "M~ 
shaped" pallcrns wi 1h peaks 31 platinum and iridium 
separated by :ln in1ervcning t.n>ugh a1 ruthe nium. 1bcse un· 
usual geochemical traits serve 10 distinguish Alaskan-type 
complexes from other geological environments. 

The tc.xtures and cornposilions of platinum-group min
eraJs. and coexisting silic::i1c. oxide a.nd base metal m.inernls 
in PGE-enriched chromititcs of the Tulumccn Complex one.I 
spa1i3Jly ns-sociatcd placers ha,re been exninined in de1nil. 
The pri ncipa l Pt-Fe-Cu-Ni alloys in c hro mi111es .ire 
"lctntforToplatinum" I Pt(fe.Ni,Cu)I and ''iwforroph1tinum" 
IPt2.5(Fc.Ni.Cu) 1.sJ where.as placers commonly contain 
"isofem:>pl:11inum (P13Fc 10 Pl?.6(Fc.Cu. Ni) 1.4f, n:i1ive nnd 
(crroan p latinusn. Mos1 alloys (except tulomeeni te, 
Pt:2,FeCu), ond 1n inor l:rnri1e (RuS2) and ehrlichl'nanitc 
(OsS2). a.re interpreted to rcpresen1 n primary high-1cmper::i-
1Ure paragenesis. Other PGM. notably plat inum arscnidcs 
and antimonidc~ and rhodium-iridium ~ulpharsenidcs. plat
inion copper, and small quumities of base me1a.l sulphides, 
ursenides. nnti01nnidc$, oxides und na1ivc me1als. nrc sec
ondary and fonncd by me1asomatic replacement a.nd Jocal
iic<l remobilization of PGE during scrpcn1ini,.a1ion and 
regional mct.amorphism. The: cornpositions of chromite and 
olh•ine in platinum nuggeL~ arc identical to grains in chromi
tites .o.nd indicate quite conclusively thot PGE in the placers 
were derived from minernli?.cd chromi1ites in 1he duni1ecore 
of 1he Tulomccn t!Omplcx. The origin o f 1hesc PQJ;.cnrichcc:I 
chromi1ites in Alaskan,cypc intrusions is related to scgrcga• 
lion of predominantly Pt-Fe alloys from primiti\'C magmas 
during condi1ions th;u cnh:mccd the precipi11,11ion o( chro
mite (~.g .. incrcu.~ in the fug :.ici1y of oxygen). ·n,crc i.s no 
cvitlcncc for subsolidus conccntra1ion of PGE by either ex· 
sohuion from chromite or dcsulphurit.;.11ion or primary rn:1g
m:11ic sulphide .. '-, 

The rnincnilogy and geochemistry orPGE in Alaskan, 
1ypc in1rusion!o hove impor1an1 implic~u.ion!'- forcxplorntion. 
TI.e provenance of PGM in placer deposits may be uniquely 
ch;1rJcteri?.cd by 1he co,nposi1ions or c:ocxis1ing gangue 
mine.mis such us chromite and olivine. In addition. the dis~ 
tioctivc "M·shapcd" PGE .ibund:t.n<:c paucms of mineral
ized c hromititc.s provide a dcfini1ivc .signature: of an 
AklSkan-typc source. S ince 1he PGE arc prcdomin:mtly con
ccn1r,ued in relatively inc.n :11loys, I.hey arc cxpec1cd co be 
fo irly robust during weathering o.nd tran.spon.:ition. There· 
fore. these observations should encourage lhccurcful ~nuly
s is of panned etmc.entr:ues when prospcc1ing for the source 
or 1,Jacer PGE. 

;;; 
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CHAPfERl 
Alaskan-type ultramafic-mafic complexes in British 

Columbia arc potential host., for commen:ially exploitJble 
deposits of platinum metals (Rublee. 1986: Evcnehick e.t aL. 
1986) as well as commodities such as chrome. niekel,cob3l~ 
asbestos and jade. In 1987, lhc British Columbia Geological 
Survey initiated a project designed 10 update Ille geological 
database for Alaskan-type complexes in Briti.sh Columbia 
in order IO more fully evaluai,, lhciroconomic potential, par
ticularly with respect to platinum-group elements (POE). 
The project was made possible by funding provided by lhc 
Mineral Development Agreement (1985-1990) between 
Caruwla and lhc Province of British Columbia. This repon 
sulillllllrizes pn,viously published and unpublished results 
of geological fieldwork and gcochronological, mincralogi· 
cal and geochemical jnvcstigations of Alaskan-type com
plexes conducted between 1987 and 1992 (cf. Appendix A). 
II includes practically all of the known major Alaskan-type 
occurrences, including lhc Tulamecn, Po loris, Wrede Creek 
and Lunar Creek complc,es, and many minor bodies such 
as Johanson Lake, Menard Creek. Gnat Lakes and Hickman. 
1l,c Tulamccn complex warrants special aucntion because 
it has served as a type example of Ille Alaskan-type associa
tion in British Columbia (Ftndlay, 1963: 1969). 

The Alaskan-type complexes and lhcir associated plac
ers arc considered to be lhc most favourable environment 
for POE in Ille Cordillera (Evenchick ., al., l 986: Hulben 
<ta/., 1988: Nixon and Hammack. 1991). Todat,:, however, 
only lhc platinum-rich placers derived from lhc Tulamecn 
complex in soulhcm British Columbia have been exploited 
economically, yielding some 680 000 grams of impure plati· 
num nuggets between I 88S and I 932 (O'Neil Md Gunning, 
1934). Evidence is presented in this study for a direct link 
between POE-enriched pincers and chromiti1<:-hosted POil 
mineralization in the bedrock. More impon.andy, lhis work: 
has Jed to lhc recognition of impo,rtnnt new exploration tech
niques for detennining Ille namre of lhc source of placer 
POE based on lhc geochemical signature of panned coneen• 
tratcs and mineralogy of platinum nuggets. 

ALASKAN-TYPE COMPLEXES: 
GENERAL NATURE AND TECTONIC 
SETTING 

The Alaskan-type complexes are named for a distinc• 
rive suite or ultmmafic-mnfic intrusions distributed along a 
nnrrow, northerly tn:nding belt, 600 kilomctn:s long, in 
southeastern Alaska (Figure I. I). They were previou.sly de
scribed from lhc Urnl MounrniM in the former Soviet Union 
(<.g .• Duparc and Tikonowitcb, 1920) and arc well known 
in both orogcnic scnings and stable platforms (<.g., Aldan 
Shield in lhc former Soviet Union: Choco District, Colom
bia: Youbdo, Ethiopia; Goodnews Bay, Alaska: Fificld
Owendnle District, New South Wales. Australia; cf. Taylor, 
1967: Cabri, 1981: Johan ti al., 1989; Slansky ti al .. 1991). 
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Figure 1.1. Oimibution of major Alaskan-type ultn.mafic-m.arJC 
complexes and coeval voleanjc rocks in British Columbia a.nd 
sout.heutcm Alaska in relation to tcclonostntigraphk &clTllncs of 
the Cordillera. 

Commonly used synonyms include Alaskan-Ural, Uralian, 
concentrically zoned or jusl zoned complexes. Their salient 
geologic and petrographic features have been S11mmarizcd 
by Taylor (1967), and lhc Duke Island ultramnfic inlnlSion 
remains lhc best-documented example (Irvine, 1974a). 

One of the key internal nrtribures of Alaskan-type com
plexes is a zonal distribution of rock types such that olivine
rich lilholog;ics in the interior grade outward into pyroxenitic 
and/or gabbroic 10 diorilic rocks at the margins. This paucrn 
may be crudely concentric but this is not a universal trait 
(Taylor, 1967). Primary mcsoscopic layering and scdimen
wy structures such :is those so spectacularly developed at 
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Duke Island (Irvine, 1974a) an,seJdom observed and appear 
atypical or Alaskan-type complexes in gcnc111I. In part, how
ever. such features may have bce.n ob5Cllrcd or moc:tmcd by 
post..cumuJu.t recrystallization and rcmobiUz.a.tion. 

Ultnunafic lilhologies cha.rac1cri.stic of AldS.k.an-typc 
complexes lie along the olivi~linopyroxcnc join shown 
in Figure 1.2. The clwifteation liebcmc is C$$Cnlial.ly th3t 
n:commcndcd by the IUGS Subcommision on the Systemat
ics or Igneous Rocks as summorizcd by Le Ma.itn: (1989). 
However, ii w35 found beneficial in lhc field to ru'bitr'Qrily 
subdivide extensive wehrlitic Ji1hologics into olivine 
wehrlite (65 10 90 'l!, olivine: IO 10 35 'll> clinopyroxenc) and 
wehrlite (40 to 65 'l!, olivine: 35 to 60 'l!, clinopyro,enc). 
Ea.tly cumulate mineral! In Ala.slcan-typc complexes a.re 
typically represented by rorstcritic olivine, chromite, diop
sidic c linopyroxcnc. and r11rc phlogopil.ic mica, whereas 
hornblende. biotitc, mt1gncli1e and plagioclo.se (together 
with accessory Q~lirc, sphcoe ;ind ilmcnilc) commonly pre
dominote in the more evolved rocks. Onhopyroxene is ch:1r
~c1crlstk.aJly absent which ha.i been taken to indicate an 
olkalic affinity for the p:1rentol magmas (Irvine. 1974a). The 
gobbroic to dioritic rocks may be mildly alkaline or calcal
kttlinc. or 1holcUlic, and noc necessarily genc,ically linked 
with ultmmalic cumulates (Irvine, 1974a). Not oll or the 
chnractcristic rock types arc represented in each intru..sion 
which c:in mnke their Al.ukan-typc affinity djfficuJt 10 cs
toblish. particulorly if only homblendc-rich und feld., pathic 
diffcrc.ntia1es arc exposed. 

Occurrences or the mojor Alaslcan-typc complexes in 
British Columbia arc shown in Figun, I.I . 0,her smaller 
bodies :,re also lcnown, particul:1rly in the northern part or 
the province i.n the Wredc-Polnris region. ln an nucmpl to 
formally apply recommend:uions conuiined in the Nonh 
America.n S11111igrnphic Code. Woodswonh er al. (1991) 

ClASSIFlCATION OF ULTRAMAF1C ROCKS 

OPX 
10 

~onhe 

OL 

IO 

• CPX 

Figure 1.2. Owlfication or uh.nunafic rocks (modified after Le 
Mail:re. 1989). Ulhologies encountered in A.lasb.rMypc com
plexes i.n British Columbia lie 11looJ 1.hc olivinc-clioopyroxcnc 
join; other common rock types include hombltnde cUnopyroxcni tc 

( 10-S~ hornblende. 10.SO'li c llno pyroxcnc:) clinopyroxcne 
homblenditc ( 10.SOII> dinopyroxc.n<, 10.SOII> homblcnde) ond 
homblcndltc (<IO<JI, clinopyro.coc). 

used the term "Polaris Ultmmalic Suite·· 10 describe all 
Alaskan-type complexes in British Columbia which were 
considered to be LnteTrias.sk in age. Recent isotopic dating, 
however. has established intrusion ages ranging from mid~ 
Triassic for the Lunor Cn:ck complex. for example. 10 laie 
Early Jurassic in the case of the Polaris complex. Also, then, 
an: significant exposures of gcnctically-rcla1cd mafic·intcr
mediatc cumulate sequences exposed in the upper pa.n or 
the Polaris complex. fo, example, in addition 10 the mon: 
voluminous ultmnufic lithologlcs, and in some complexes 
ma.fie lithologies predominate almost 10 the exclusion of ul
tromafic counterparts. Al this time, therefore. we have de· 
cidcd to n:tain the informal term "Alaskan-type complex" 
(Irvine. 1974a) 10 design.ate all such in1NSive suite.tin Brit· 
ish Columbia ond have indicated the relative abundance of 
1,dtrumafic vcnus mnfic lithologics io any sing.le complex 
by use or the odjcc-livo.l qua.lifers ulU1Jm3fic-mafic. where 
ultramafic rocks predominate. and mafic-ultramafic where 
the opposi tc is true. 

Without cx.ccptlon. all or the Alaskan-type complexes 
in British Columbia lie within the allochlhonous tcrranes: of 
the lntermontanc Belt, specifically Qucsncllia and Stildnio. 
that were amalgamnted and accreted to the cratonic margin 
or anees1111J Nonh America in the Mesozoic (Gabrielse and 
Yornth, 1991: Wheeler and MeFceley, 1991). Their distri
bution is spatially associnted with Late Triassic to Early Ju
rassic volcanic-arc rocks of the Nicola. Takla and Stuhini 
groups (Figure I.I ) with which they have been genetic~lly 
n:.lated (Irvine. 1974b. 1976: Monimcr, 1986). The size or 
individual intrusive bodies ranges from less than one square 
kj lometrc to sixty squate lcilomclfCS, and outcrop pa.ucm.!l 
vary from round orelliptical to markedly elongate. The lotter 
intrusions an, gene.n,lly elongated pa111llel 10 the pn:domi
nanr suuctural gniin of the region. Some intrusions exhibit 
well-0evclopcd contoct metamorphic aun:olcs or amphibo
lite grade: others appear 10 be completely fault-bounded. 
The geology and noble metal geochemistry or specific com
plexes is examined prior 10 o.n overall assessment o r their 
economic po1enti:al and tectonk .significance. 
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Bullttin 9) 

Our ongoing education with respect co the nature and 
si,gnificance of Alaskan-type complexes and their platinum• 
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-------------------------------"M"in"'is"1'-rv.,2f Emplo';'tMnl and lm·~slnwnl 

CHAPI'ER2 
The Hickman ultramafic-mafic complex (S7°16'N, 

131°0S W ) is loc•tcd approximately 150 kilometres south
southwest of Dease Lalcc and 55 kilometre• south of Tele
graph Creek (Figure 2.1). The project arc• is covered by 
1:500001opographic maps 1040/6 and 1040/3. Acccs.< 10 
the region is by air from Dease Lake 10 an airstrip al the 
confluence of the Scud and Stikinc rivers, and from the.re by 
hclicop1er. The region has exccllenl, though rugged, rock 
exposures that skin receding mountain glaciers at altitudes 
bc!wccn 1200 Md 2800 metre.. 

REGIONAL GEOLOGY AND 
GEOCHRONOMETRY 

1bc Hickman complex lies near 1hc eastern edge of lhe 
Coa.!:l Mountains in the lntcffllonto.nc Belt. It is situated in 
northern Stlkinia, a tcc1onos1.ratigrophic; 1crranc comprising 
middle Paleozoic to Mcso1.oic sedimentary, volcan.ic and 
plutonic rocks (Figure 2.J), The c-0mplcx is named for 
Mount Hickman which lies at its wcste,m edge. 1nc arc.:t is 
underlain by Late Tria.~ic to Middle Jurassic grani1oid rocks 
of the Hickman batholith and volc~mic lithologies assigned 
10 !he Upper Triassic Stuhini Group (Figure 2.2: Souther, 
1972: Holbeck. 1988: Brown and Gunning, 1989). 

The Hickmon bo1holi1h ( 1200 km2) is a comp0si1c body 
incorporating the Late Triassic (Camian-Norian) Nigh1ou1 
and Hic kman pluro ns (Stik inc Sui te g ranitoids of 
Woodswonh <r al., 1991) and Middle Jurassic (Bajocian
Bathonfa.n) Yebiniko pluton (1'hrcc Sisters Suile) which in-

I 
N 

I 

ON-Ouesnellio 
CC- Coche Creek 

• 

ST - Stildnio 
NA- North .Amerko 

AX- Alel¢ondtr- loku- t·lisllf"lg 

l >O 

Figure 2.1. Locatfon of the Hickman uhr.urui.fic-maficcomplc.1: i.n 
relation 10 major tCC'lCln0$tradgr.iphk aem.ncs in nonhcm British 
eo1·umbi.1. 
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IDCKMAN COMPLEX 
trudes the other two. Potassium-.a.rgon and rubidium• stron
tium geochronomctty on mineral sepa.nues and whole rocks 
yield dales of 228:tl6 (2a: K-Ar on hornblende), 221:tl6 
(K-Ar on hornblende), and 178x±22 Ma (Rb-Sr. whole 
rock) for !he Nigh1ou~ Hickman and Yehiniko plu1ons, re• 
spcc1ivcly (Holbeck, 1988). The Hickman pluton underlies 
some 300squarc k.ilomctrcs at the sou them limit ohhe Hick
man OOtholilh. Two phases of this pluton are recognized 
within the map area; a mnin gra.nodioritic to monzonitic 
phase and a mafic, more gabbroic phase. 

The uhrarnafic-mafic rocks wen: origina1ly considered 
10 fonn on inlcgrul part of the Hickman pluton (Souther, 
1972). However, more reccn1 mapping by Holbeck (1988) 
and Brown and Gunning (1989), in addilion 10 our w0<k, 
indic.a1cs 1hat Mount Hickman iL<e.lris underlain by volcanic 
and volcaniclastic rocks that extend northeastward along the 
wc.iu:m margin of the ultramafic-mafic comple.1:. We have 
lherc.forcdecided 10 treat the Hickman complex as a separ:nc 
entity nuhcr than assume gcnctk links with the Hick:man 
plu1on for whtCh there is currently no strong evidence. 

The Stuhini Group easl of Moun, Hickman generally 
fonns elongate outerops that 3.tC bounded by north-~nding 
normal fnults or intruded by balholichic rocks. Regionally. 
the S1Uhini Group is c.haractcri1.cd by mafic 10 in1ennediarc 
augite:-phyric nows. sills and volcaniclastic roe-ks with sub
grccnschi.i metamorphic as.semblagcs. The upper part of the 
succession contains homblende-plagioclase-phyric andcsi• 
tic nows, hctcrolithic volcanic breccias and conglomerates. 
and mtt: fct1oic tuffs capped by fossiliferous limestones of 
Norian to CWTiiun age. These rocks appear 10 be correlatjve 
with similar lithologies thal occur 100 kilometres to the 
nonheas1 around the margin of the Hotailuh bathoJith (An· 
derson, 1983: 1988). 

The slNClural and metamorphic history of the region is 
complex (cf. Brown and Gunning, 1989). Al leas, 1wo 
phases of pn:-Pcrmion folding""' recognized, and defonna
lion .tlso occurred in post-Early Jurassic time with south
westerly dirtclcd folding and thruSling. The laltcr phase of 
compression involved the ma.rgins of the Hickman pluton 
aJld the Stuhini Group. f3uJ1ing in 1hc region t1ppears 10 h.tve 
continued into the Late Tc.rtfa..ry. 

COUNTRY ROCKS 

STU HIN/ GROUP 
Volcanic asi.cmblagc:$ of unccrcafo ttgc (Holbeck. 

1988) almost complcicly surround the ulirnmaficcomplcx. 
In the nonh. 1hc cont..:t wi1h ulirnmafic rocks is faul!J:d. bu! 
10 the cast a sharp intrusive contact has been rccog.niz.ed 
bcrwun weakly homfelscd volcanic rocks and marginal 
gabbro. of the Hickman complo• (M.H. Gunning, personal 
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communicolion, 1988). 11lc exact position nnd nature or the 
we.stem contact just cast or Moun1 Hickman is not known. 

The volcanic s tratigr.&phy comprises predominanrly 
mafic aphyric nows with subordinare pOrphyritic andcsites 
and minor intercalared volcaniclastic material. Theroc::ksarc 
generally dark greenish to medium grey or maroon. and are 
locally blcochcd pale green 10 buff. Andcsitic nows con,ain 
phcnocrys1s or plagioclasc (20 vol%) up 10 3 millimcues in 
lcnglh, and pyroxene and/or amphibolc (<5 vol%). These 
lithologies are included within the Stuhini Group. although 
doubt remains as to their exact stratigraphic position. 

HICKMAN PLUTON 
The main phase of the Hickman pluton delineates the 

northeastern margin oft.he ultr:lmafic complex. It comprises 
a pale grey 10 pinkish grey weathering medium-grained 
hornblende biotite monzonitc to grnnodiorit.e which gm.de$ 
into a more mclanocrat.ic phase towards the core of the plu• 
ton. TIM: granitoid rocks become finer g:rai.ncd and enriched 
in biotite towards their cont.acts and irregulB.r apophyses of 
fine-grained bio1jtc monzonitc locally cul the volcanic as• 
scmblages. 

The mafic phase or lhc plu1on is largely composed or 
medium to OOMSC·graiocd block homblc:ndjtc. plagioclase· 
bearing homblendile, and dark 10 light grey hornblende gab
bro to dioritc with minor biotite. Prismatic hornblende 
crystals (<I cm in length) in 1hc more mclanocratic rocks 
locally define OJ\ igneous lamination. probably a now folia· 
t.ion, that wraps around inclusions. 1be xenolith suilc com
prises angular 10 rounded b locks of hornblendite. 
hornblende gabbro and grey-green pyri1ic diori1e and large 
rafls or homfelscd scdimcnmry rocks. 

IDCKMAN COMPLEX: 
ULTRAMAFIC-MAFIC ROCKS 

The 1TU1in outcrops of matic and uhr.imafic rocks thot 
comprise the Hickman complex are found immediately cast 
of Mounl Hkkman. which itself is underlain by volcanic 
rocksoruncenain agc(Holbcck, 1988), possiblycom:la1ivc 
with the Stuhini Group. 'The complex covers I J square kiJ. 
omc:tres and forms an elongate body trending northeast with 
maximum dimensions of about 6 by 3 kilometres (Figure 
2.2). The uhramafic-mafic rocks are spatially associa1cd 
with the Hickman plulOn. 

DUN/ TE 

A small wcdgeorallercdduoile is exposed al !he nonh· 
cm end or the complex in fault contact with volcanic rocks 
and inuudcd by tho main phaseorlhc Hickman plu1on. Tho 
rock is dark 10 pale grey wealhcring. modem1ely magnetic, 
and cul by numerous white calcite veins (<6 cm in width) 
especially near contacts. Two srunplcs collected within 10 
metres of the contoc1 are thoroughly scrpcntini7.ed. In thin 
section, olivine i.s seen to be completely replaced by serpcn· 
cine and grain boundaries :i.rc coated with secondary mag• 
nethc dus1. Tiny cuhedral chromi1e crys1als ( I vol%) are 
di.spc,sed 1hroughou1 lhc rock. 
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OUYINE CUNOPYROXENITE AND 
CUNOPYROXENI TE 

lbe central pan of the Hickman complex is predomi· 
nandy composed of dark g.rcy-grccn 10 brownish wcalhcr· 
ing, coarse 10 medium-grained c!inopyroxenite containing 
minor olivine (up 10 20 vol%) and in1crstitial magnctilc (5 
10 10 vol%). accessory bio1i1c (<I vol%) and rnre horn
blende. The rock is generally massive and uniform except 
close to rauJtS where anastom.i:t.in;g veins or carbonate, ser
pentine. talc and clay minerals are found. Some fault woes 
arc silicificd and contain disseminated sulphides. In north, 
cm ou1trops, the modal proportion of olivine appears 10 de· 
crease 10 lhe cast, away from the duni1e. Locally, lhc 
clinopyroxenite is enriched in biolite which forms crystals 
up to l centimetre across. Clinopyroxenites gradually be· 
come reldsp.uhic 1owards the contact wilh marginal gnb
bros. Generally, olivine and clinopyroxene occur as 
cumulus minerals tha1 locally cxhibi1 adcumulus growlh. 
Iron-titanium oxides and biotite, with or without horn
blende. fonn un inlcrcumulus framework. 

GABBROIC ROCKS 
Gabbroic rocks crop out in a narrow belt SOO metres 

wide along the. eastern margin or the complex. 'These mar
ginal gabbros are dark to medium grey, cquigranular rocks 
con,aining subcqual proponion.< or plagioclasc and clinopy
roxeno, and minor hornblende (5 vol%). bioli1e (usually <5 
vol%) and magnctilc. Tho gabbros arc cul locally by lcu • 
cocmtic plagiochtsc·rich dikes several centimetres in width. 

CONTACT RELATIONSHIPS 
The: age of emplacement or the Hkkman complex is 

constrajned by intrusive relations.hip$. smuigraphic correla
tions and isotopic dating. The complex i.s truncated on the 
norih by the main phase or the Hickman plu1on (Stikinc 
S·uite) dated at approximately 221±16 M.a or Ute Triassic 
(Holbeck. 1988). and inuudc.s volcanic rocks Iha! arc Upper 
Triassic equivalents or1hc Stuhini Group or older. Thus, ,he 
Hickman complex is considered 10 be Late Triassic in age. 

Internally, lhe complex comprises sevcrnl distinct li
thologics tha1 include dunitc, olivine clinopyroxcnite to cJi· 
nopyroxe,nitc and gabbroic rocks. The con1act between 
dunite and olivine clinopymxenite nppei.1r$ to be sharply 
1ransi1ional, and that between clinopyroxenite and the gab
broic rocks is sharp 10 gradalional over several metre$. The 
latter trunsition is marked by a gradual increase in the modal 
proportion or plagioclasc (<15 "olll\). 

DIKES 
Mafic 10 in1trmcdiaiedikes or variable mincrology and 

texture intrude the ultm.mnfic and granitoid rocks. They arc 
the youngesl intrusions in the map area and arc or Late Tri· 
assic ngc or younger. TM dominant orientation is east-we.~t 
with modcmlcdips lo the nonh. Dark grey mafic dikes (<I 
min width} arc weakly vesicular and cit.her a.phyric or con· 
lain sparse plagioclasc microphcnocrysts (< I mm). Medium 
10 pale grey porphyritic dikes (2 10 4 m in width) wilh large 
( <3 cm) phenocrysis or hornblende and augile (IO 10 20% 
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by volume) ond sparse plagloclose commonly exhibit 
chilled margins and multiple injection. The..c;e dikes mincr
alogically re.c;emble typical Smhini Group volcanic rocks 
although they postdate emplacement of the Hickman pluton 
:ind presumed Stuhini Group equivalents lha1 hos1 the ul
tramafic complex. 

STRUCTURE AND METAMORPIDSM 
Faults trending wcst~ulhwcst and north to nor1hwcs1 

arc the promimmt suuctural features in the map area. A mod
ern,ely dipping (60°), west•southwest,trending fault sepa• 
rates the northern margin of the Hickman complex from 1hc 
volcanic rocks. The fault zone is about 30 metres wide, 
strongly foliated, and weakJy mineralized. This fault may 
belong to a regional set of west~stri.king normal faults with 
north-sidc,down displacemcat (Brown and Gunning, 1989). 
North-trending foul ts have much narrower tectoniied 1.oncs 
and may be related to east-west briulc extension in the Ter
tiary. One such structure offsets lhc wcst-soulhwcsHrcnd
ing fauh wi1h an east-side-down sense of displacement 

MJNERALlZATION 
The Hickma_n complex lies within a metallogcnic belt 

1h1ucncompasscs the eastern margin oftheCo:ist Mountains 
and hosts precious metal and ba.~ metal deposiss. notably 
prophyry copper-molybdenum and copper-gold deposits. 
ttnd structuraJly controlled epigenetic gold vcin,s. The re• 
gional metallogeny has been reviewed by Brown and Gun· 
ning (1989). 

Mincroli1..ation within the map area appears 10 be domi• 
nantly controlled by foulcing. The west-southwest-trending 
fauh zone is silicified and locally carbona.tized., and weath
ers a deep orange•brown at its western end due to the pres· 
cncc of disseminated sulphides, mostly pyrite (<5 vol%). 
Northerly trending fault$ appear to bcunmincrali1..cd though 
fault zones are locally silicified. The age or the mincraJiza. 
tion may be Early to MiddJe Jurassic (Brown and Gunning, 
1989). 

GEOCHEMJSTRY 
Analy1.ical result( for noble metals in the Hick.man com• 

plcx. porphyritic dikes and the mafic phase of the Hickman 
pluton arc given in Table 2.1. The noble metals were pre
concentrated by fire assay from 3-gram splits of200 grams 
of rock powder (-200 mesh) and analyzed by inductively 
,-oupled plasmo emission spcctroscopyby Acme Analytical 
Laboro1ories. Vancouver. Accuracy was checked by in
houS<: standard FA-SX (s-upplied by Acme) which contains 
100, 100, 20and IOOppbplatinum. palladium. rhodium.and 
gold respectively. and during anolysis gave 98, IOI. 20 and 
100 ppb or each element respectively. Analy1ica.l precision 
(and any nugget effect) was monitored by hidden duplicates 
and internal standards. 

The abundance of POE in the mafic and ultramofie 
rocks is relntjvcly low. Pl:itinum :ibundurx:es are highest in 
olivine c.linopyroxe.nite whereas gold has a.n affinity for sul
phide,bcaring and carbonatiz.ed rocks. Proximity 10 f3ults 
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TA8Ltl2.I 
NOBLE METAL ABUNDANCES IN TH€ HICKMAN 

COMPLEX AND ASSOC IA TED ROCKS 

Sample No. Rock Type: Sulphides 
(vol. 'k) Pl Pd Au 

IIICKMAN ULTRAMAflC·M.AFJCCOMM..EX 

GN,88, 1008 01 dioop,·roxc.nilt' 18 2 J 
ON-88- 1009 01 dinopyn>xcn1k <S 9 2 IP 
GN-88, 1017 01 clioopyroxc.nilt 2 
ON-88-1006 Olnop)'tOllenitc l 
ON-88•3039 Gi1t,bro..djofi1e s 

(carbonati:rJ."dJ 

HICKMAN PLUiON , Miafte Phase 

GN·'8·2003 Hb g,bbro-d~riic 
ON,88-1004 Diorite 

DIKES 
GN,83-1016 Cpx-Hb po,rphyry 
GN·U·2004 Cpa.-Hb porph)"Y 

!Ntt't'.t(011 llmlts; Pt and Au, I ppb; I'd 2 ppb 
1 RI, iJ ai or l,.,low d,1reli<H1 linilt (1 ppb) m 1111 ~m11pif'1 

01. oJ,vint'; Cp:r, C'li11opyro:U11f': fib. Mmblf'.Nle: 
• 1ulpl,ido not dt.rrcud 

? 
2 

?3 

2 
17 

2 
2 

m3y account for-the anom3lously high gold content of sam• 
pie GN-88-1009. 

SUMMARY 
The Hickma.n ultramafic.mafic complex is situated in 

the northern part or the Stikinc Temme and is spa1ially OS· 
sociatcd with Upper Triass;c volc.anic and epic1astic assem• 
blagcs of the Stuhini Group. Isotopic dating and geological 
relationships indicate that the complex is Late Triassic in 
age, i.e .. older than 221 to 228:tl6 Ma (2o). This Alaskan
type complex is spatially associated with a large grnnitoid 
intnssion (Hickman batholith) but appeal"$ to be an e.ntirely 
separate entity with no direct genetic tics to the batholithic 
rocks. Emplacement within the volcanic pile preceded gra· 
nitic intrusion. 

The complex exhibits an ex1ensive suite of Alaskan·
typc lithologies. including dunitc, olivine-bearing clinopy· 
roxenitcs. and gabbros. Internal con1acts between the 
various lithologics are gradationnl: external contacts arc 
commonly affected by ductile and briuJe faultS. A distinc
tive mineralogical fc:uure is the presence of phlogopitic 
mica in olivineclinopyroxenitc.s. This miner.ii, for example, 
:tlso makes an early appearance in dunitic and pyroxenjtic 
cumulates or the Polaris and Tulamcen complexes (Chap
ters 8 and 9). 

Sulphide minerali1..ation in the vicinity of the complex 
is pfWOminantly associated with fault zones. Assay results 
for the precious metals suggest that these sulphides may 
carry interesting gold values (up 10 0.0&7 git). However. 
there is no evidence within the mineralitcd tones for remo
bilization of PGE which have conccntratfons in the mafic 
and ultramafic rocks th.at appear to be low in comparison to 
their abundances in other Ala$kan-1ype complexes. 
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CHAPTER3 GNAT LAKES COMPLEX 
The Gnat Lalces mafic-ultmmafic complex (SO" 11.S'N, 

129°Sl'W) is located some 30 kilomein:s south of Dea$c 
Lalce on Highway 37, the Stewart-Cassiar Highway (Figure 
3.1 ), It is situated at the sou1hwestem margin of I.he Cry Lake 
map sheet ( I 041). The complex is named for Lowerand Up
per Gnat Lakes, nnd lies approximalely 3 kilometres south 
of Upper Gnai Lake. A four-wheel-drive ocx:css road climbs 
west from I.he highway 10 trccliJ\C oear I.he wcstcm mn.rgin 
of the complex. On the whole, the comple.x is poorly ex
posed and has a nuudmum outcrop area of about 2 square 
kilometres. 

REGIONAL GEOLOGY AND 
GEOCHRONOMETRY 

TilC Gnat Lakes complex lies in northern Stikinia (Fig· 
ure 3.1 ). It has traditionally been included as part of the 
composite Hotailuh botholith (Honson and McNaughton. 
1936) which has been studied in derail by Anderson (1983). 
The batholith is composed or at least four distinc1 g.ranitoid 
plutons, two or which, the Three Sisters and Cake Hill plu• 
ions. occur within 1he study area (Figure 3.2). These plutons 
belong to the Middle Jurassic Three Sisters and Late Triassic 
Stlkine granitoid suites respectively (Woodsworth et al .. 
l 991 ).The main outcrops of mafo:.ultramafic rocks are 
complerely enc lo~ by meta volcanic and meta.sedimentary 
rocks of the S1uhini Group which lie within an embaymcnt 
al the oonhwcstcm margin or the batholilh. In addition, 

ON-Ouesnellio 

CC-Coche Cttek 

ST - Slikinio 
NA- Notth America 

AX-Alexender-T al<u-r-H,ling 

Figure 3.1. Loc:atHXl of thC' Gna1 Lu.kc5 mafic.uluam.ar,c compkx 
in ~btion to major l«tonoruatig.raphic 1tm.ncs in nonhrm Brilis-h 
Columbia. 
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small isolated exposures of ultramafic rocks form pcndanlS 
within the Three Sisters pluton about 2.5 lcllomcin:s to the 
south, and occur in the Cake Hill pluton 14 kllomein:s south· 
southeast and 18 kllomctn:S cast-northeast of the Gnat Lakes 
ultmmafiu: (Anderson. 1983). The complex has no unique 
signature on the regional acromagnctlc map due to the over• 
whelming aeromagnetic response associated with a north· 
west-trending apophysis of the Three Sisters pluton 
(Anderson. 1983). 

POU1SSium·:ugon dating of hornblende in bomblendjte 
and hornblende clinopyroxenitc of the Gnat Lakes complex 
has yic.lded isotopic ages of 230,;10 (2a) and 227:tl4 Ma 
respectively, or earliest Upper Triassic (Camian} (Ander
son, 1983: Stevens el al .. 1982). These dates arc identical 
(within error) to K-Ar isoiopic ages obtained on hornblende 
in the Cake Hill pluton (220:tl 1, 218:tl I and 227:t14 Ma: 
Stevens el al., 1982) which, according IO Andcm>n (1983). 
is inuudcd by the Gnat Wes body. However, the lancr re
JationsMp could not be confinncd. A quartz monzonite or 
the potassic marginol phase of the Three Sisters pluton has 
been dated by K-Ar and U-Pb geoehronomcuy at a locality 
approximately 3 kilometres west of the Gnat Lakes com .. 
plex. Zircon fractions lying essentially on concordia yield a 
preferred U-Pb isotopic age of 170:t l Ma (Anderson tr al., 
1982) which is concordont with• K-Ar date of 169:tl 1 Ma 
f0< hornblende in the same sample (S1cvens el al .. 1982). 
The age of the S1uhini Group is established as Late Triassic 
on the basis of ammonitc faunas ~overcd from epiclastic 
sequences at the northern margin of the Ho<ailuh batholith 
(Ander.ton, 1980). 

COUNTRY ROCKS 

STU HIN/ GROUP 
The Stuhini Group i.s composed of volcanic flows and 

breccias, subvolcanic intrusive rocks., llod 1uffaccou.s sand· 
stones, silcstones and shales lha1 3ppear variably mctamor· 
pho~d co upper greensc-hist·gmde mineral assemblages. 
The volcanic rocks are relatively well exposed above 
tree line immediately west of the mafic.ultramafic bcxly. lbe 
predominant rock type is a dark greenish grey potphyry 
characterized by cuhcdral phcnocrysts (<l cm) of 
augi1e%plagioclo.sc:11,nphibolc set in a finer grained malrix. 
1bese augite porphyries form nows and massive shallow 
intrusions and arc incorporated as angular fragmenL(; in vol
canic breccias and thinly bedded tuffs and epiclastic rocks. 
Similar lithologies appear in stratigraphfo sections meas· 
ured by Anderson (1980) about 3 kllomein:s farthc, west 
and along the northern margin of the Hota.iluh batholith. In 
thin section, clinopyroxcnc and hornblende phcoocrysts arc 
commonly rimmed and replaced along fractures by octino· 
litic ampbibolc, and plagioclasc iscxtcnsively saussuritizcd. 
Locally, secondary amphibole and bio1i1e form rounded ra-
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diating crystal oggregates. Rare glomcroporphyritic clois 
contain in1c.rgrowths or augite. hornblende. plagioclase. 
iron-titanium oxides and apatite. with or without sphcne. 

ln road and railway cuts nonh of the mafic-ulcramafic 
complex, augite porphyries are strongly schistosc and my
looitic. Under the microscope. relict augite phenocryst.s ex
hibit naser textures with pressure shadows and arc altered 
extensively to tremolite--actinolitc. The fine-grained matrix 
is recrystallized to actinolitc, biotite. chloritc md scricitc. 
which define the foliation, and carbon.ate. iron-titanium ox
ides and minor sulphides. 

Mctascdime.ntary rocks within the Stuhini Group in
clude grey-green to rusty brown or buff-weathering tuf
faccous sandstones, siltstones and black argillites, variably 
silicified and locally epidotized and pyritic. Near the south
western margin of lhc Gnat Lakes comp Jex these rocks have 
been rccrystalll1.ed 10 fine-grained ohloritc-biotite-actino
llte-feldspar schists. 

CAKE HIU PLUTON (STIK/NE PLUTONIC 
SUITE) 

Outc.rops of the uue Triassic Cake Hill pluton were 
examined south of Upper Gnat La.lc:c in the eastern pan of 
the map area. The rock isa pink to buff-weathering medium
grained equigrunu.lar hornblende sycnite to monzonitc and 
monzocUoritc with accessory magnetite and sphcne. The 
predominant lithology in the central part of the pluton is 
hypidiomorphic grnnodiorite (Anderson. 1983). A penetra
tive foliation is defined locally by alignment of partially 
cbloritized mafic minerals. 

THREE SISTERS PLUTON (THREE SISTERS 
PLUTONIC SUITE) 

The potassic margina.l phase or the Middle Jurassic 
Three Sisters pluton crops out along the highway and in 
railway cuts to the south of the Gna1 Lakes complex. Jt i.s 
composed or pale pjnk to white.weathering medium· 
grained hornblende monzonilc to hornblende biotitc sycnit.e 
or quartz sycnite cut by aplitc and diabase dikes. The rocks 
arc generally massive and wc11 jointed. In thjn section. p1a
giocla~ is seen to be panially altered to scrichc and cpidotc. 
and hornblende (2S vol%) is chloritiz.cd. Accesso,y phases 
include biotite (<I%). iron-titanium oxides (<3%) and 
sphenc. 

GNAT LAKES COMPLEX: 
MAFIC-ULTRAMAFIC ROCKS 

The Gnat Lakes complex comprises medium-grained 
grey-green hornblende clinopyroxcnite. black homblcndite, 
dark to medium grey fcldspathic homblendite, hornblende 
gabbro and rare pyroxene gobbro. The predominant litholo
gies appear 10 be fe ldspalhic hornblenditc and hornblende 
gabbro or diorite. These rocks arc locally pegmatitic with 
prismatic amphibo1c crystals reaching 3 ccn1imetrcs in 
length. 

Ultramafic rocks arc well exposed in a railway cut a.t 
the eastern edge of the complex (Figure 3.2). Here, a con
tinuous gradation is observed from variably carbonatized 
hornblende clinopyroxcnitc in lbc nonh to saussuritiicd 
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hornblende gabbro in the south. However, the crude zona
tion from pyroxenitic core to homblendite-homblende gab
bro margin. as inferred by Anderson (1983). could not be 
confirmed. Rudimenuuy igneous layering involving horn· 
blende clinopyroxenite and feldspathic homblendite grad
ing into hornblende gabbro was observed in glacially 
polished outcrops along the access road. The rocks exhibit 
no tectonic foliation, yet in ptoces lhe layering is contoned 
and appears to have been remobilized prior to complete so
lidification. Layered borirons are commonly intcnectcd by 
irregular. localJy derived lcococnltic veins that appear to 
have been generated by coalescence or residual gabbroic 
liquids. Veins of similar style and origin are also observed 
in the Tulameen complex (Olapter 9). 

PETROGRAPHY AND MINERAL CHEMISTRY 
As seen in thin section. hornblende clinopyroxenite 

contains cumulus clinopyroxenc with intcrcumulus horn~ 
blende (20 vol%), iron-titanium oxides (S to I 0%) and minor 
sphene (I%). Cumulus clinopyroxene is also pn:sent in py
roxene gabbro but is replaced by cumulus: amphibolc in 
hombleodite. fcldspothic homblendite aod hornblende gub
bro. Plagioclase is a cumulll5 and intcrcumulus phase in the 
gabbroic rocks which also conuain interstitial iron .. tita.nium 
oxides (2 - 5 vol%). apatite (<I%) and sphene (< I%). S.,c
ond,ny minerals include epidotc, carbonate. chloritc. 
sericlte and sulphides. largely pyrite. 

Anderson (1983) provided electron mkroprobedata for 
c linopyroxene and amphibole phenocrysts in Gnat Lakes 
ultramafic rocks, augite·plagioclase porphyry dikes, and 
augite±homblende,:plagioclase porphyries of the Stuhini 
Group. Overall, phcnocryst compositions arc similar. Cli· 
nopyroxenes (diopsldic augite to magnesium-rich salite) ex• 
hibit liulezoning and have low 1102 (< I wt%) and moderate 
Al,03 (generally 2.S to S wt%) and consequently relatively 
low octahedral alumina, indicative of crys1allization within 
the Cru$C. However. clinopyroxene compositions alone pro. 
vidc tentative evidence for the.tr magmatic affinity (subal~ 
kaline versus alkaline) and tcc1onic cnvironmcnl (see 
Anderson. 1983). 

Primary amphibole eomposition.s arc predominantly 
ferroan pargasite (Leake, 1978) with low Ti02 and uni
fonnly high KiO (I lo 1.6 wt%). Amphibole., in Gnat Lakes 
hombtcnditc are zoned outwards loward.s actinolitic horn· 
blende. Their lcvelsof powh enrichment and pol3SSium:so
dium r~nios are similar to those dctec1cd in amphibolcs from 
hornblende clinopyroxenitcs and gabbroic rocks or the 
Tulamccn complex (G.T. Nixon, unpublished data). Evi. 
dently. I.he liquids with which these crystals last equilibrated 
were relatively potassic. In general, these data support An· 
derson's contention that Gnac Lakes mafic and ultrnmafic 
rocks are likely comagmatic with Stuhini Group volcanism. 

CONT ACT RELATIONSHIPS 
Despite poor outcrop. intrusive n:lations.hips in I.he map 

area are. well known. A $harp intrusive contact between me• 
tascdimentary schists of the Stuhini Group and Gnat Lakes 
body isCJtposed at the southwestern marginoftheoomple,. 
Hornblende gabbro and homblenditc decrease in grain size 
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as the con1ac1 is approached. indicating the p,escncc of a 
marginal chill zone. These observations, together with the 
Cnmian isotopic age (227:tl4 Ma), suggest that the Gnat 
Lakes complex is a hi,gh ... ).evel intrusion coeval with Stuhlni 
Group volcanism. The augite plagioclasc porphyry dikes. 
presumably the hypabyssal equivalents of Stuhini lavas, 
must be of various ages as they cur oll of the Late Triassic 
lithologics including the Gnat LAlccs complex. 

Relationships between mafr<:-ultramafic and granitic 
rocks are well exposed in railway cuts at the eastern 
cxtn:mity of the complex. Irregular dikes of pink aplite and 
r,,,., 10 medium-grained syenite have invaded hornblende 
clinopyroxcnitc and hornblende gabbro IO prodoce localized 
agmatites. Irregular bodies or medium-grained 
horoblcnde-bi0ti1c syenitc to monzonhc also inlllldc lhc 
western pan of the G.na1 Lakes complex. Andenon (1983) 
considered lhcsc intrusions to be apophyses of the powsic 
morginal phase of the Three Sistcrs pluron. and therefore 
Middle Jurassic in age. Other minor intrusions into the Gnat 
Loxes body include dikes of pale buff dacltc conlllining 
phenocrysts or hornblende. plagioclase and quanz. and 
diabase dikes with abundant plagioclasc microphenocrysrs 
and iron-titaruum oxides (4 vol%). 

STRUCTURE AND METAMORPHISM 
The structure of the map area is poorly unde<Stood due 

10 the lack of marker horizons. Major northerly 10 nonh
casterly tn:nding lineorll<>nts observed on aerial photographs 
arc interpreted as faullS. Outcrops located near such line• 
aments may display a subparallel foliation or localiud my
lonitic fabric. The western margin of the Cnke HiU pluton 
appc81S 10 be rauh bounded. 

A steeply dipping regional foliation. defill<>d by amphi· 
boles and mica.<, has been detected in all lilbologies but is 
poorly devek>pcd or absent in the more massive augite por· 
phyries and intrusive rocks. ln the nonhcastcm pan of the 
map o.rca. lhis rolialion trends northwesterly, consistent with 
fabrics funhcr cast that characterize the northwestern pan 
or the Hotailuh balholith (Andeoon. 1979). Farther wesr. 
foli•tions swing nonh 10 northeasterly. possibly influc<>Ced 
by fauJting. In general. the mineral foliation reflects regional 
inbomogell<>OUs deformation accompanied by variably de
veloped metamorphic assemblages auaining upper green
schist grade. The timing of this deformation is uncel1'1in: it 
may be synchronous wilh Late Triassic plu1onism or asso
c i:ncd with southwesterly verging folds 11.nd associated 
1hrus1 faults or Middle Jurassic (post-Toarcian) 10 Crclll· 
ceous age (Monger <1 al .• 1978: R.G. Anden;on. personal 
communication. 1988}. 

MINERALIZATION 
Minor amou.nts of disseminated sulphides are distrib

uted throughout the map area but mincrallzation is p,efcr
entially developed""°' faulL~. 

Sulphides in the mafic and ultramafic rocks generally 
form no more than S vol% of the rock and comprise finely 
disseminated pyrite and rare chalcopyrite, Most of the min-

12 

eralizcd outcr0ps occur near the western margin of the com
plex. No net-textured sulphides were observed. 

Omnitoid rocks commonly contain disseminated sul
phides (<3 vol%) and thin (0.5 mm) discontinuous string= 
of sulphide and chlorire along joint planes. Disseminated 
pyrite is aJ,o found in diabase dikes cutting the granitic 
rocks. 

Control of miocraliuu.ion by faultS is seen at several 
localities. A fault contact between black argillite and schis• 
tosc augite porphyry is well exposed in a railway cut in lhe 
nonhem pan of the map area. Herc. the abundance of dis
seminated sulphide in the argillite. intensity of catbonate 
veining and degree of silicificatioo increase towards the 
fault 

The most important m_ineraJization occurs along a ma
jor north-northeasterly tn:nding fault in the Stuhini Group 
near the western limit of the ma6c-ultrama6c complex (Fig• 
urc 3.2). In the mid- I 960s. a program of geologic mapping, 
prospecting and tn:nehing, and an induced polarization sur
vey. were carried out on a number of mineral showings dis· 
Uibuted along the fault (Rocd. 1966a. b: Malinsky. 1966: 
Reynolds. 1967). Mineralized zones comprise massive PY· 
rite. chalcopyrite. and minor pyrmotire and orsenopyrire in 
a gangue or sidcritc, limonite. hematite and smoky quartz. 

TilC age or the mincru.liution is not weU cons.trained.. 
On lhe whole. the association or mineralization with brittle 
phenomena such as faults and joints suggests that the min
eralizing evenl(s) oecuncd late in the history of regional 
deformation (p,esumably post-Toarcian). 

GEOCHEMISTRY 
Whole-rock analyses of Gnat Lakes mafoc-ultramafic 

rocks lllken [rom Andcnon ( 1983), and assay results for 
platinum. palladium. rhodium. and gold, arc given in Tobles 
3. I and 3.2 respectively. The oceunence of cumulate tex
tures in the. ultramafic rocks. and thus acc:umulativc origin. 
precludes the use of whole-rock compositions as a means of 
classification (e.g .• Irvine and Baragar. 1971). The horn
blende clinopyroxcnites and homblenditcs have high total 
iron and t.itania. reflecting in part the abundance or intc:rcu
mulus iron-titanium oxides, and high alkalie., and iron:m.ag· 
ncsium ratios. TI,esc compositions compare ralhcr ck>sely 
with those of similar rock£ in the Tulamccn complex (fable 
3.1). Their relatively high K/Na ratio is a trait shared by the 
majority or Stuhini Group volcanic rocks and po,phyry 
dikes (Ande<Son, 1983). However. the lauer rocks arc aJ. 
tercd (2 10 4 wt% Hz() and up 10 S wt% CO2) and have 
clearly suffered some degree of alkali mobility (Na20/K?O 
>12 in cxtn:me cases). which rendcn; rigorous geochemical 
comparisons unccnain. 

The l<!nor of noble meta.ls in mafic-ultramafic lirbolo
gics of the Goal Lai<es complex. S1uhini Group volcanic and 
me1asedimen1ary rocks. and sulphide-bearing quanz veins 
is given in Table 3.2. Analytical methods and accuracy arc 
described in Chapcr 2. Abundances overall are relatively 
low. Typical economic PGEdeposits have an average plati
num grade of S 10 IO grams per IOnnc (Macdonald. 1986). 
An anomalously high gold value occurs in a sulphide sample 
collected from a showing located on the raull ,,.,a, the west-
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TAUWJ.I 
MAJOR AND TRACE ELEMENT COMJ'OSJTJON OF 

GNAT LAKES ULTRAM,\J'JC ROCKS 

On!ll I aks "ftdjm""" 
l J .. s Rock 

Type 
I 

Jib llb llt.Crx llb Crx llb C11x {M:,ni;..:) 

WcisJat 'Ai 
SK>, 45.00 41.60 39-80 39.60 40,74 (l.11-1) 
TiO? 1.24 ISS 1.97 2.<l6 1.4K ( 1.2)) 

Ab<>J S.IO 6.10 11. 10 6.SO S.()6 ().29) 
Fc,i()) 6,40 9.60 6.00 13.30 IIS9 (6.92) 
FcO 3.60 9.90 10.00 9.90 8.114 (2.67) 
MnO 0.26 0.20 0.2) 0.20 0.22 (0,0.IJ 
MgO 11.70 11.07 8.70 JO.S4 12.58 (2.13) 
c.o 17.IO U .48 IB7 IS.7-1 16.116 ( 1.92) 
N~:0 0.6* O.SI J.{,(J 0.7-1 0.6 1 (0 .8·1) 
K,O 0.48 o.ss o.n 0.42 0,l;l (1.11) 

"'°' 0.)) O.lS ISl 0.IU o.os (ltlO) 
11,0, I.SO 1.30 2.20 U.70 1.()3 (0.48) 
co, bd 0.70 oso 0.10 0.16 (lt38J 
s bd 0.21 0.811 1,1 0 ,0;\ (0,0.l) 

a 0.05 0.11 0.10 U.(.)(1 "" p ODJ ....IUlL _IL.LL -l)Jl!.._ 
__ o:i 

To4~1 100.18 100. 16 9S.7G 100.00 i)l),TI 

NW• 
Rb 0 70 100 30 
Sr 270 240 400 MO 
Ba 200 6SO 200 ISO 
u 0.4 "' "" "'' Zr 21 58 SJ J? 
y "" •• 41 SU 
Cr 110 120 27 IC,O 

Co 64 S7 S3 71, 
Ni 63 91 33 ISO 
V 450 S60 530 150 
Cv 13 210 250 17 
Zn so IO 130 1-10 

1/b • 1/omblcndirt: 1/b Cp.t = l/1m1blrr"I~ r li11(lfty,ru·t,1lrt': 11:0r • 
14',la/ 'fll'OIU,' M • Mf m1ofyz,d; btJ • IHl0111• 1l(IO"li0t1 l,''"1'1, 

ColMmns I -4 art nnolyto /rattt /uulu~'Qr1 l/9SJ, T11l,lt! 2 .. 1.21. 
ColMtM J I, the orl.rhnfrtlc mt.mi (nmJ mn.gt')fiir .J l1un1hlrmfr' 
rlmt>pyl"(IXrlfitr, /f'Offl ,,., T1tlamrv11 "°"''""·' I f 'l,irJla_v, ISlti9. Tn/Jfr ./J, 

em edge or lhe complex. However. there-is no evidence to 
suggest remobilization of PGE within the fault zone. It is 
interesting to note that Stuhini Group augite porphyries are 
as enriched in palladium as rocks of the Gnat Lakes com• 
plex. In general. there is no correlation between the amounl 
of pyritic sulphides in a rock and the abundance of noble 
metals. 

In the Gnat Lakes intn.1sivesuitc, the abundance of POE 
is slightly lower. on average. in gabbros lb.an in ultrllJDafiC 
rocks. which in tum arc distinctly impo\'erished in POErcla• 
tive to tbcircountcrpans in the Tulameen complex (Chapter 
9). From an economic pOtential viewpoint. the best pros· 
pccLS in the vicinity of the Gnat La.k.es complex would up
peor to be struc1urally controlled gold-bearing sulphide 
deposiis. 
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TABLEJ.2 
NOBLE METAL ABUNDANCES IN THE GNAT LAKES 

COMPLEX AND ASSOCIA Tl!D ROCKS 

t GN- Hb dillopyrmmik 
I GN.fl.<I006 Hb diaopy,oualll! 

' GN-1 llolU ,. 
J CA.Q.Ql06 lbMlk:lldik 

' OH.Q.1"'9 lblll I' 

' a,.....,.,.. Fcldfpallic ho. ublu.dik 
6 CA- ....................... 
' ON..SS...OIIC 

.. __ 
I ON,11.«m Hba:ttadl ii£> 

• ON·ll• lm2 .. , ti 11c ilc 
9 ON.U,JQJO Hbi tt .l.adilt: 
10 ON- Hb&MNo .l.o ii,;. 

S'MilNIOROUP • ~ R«b 

II OH.U-OOOJ 

Cp -"" """' " CJH.<8.0000 ep ...... ,....,.,. """' 

" 0.lf-li-102.M. Cpl porpt.yry (liJidfJl'd) 

" Os..&8-202.Sfl Cp--

" ON--18...e(l(M Cp--
16 ON,ll..aoo7 Cp ..... ...,.,"" 
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" ON•II-OCXM -" CA·ll-0003 ........ (,ilidf,cd) 
14 GN-8S.l02'A ()laan,. vela la arslJlilt 

" OH-88-20UA1 

19 OH.aa..1026 Pyri1&<.bllcopyriic, 

!Ni«._ ti«,i11: Pl o,,d A-. I wb: '" l pp6 
·~, r.,.u J,1 
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The Gnat Lakes mafic.ultrama.fic complex is situa1ed 
within nonhem Stikinia and is spatially associated with Up .. 
per Triassic volcanic and cpiclas:tic assemblage.~ of the 
S1uhini Group. Isotopic dating and geological n:lationships 
indkate tha1 the complex is Late Triassic in •gc. Like the 
Hickman complex. 1hc Gnat Lakes complex is exposed 
within an enclave of country rocks sunoundcd by a large 
granitoid plu1on. lhe Hotailuh oolholilh. Only lhe more dif
ferentiated phases of Jhc Alaskan-type association arc pre· 
sent: hornblende clinopyroxenite, homblcndHe and gabbro. 
forrunalely, this body has been well sludicd, and whole· 
rock and mineral chemistry support an Alaskan-type affin· 
ily. lnlemal contaclS among the various lithologies are 
gradational; intrusive contacts with hostrock.s have been ob
served. 

WcakJy developed sulphide mincnlization in the vicln· 
ity of the compJex is predominantly associated with rault 
zones. Assay results for the POE arc not encoun\ging. a.1-
Jhough gold abundances in grub somplcs ana.in 0.8 gram per 
1onnc. Thcagc oflhcmincralization is Eady Jurassic(Toar· 
cian) or younger. 
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CHAPTER4 LUNAR CREEK COMPLEX 
The Lunar Creek mafic-uhramafic complex (57°55'N. 

127'28-W) lies within lhc Stildne Ranges of lhc Omincca 
Mountains, approximately I kilometre nonhwest of the 
headwaters of Lunar Creek (Figun:4.1). The area iscovcn:d 
at a scale of 1:250 000 by lhc Finlay Rive, map sheet (94E) 
and I :50 000 copographic maps (941:/13 and 14). Aeromag
netic maps arc not currently available. Lunar Cruk drains 
southward into the Chuckachida River. a tributary of lhe 

12 4' 

* Lunar Co mple x 

( 

( \ 

0 

Stikjne River. AcceS;.~ to the complex was gained by he.Ii· 
copter from S1urdcc airstrip in the Toodoggone River area. 
which is serviced by scheduled nighcs from Sm.ichers. or by 
vehicle aJong a well-maintained din road linking Fon St. 
James to the Chcni mine .. The complex lies entirely above 
uceline and is besc exposed along ridge crescs and high on 
valley w:ills. Glacial till and talus aprons cover lower valley 
walls and floors. 

,, .. 

200 

lcllomelre s .,. 
Figure 4.1. Location of the Lunar Creek mafic-.uluamafic compkx. 
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REGIONAL GEOLOGY AND 
K-Ar GEOCBRONOMETRY 

The Lunar Creek complex is one of the largest of a se,.. 

rie.,,;of A1ask:an.type intrusions in nonhem British Columbia 
that fonn an an:uatc trend around the northcm and cas1cm 
margin of tho Bowser Basin (Figure I.I). The complex lies 
wilhin Quesnellia a1 lhe boundary wilh lhe Slikine Tcrrane. 
This boundary is defined in lhe map area by lhe Kutcho fault 
which limits the western margin of the intrusion (Figure 
4.2). 
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Figure 4.2. Regional geological sc1ting of the Lunar Creel: 
mafic-uhramafic complex. 
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The Lunar Creek complex wu firs1 recogniud in 1973 
during regional mapping by lhe Geological Survey of Can
ada (Gabrielscand Dodds. 1974). La1er,morcde1ailed map
ping wos comple ted by Irvine as part of a study of 
Alask:an.1ypc complexes in the Finlay River area (J.rvine, 
1974b. 1976). Along iis eas1em margin. !he complex lies in 
sheared contact with foliated augite~phyric volcanic: rocks 
which. based on lilhological similarities, arc a%igned to the 
Middle Triassic to Lower Jurassic TakJa Group. Granitoids 
of lhe Early Jurassic Pilman balholilh, part of lhe Guichon 
Suiie of inlruSions (Woodswonh <1 at., 1991), intrude lhese 
volcanic rocb a~ well a~ ultramafic rocb of the complex. 
K•Ar determinations on hornblende from this ba1holith 
yield isolopic ages of 182%13 (2a) Ma (Gabrielse ti al., 
1980) and 190:t:8 Ma (Wanless er al., 1919: Gabrielse" al., 
1980). 

The Kutcho faul1 separa1cs dioritie 10 gabbroic rocks or 
lhe Lunar Creek complex from Paleowic and younger rocks 
within Stikinia. Tilese Paleoz.oic rocks arc believed 10 range 
in age from Devonian to Pennian and are probably com:la-
1ive wi1h lhe Asi1ka Group (Thorslad, 1980; H. Gabrielse, 
personal communication, 1990). Arc-derived volcanic and 
elastic rocks of the Upper Triassic Stuhini Group are also 
represented wcs1 and sou1.h of the fauh. The latter rocks h:we 
been intruded by grani1oids of the Late Trfassic Stile.inc 
balholilh (Stikine Sui1e) as well as graniloids of lhe Early 
Jurassic Guichon and Black Lake sui1cs. The S1ikine balho
lilh has yielded a K-Ar da1c on hornblende of 222%!0 (2a) 
Ma (Dodds inWanlc.seta/., 1979; Anderson, 1984). Bioti1e 
nbiained from lhe Mounl Albert Dease plulon, part of lhe 
Three Sisters suite or in&.rusions found south of the mafic
ul1n1mafic complex, ha.< provided• K-Ar age of J67:t6 (2) 
Ma (Dodds in Wanless et al .. 1979; Woodswonh et al .. 
1991 ), The Three Sis1ers Plu1onic Sui1e is spatially and tem
porally associaled wilh volcanic and sedimeniary rocks of 
the Lower to Middle Jurasstc Hazelton Group. 

COUNTRY ROCKS 
S1rn1ified rocks wilhin lhestudy area include both mclll

volcanic and metasedimeniary rocks of tho Takla Group, 
wluch crop oul nonh and casl of lhe complex, and• package 
orPaleoioic me-tavoJcanic and rneta.~imentary roe.ks west 
of 1he Ku1cho fault 1ha1 appear 10 belong 10 lhe Asilka 
Group. 

TAKLAGROUP 
Rocks 1en1a1ively assigned 10 lhe Middle Triassic 10 

Lower Jurassic Tak:13 Croup crop out nonh and eas1 or the 
complex (Map I and Figure 4.3). To lhe north, ougi1c pla
gioclasc porphyry and volcanic wackes and siltstones have 
been metamorphosed to greenschisl or Jowennostumpbibo
li1e grade. To lhe easl, lhe countty rock is Slr0n81Y sheared 
and metamorphosed, and varies from a medium.grained bi· 
othe schist to well-foliated amphiboJite. 

The con1ac1 be1wecn rocks of lhe Tal<la Group and lhc 
Lunar Creek complex is a ductile fault zone with rnylonitic 
fabrics. Myloniliud meiavolcanic rocks oflhe Takla Group 
arc medium-dart grey 10 green-grey augite, augite.plagio• 
clasc and plagioclru;e.porphyritic actinolite schists. In thin 

Gtologicol Surw~y Branch 
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Figure 4.J. Ccncrali1,cd gcokJgy or the Lunar Creek mafic,ul1nunaf1C complex. 
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section. augileaugcn. up to 0.7 centimetre in diameter. have 
been partiillly to cotnplcrely altered ,o pale green 3c1inoli1c. 
,\ctinoli1c is the most common cons1j1uen1 or rhc matrix. 
forming acicular laths parallel to the foliation. 1ne rcmafo. 
dcr of the matrix consisa.s or albitc, cpidote and cl.ly miner. 
::tis. Away from the mylonitic 1.one. the most common Ta)'.Ja 
Group lithology is dark grey augite porphyry that is mctn
morphoscd 10 lower most amphibolite grade. In the nonh,. 
cmmos-1 pan of the map orca, medium tod;lrk grey siltstoncs 
and fine-grained volcanic wockcs 1u ho,tc aJso been meta
morphosed to lower amphibolitc grade. 'These rot Its arc well 
bedded, djp moderately toward the nonheasc a.nd have o 
weak bcdding-parnllc.l foliation. Common constitucnl min• 
crals are plo.gioclase. pota.~sium feldsp:ir, green pleochroic 
hornblende and abundant idioblastic biotirc that is oriented 
wilhin the rolialion. 

ASTTKA GROUP 
Palco1.0ic rocks west of the Kutcho fouh h.a"c been ten· 

1:11ivcly assigned 10 the Asilku Group. Conodont analysis 
htl$ she)wn 1h31 some of them ore Mi~is.iippian in age (lbor· 
stad, I 980). and may range from Devonian through 10 Per
m ion (H. Gnbrielsc, personal communicntion, 1990). 
Regionally. Jirhologies inc lude c hloritc schis1. scricitc 
schist, phyllitc, rhyolite nows and turfs. chert. s.and,;tonc and 
carb<,notc (Thorstod, 1980). In the study on,o, these Palco-
1,.oic rocks crop out odjaccnt to the Kure.ho fault. The lhholo
gics include medium grcy .. grccn to dark grey quartz .. 
p01assium feldspar - ac1inoli1c schist. medium green-grey 
siliccou$ siltstone and medium grey, griny mic::rirk lime
scone witJ, thin interbcdded cherts. The rockl have been 
metamorphosed to upper green.schist facics assemblages. 

LUNAR CREEK COMPLEX: 
MAFJC-ULTRAMAFIC ROCKS 

The Lunar Creek cornplc.x is 3n c::long.uc body which 
measures more than 11 kilometres in length and up to 4 
kilometres in width. The nonhwcs1c.rly trending, major axis 
of the int.rusion parallels the s1ruc1urnl grain or the region. 

Several :mribure.~ distinguish Lunar Creek from ocher 
Al:iskan-1ypc complexes in British Columbia: 

• Two gabbroic-diorhic phases urc present: the older one is 
duct.ilydcfonned and cut by 3 young.er, undefom1ed ph3SC 
tha1 cons-dtutes most of the complex. 

• Cumul::a1c layering in the ullr.1mafic rocks is locally well 
developed, a rare feature in the Alaskan-type intrusions 
o f British Columbia, 

• Quanz-rich pcg,matitic scgrcg,adon.s arc common in the 
gabbroic 10 dioritic rocks. This is also uncommon in Alas• 
kan•typc intrusions. 

All the ultramafic lithologies which chaructcrizc Alus
kan•typc intrusions n.rc represented at Lunar Creek. These 
include dunitc, chr()rni1ifcrous dunite, wehrli1e, olivine 
wc.hr'li1e. olivine clinopyroxcnite. c linopyroxenite and gab· 
broic-dioritic rocks. Of interest is the relatively low nbun· 
dance or nuusivc wchrlitic li 1ho logies which nrc so 
obund3Jlt. for c,omplc. at 1he Polaris complc• {Chapter 8). 
However. c:hnotically mixed wchdite nnd clinopymxcnite 

domains a.re quite common. 1n.ese chaocic domains gener
ally occur in grndarioMI c:on1ae1 with ~Kljoec.ot ultrnmafic 
li1hologies :.,n<f arc mos1 common at the transhion between 
massive dunite and olivine clinopyroxenite. A pctrologic 
study of the Lunar Creek complex has been completed by 
Nut1J1II ( 1991). 

DUN/TE 
Massive dunitc is exposed at th.rec scparntc outcrops 

th:u ruwe 3 combined total 4f'C3 or approdmately 1 . .5 squi,re 
kilometn:s (Map I and Figure 4,3). Otmitc also occurs as 
irregular inclusions within chaotic mixed zones, inrerloy
crcd with wchrlitc, und 0-s dikes within massive dunirc. 
wchrlitc and o livine cli nopyroxcni1c (e.g .. Localities S 
and J 4, Figure 4.4). 

Ounite commonly weathers p31c orange-brown and is 
medium grained. Ou1crops arc charnctcristically smoo1.h 
and rounded. Contact~ with clinopymxcne•rich lithologieti 
(wchrlite and clinopyroxcnite) arc gra<btional and marked 
by u gradunl increase in lhc n.bundancc or cli.nopyroxcnc. 
Scrpentiniz.arion is pc.rvnsivc near faults and near contac.ts 
with gn.bbroic units and country rock. Away rrom rhe.;;:.c ul'Cas 
the rock is comparat.i"cly fresh and composed or \•irtually 
fresh. dark green oli"inc. 

Ahhough I.he co01nc1 bclwccn dunilc and country rock 
was not seen, rclationshiJ>S a1 one locality suggest tha1 i1 is 
inu-usivc (Locnlity 60. Figure 4.4). He.re., dunite :1djnccn1 to 
thecontt1<:t is w~k:ly scrpcntini1.cd but shows Jiuleevidcnce 
of shearing. implying that the cont:1c1 is not ductily faulted. 
funhcrmorc, amphibolite-grnde metamorphism of 3djacent 
counlry roc:k may possibly represent pan or a contncl aurc· 
o1c. 

The dunitc bodies arc commonly cu1 by swarms or an.as• 
tomosing wehrlilc, olivine d inopyroxc.nilc., clinopyroxcnitc 
and rare dunitc dikes (Phot,) 4. 1). The dikes rjngc. in wid1h 
rrom I to 20 centimetres and are most common near grada
tional conwcts with clinopyroxene•rich litho logies. 

Photo 4.1. Olivine clinopyroxcnite to clinopyroxcnite dikes in 
dunitc. 
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CHROMITITE 
Dissc.minnted chromite is: ubiquitou.~ in dunitc. typi· 

cally fonning I to2%oflbcrock. Chromititcschlicn:noccur 
locally, generally in clusters of 1wo or more (Pho10 4.2). 
Individual schlic.rcn r.mgc in thickness from I to 4 centime. 
ires and in lenglh from 20 10 30 ccntimcircs. Locally, Ille 

Phoc.o 4.2. Deformed chroiniti1c sc.hlicrcn in duni1c at LocaJily 
44, Figure 4,4, 

Phoco 4.3. Layering or coarse·graint:d clinopyroxcnit.e · olivine 
we.hrlile off stl by sn111ll syodcposhion.,J fault. mixed !aye.red unit, 
w uth of Locality$, Figu~ 4.4. 

10 

schlicren are suongly magnetic. suggesting that some or the 
ch.romi1e has been altered to magnetite. 

Chromititc schlicren arc known to host PGE mincraJj. 
u11ion in the Tulamccn (Chaptc, I 0) and Wrede Cn:ck com
plexes (Chaple, 6). However. lhc relatively sparse amounl 
or chromi1i1e in the Lunar Creek comp Jex does not bode well 
for the economic potential of PGE. at least with respect to 
the PO~hromitite s1ylc of mineralization (Nixon and 
Hammack, 1991). 

OUVINE CUNOPYROXENITE AND 
CUNOPYROXENITE 

Olivine clioopyroxcnitc is the most extensive of I.he u1• 
urunafic lilhologics exposed at Lunar Creek (5 km2). II is 
charncicriz.ed by dartc gn,cn to nmy brown, knobby-wcalh
ering oulcrops. Fresh surfaces nrc dartc gn,en,grcy and lhc 
rock is weakly magnclic. Clinopyroxcnc crystals v•ry from 
2 millimetres to 3 ccntimetrc.s in diame1cr, with an average 
grain si7..c of approximately 0.5 cen·timctre. Olivine grain 
si1..c is: fairly constant a1 I 10 2 millimetres. Locally, both 
minerals show cumulntc tcx1urcs. In some C-tlSCS. clinopy• 
roxcne is intercumulus and poi.kilitically encloses olivine. 
Phlogopitc exists locally ns an accessory phase. 

Contacts between olivine clinopyroxenile and other uJ. 
1rum:1fic lilhologies nre grodntjonal, marked by varin1ions in 
olivine conten.t. A gradnlional rel3tionship is also :ipparent 
be1wcen clinopyroxenite and feldspathk clinopyroxcnitc 
and is marked by I.he appearance or plagioclase as an inter· 
cumulus phase. R:ire modal layering showing ntiocralogical 
and/or size grading of crystals ha~ been observed locally in 
all of these lilhologics (Photo 4.3). 

Pods of dunitc and wehrJite, up 10 8 rnerres in dio.mclcr, 
arc fairly common within the olivine clinopyroxcnitc unit. 
and ore most common near gmdtnionnl contacts wi1h the 
cilaotic mixed unilS described below. These pods may rep• 
resent rmgmcntS of crys1allinc material that broke away 
from the walls or roof of the mogmachamber.orthcy might 
be disrupted ullrnmafic dikes. Locally, pods have been Oat
tened and strc&chcd in10 schlicren which reach I metre in 
wid1h and several mctrcS in length. Locally these schlicn:n 
have a well-developed foliation pnmllcl to their milfgins. 

Hornblende dinopyroxcni1e is a com1>3-rn1j vcly rare 
rock lypc within this complex. Micruscopiccxamimnion hos 
•hown Iha• muc.h of lhc hornblende obsc,vcd in hand sam
ples of clioopyroxcnite is secondary. after clinopyroxcnc. 
Primnry hornblende in clinopyroxcnitc was seen only 01 the 
narrow. gradation.al conw.ctt between clinopyroxcnite and 
hornblende clinopyroxene gabbro. 

MIXED ULTRAMAFIC UTHOWGIES 
Mixed units comprise 3 variety of distincl ultmmafic 

lithologies. Three varieties or mb:cd rocks are observed: 
layered uniis which arc sequences of intcrlayercd clinopy
roxenitc. oli\•ine cUnopyroxcnitc. wehrlitc and dunitc: cha· 
otic units which consist ofblocbof one uhrnmaftc lithology 
mixed into another. and replacement zones which a.re sites 
whc,c dunite has portially replaced clinopyroxe.nitc. 



LAYERED MIXED UNITS 

Layering is locally well developed in pcridolitcs or the 
Luruir Creek complex. Near Locality S (Figure 4.4), duni1e, 
wehrlite. olivine clinopyro.xcnite and clinopyroxcnhe ex
hibit laycrin_g produced by modal a.nd/or grain s i1..c vari· 
at.ions. Most layering in this are.a is discontinuous ;md laycni 
vary from less than I metre ro several metres in thickness. 
Ccntimetrc•scale layering nod rhythmic layering nrc seen 
locally (Photo 4.4). lnu:rlnyercd wehrli1e. elinopyroxeni1e 
and rurc dunite arc seen rarthcr south ot Locality 14 (Figurc 
4.4). Here. dunite layers up to 2 metres thick. with rare chro
mite ac<:umulntions. grnde into wchrlhc. The dunitc layers 
hove sharp. nongrodolional contacts with adjacent olivine 
clinopyroxcnitc. 

Feature! ~mbling soft-sediment defom1ation arc 
well exposed 31 Locality S (Figure 4.4). Locally, large 
blocks. pn:sumably derived rrom the walls and roor or the 
magma chamber. fell onto layered material resulting in com· 
pressed unddistoned layering. FunhcrcrystaJJization within 
the chamber led 10 deposition or mere layers. which drupe 
over both the block and the distorted material. Angular un• 
conformities caused by the tru~tion or layers were ob
served in scvcrul outcrops. These fc3 turcs bear mnny 
similarities to sedimentary structures described at Duke ls
land (Irvine. 1974a) and undoubtedly rcOcct similar proc· 
esses, namely the depositjon or cumulate crystals by 
convection currents. 

Overall. there is no consistency in layer orientation be· 
1wecn outcrops. Facing direction., dclem1incd by the trunca• 
tion of layering and deformed layering below slumped 
blocks. is also vnrinb1e. This suggests that s-ignifiennt rota
tion has occurred since deposition. presumably tts ~ result 
or slumping within the magm:'I chamber prior 10 complete 
solidification. 

CHAOTIC MIXED ZONES 
Chaotic mixed zoocs are more widcsprcod th:in layered 

tones. They consist or blocks or massive olivine clinopy· 

Photo 4.4. Fine modal layering o( olivine :ind clioop) :o • .!ne i.n 
mixed l3ycrcd unit near Loc1di1y S. Figul"t'. 4.4. 
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roxcnite lo clinopyroxenite, up to S metres in dlamctcr. set 
in a matrix o f wchrlirc to dunite .. or blocks of olivine 
wchrlite. dunitc or wehrlite enclosed in clinopyroxenitc. 
Blocks arc typically angular 10 subroonded (rarely rounded) 
and commonly exhibit sharp contacts with their hosts. Con· 
tacts between mixed zones and massive pcridotite are gm• 
da1ion31 and expressed by the appc.amnce of scanercd, 
irregular blocks in the massive hostrock. Tbe mixed zones 
have been subdivided into wehrlite-dominotcd and clinopy· 
roxenite-dominatcd domains (Figure 4.3). 

'The chaotic mixed zones may represent density nows 
rcsulling rrom 1he spalling or cumula1cs rrom 1he w•II• and 
roof or the magma chamber. In some cases, these zones ap
pear to have fonncd by dike intruSion into se:,miconsolidated 
cumulate sequences lh:u wc:rc subsequently deformed pla~. 
tically. Dikes of clinopyroxenite 10 wehrlitc arc very com· 
nton in chaotic 1.ones and add to the chaotic appearance of 
the outcrop by further subdividing large blocks. h is likely 
that £Orne di.king resulted from ovcrptessuring of the under· 
lying cryslal mush. causing expulsion and upward migrati<:m 
of rcsidu3.I pore fluid through the cumulate pile. In fact. dik• 
ing may have been promoted in d1aotic zones. where slump
ing of large blocks from the chamber walls and roof rc.wltcd 
in rapid loading. 

REPLACEMENT DUNITE 
Locally, in ctinopyroxene-rich lilhologie.s:, c linopy. 

roxenc crystals h•ve been partially 10 complelCly replaced 
by olivine. This process resulted in the development of ir
regular bodies of duni1c and wehrlite within clinopy
roxenitcs and olivine clinopyroxcnilcs . A similar 
replocement pheno1nenon has been documented al Du.kc 1.s· 
land in sou1hcas1em Alaska (Irvine. 1974:,. 1986). Replace
ment dunite appears to have rcsuJtcd from the migration of 
an olivine-rich magma through a porous. clinopyroxenc
rich crystal mush. Disequilibrium between olivine-rich 
magma within the pore spaces 11nd the adjacent clinopy· 
roxcne crysuils led 10 whole.\llle rcplac.cmcn1 of c1inopy· 
ro,cenc by olivine. 

At Lunar Creek. replacement dunjle is most common 
in olivine clinopyroxenitc, p311iculo.rly in 1hc layered and 
chootk mixed units. The errec1 is most spectacular in Jay• 
crcd olivine clinopyroxenite that exhibits intemaJ grading 
(Locality S. Figure 4.4). Herc. im:gular bodies or replace. 
mcn.t dunite arc up to a metre wide and cut layering at a high 
angle. Coarse-grained layers $how perva.sivc replace.mcn1 
along the layering, whereas finer grained layers arc vinually 
unnffecu:d. This <1rongly suppons the hypothesis that po
rosity played nn important role in the dcvclopmcnl of re· 
placement dunitc. The lower porosity of fine-grt'lincd layers 
reslrictcd the amount of olivine-rich Ouid in the pore spaces 
and thus limited the degree or replacement in these layers. 

Passive infiltration through pore spaces is one mcchn· 
nism for magma migration through 1hc cumulate pile. 
Where cumulates were densely consolidated. :;rnd pore 
sp3CCS were closed. mngrna movcmcn1 was accomplished 
by diking. Uhrnmatic dikes are fairly common in all or the 
ultrumalic lithologics observed •• Lunar Creek. os well os 
in most Other Al0-skan·typc intrusions. Dynamic processes 
within the magma chamber (slumping. infiltration, diking, 
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convection e/c.) mny explain the nouablc li.tck of mcsoscopic 
layering in most of lhe ulttamafic:: rocks of the complex, Md 
~ scarciry of such layering in general. 

GABBROIC-DIORITIC ROCKS 
Two suites of gabbroic to dioritic rocks arc found al the 

umarCrcckcomplcx . Theoldes1 isaslrOngly foliated horn
blende clinopyroxenc gabbro. Defonnation of this unit pre• 
dlUCS intrusion of the mofo body of ultromafic c-umulatesi:and 
thcemplaccmcn1 of the younger suite of gabbroic rocks. TI:tc 
loner suite comprises massive cquigranular gabbro and dio-
rite which arc vinually undefonned and appear to be lhc 
youngest rocks asSOc;iatcd with the complex. 

FOLIATED GABBRO-DlORITE 
Weakly to slrOngly foliaied hornblende clioopyroxene 

gnbbro is similar in mineralogy 10 lhc younger unfoliatcd 
gabbros and diorites a1 Lunar Creek. However, crosscutting 
relationships demonstrate that this foliation predates crys· 
ta1Ji1.ation of the massive gnbbro. The a.gc of dcfonnation of 
the foliated gabbro is unknown, bUl it docs appear to be an 
ctirly phase of the ultramafic-mafic intrusion that was due· 
tily dcfonncd prior to emplacement of the remainder of che 
complex. 

foliated rock consists of nllemaling mafic and fcldspa· 
lhic foliae, typically less than I ccntimc1rc in widlh (Pho10 
4.5). Mofic layers ore composed of black hornblende or dark 
grcc.n dinopyroxenc or both. Fc1d.spathic layers are rom· 
posed or white pla,gioclosc with rare qu.artt. Clinopyro,cenci. 
ore subhcdral 10 eu.hedn)J and commonly rimmed by horn
blende. 

Where original ig_ncous lnycring is prescn•cd ii is par· 
allcl to foli.iuion n.nd is commonly boudinagcd. Fabric ori
c.nuu..ion is variable chroughout the complex. However. 
laycriJ:1g nnd foliatjon are crudely parnllcl to conlacL'I with 
ultram3fic components. This relacionship is well exposed 
southcasi of Localily 58 (Figure 4.4) where the fabric ap
pears to arch over a large body of undcfonncd dunitc:. 

Pholo 4.S. MylonilJC fabrics in older. folirued g:1bt>fo.dioritc. 
Unit X . 
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MASSfVE GABBRO-DIORITE 
Gnbbro. dioritc and quartz dioritc underlie a tolnl 111ea 

of approximately 16 squore kilomeues (Figure 4.3). Dioritc 
10 qu:ir1z dioritc is well exposed along the western margin 
of the complex; gabbro-diori,e forms a large body 01 the 
southeastern end of the complex and a narrow zone nlong 
its ca.stem mMgin. fl iii olso found as thick uni1s within in
lerlayercd clinopyroxcnite•gabbro scqucO(:CS (e.g •• SOO m 
nonh of Locality 12. Figun: 4.4). 

Gabbro-diorite occurs as massive, resistant. medium 
grey outcrops. Fresh rock varies in colour from medium ~y 
to black; mafic minerals vo.ry from SO 10 90 %. It is typically 
cquigranular and medium to coarse grained, bul nne· 
grained and pegmatitic varieties arc also found. Subhedral 
to eubedral, cumulate hornblende and clinopyroxenc ore the 
common mafic componenlS. and anhedtul pJagioclnse OC· 
curs as M intercumulus phase. Minor nec-tcnurcd$ulphidcs 
were observed locally. Hornblende is typically more abun
dant than clinopyroxene, except near g.rad.ationaJ contaclS 
with ultrom.afic rocks. Igneous layering, in the fonn or al• 
tcmating mafic und feldipa1hic layers. is fairly common 
(Pho<o 4.6). Locally. layers arc leuoocra1jc, wi1h as liulc as 
20% mafic minerals. Lcucogabbro-Jeucodiorite also occurs 
as thick dikes which crosscut both gabbroic and uhrnmofic 
rock., . 

Gobbro-dioritc has a narrow grndational concoct with 
ultramafic lithologics along the nonhcastcm edge o.f the 
cornplu . In this area, gnbbroic rocks (ONO a thin wedge 
along the margin and lie in fault conUICI with Takla Groop 
rocks 10 the nonheas1. Massive gabbro is also fou.nd in gra
dationnJ con1.ac1 with zones of intcrlayc.rcd olivine clinopy• 
roxenite. clinopyroxenitc, (eldspathic clinopyroxcnitc, 
hornblende clinopyroxcnile and gabt>ro. In addition. glll>
bfo.dioritc occurs as dik~ which crosscul the folialcd gal).. 
bro unil described above (Localily 22, Figure 4.4). 

Oioritc-qunnz diorite intrudes ultramafic rocks as well 
as 1he foliaied gabbro unit Con1aci., with massive gabbro
diori1e appear 10 be grJdationaJ. It is 1bcrcfore believed to 

Pho10 4,6. Fine mod.3.1 l~yering o r poi1dlilic hornblende and 
plagioclwsc in lcococra1ic laytr with.in the pbbro-diorite or Unit 
Sa 
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be the youngest nod most differtn1i1ued mem~r or the Lu
,,.,. Creek con>plex. 

Rocks of diori1c to qtmrtz diorite composi1ion fonn me
dium to lighl grey weathering, blocky omcmps. Fresh sur
faces arc medium g.rcy in colour. Grain si1.c varies from 
medium to coarse; the rock is 1oc .. 11y pcgm:uilic. Horn
blende, with or without bioti1c, comprises 30 to 50% or the 
rock. Variably altered plagioclo.se nnd quartz cons1i1u1c the 
felsic component. Qua.nz varies in abundance from J 10 2S 
vol% and is intcrs1ilial. 

QUARTZ-FELDSPAR VEINS 
Quant-feldspar veins occur exclusively in ultramafic 

and mafic rocks or the comple.x. At one loca.lity they pinch 
out into, and become continuous with, pcgmadtic horn· 
blcndc-bc.>ring quanz dioritc (Photo 4.7). They an, 1hcre
f orc be lieved 10 reprcsenl la te s1agc. s ilica -rich 
diffcrentia1es. 

'The ve.ins range from 2 to 20 CCJ'ltimet.rcs in width and 
most are approximately 4 centimetres wide. Typically, vein 
margins n.rc lined with whi1e plag.ioclasc crystals up 10 2 
ccntimetl'Cs in diameter. Light grey quartz typically forms 
vein cores. Gmphic feldsp:sr-qu:trtz intcrgrowlhs nrc com· 
monly observed in the marginal zones. 

GRANITOID ROCKS OF THE PITMAN 
BATHOLJTH 

Granitoid rocks non.h and e11s1 of the complex are asso• 
cia1cd with the Early Jurassic Pitman batholilh. part of the 
Guichon Suite of intrusions (Gabrielsc el al, , 1980). Gmno
dioritc dikes cmunn1ing from 1hc b:uholi1h in1rudc ul
trnmafic :ind mafic rocks of the complex a.Ii well 3S Talda 
Group rock..~ to the north. Outcrops nrc commonly lichen 
covered and form resistant dru-k. grey cliffs; where not cov-

Photo 4.7. 'Zonc<I qullrt1.-rc:.ldsp:ir pcgmntitc vein cutting co:irsc:
graiood hornblende g:abbro/diorite (upper left) and w.pering into 
rcldspalhic groundmHs (lower righ1) where ii Is condnuous with 
its host (Unit 5b) . NoteconctnU111ionor qu:am.(pak grc)') in centre 
of vein. 
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ered by lichen. they an, light gr,:y. Fresh surfaces ore light 
to medium gn:y nnd the roc.k is n>edium gmined nnd cqui· 
granular. Composition varies from quartz monzoni1c 10 gra
nodioritc . Mafic minernls, chloritizcd biotitc and 
hornblende, comprise approximately 20 vol% of the rock 
and qu0:rtz va.rie.'i from 10 to 25 vol%. 

PLAGIOCLASE PORPHYRY DIKES 
Plagioclasc porphyry d ikes intrude uhram11fic and 

mafic rocks in the study nrca. and o.rc intruded by hornblende 
microdioritc dikes described below. Euhedral to subhedrnl 
plagioc.lase phcnocryslS up 10 2 ccntime1res in dia.metcr Jie 
in a dark grey. fine.grained to aphanitic groundmass. which 
ulso contains homblcndc microphel)()(:rysts. l.n some. djkcs. 
plagioclasc crysi.Js arc aligned nnd nattcncd parallel to the 
dike wulls. These plagioclasc porphyry dikes arc believed 
10 be derived from gn:mitoids of the Early Juras~ic Pitman 
ha1holilh (Guichon Suite). 

HORNBLENDE MlCRODIORJTE DIKES 
Medium to d1uk grey hon>blcndc mlcrodiorite dikes or 

dubious affinity intrude granitic rocks of the Pitmon b;HhO· 
lith. plagioclose porphyry dikes. volcanic rocks of the Tokla 
Group. ond ultm.mafic-mt"lfic rocks or 1hc Lunar Creek com
plex (Photo4.8).11lesc dikes were not Sttn southwest of the 
Kutcho fault. but this are:a wo.s not mapped in derail. 

The dikes weather dark g,rey to pale brown and have an 
average width of approximately 50 centimetres. 1ncy arc 
fine grained 10 :iphanilic with microphcnocrys-rs of cuhcdral 
hornblende o.nd rnre cuhcdral 10 subhcdrol white plagio
clas.c. Dike margins arc commonly foliated. implying al 
leasl some post-cmplac:cmc-n1 dcfonnntion. 

U-Pb GEOCHRONOMETRY 
Uronium,lead analyses of zircons sc-par.ncd from a po• 

wsium feld1;-par rich pcgmatitic segregation in young. un
deformed hornblende diorilc were performed by L.M. 
Hcoman in the Geochronology Loboratory. Royol Ontario 
Museum. Results an: pn:scnted in Table 4.1 and Figun, 4.5. 
and analytical techniques arc summnrizcd in Appendix 8 . 

O.OlSO 

::, 

' N 

' .c 
~ 0.01$!, 
0 
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LUNAR CREEK COMPU;X 

u-Pb Zircon 

237:!:ZMc {2o) 

0.02, !------------- --' 
0.2JO 0 ,24!, 0.260 0 27!, 

201Pb/ n, 0 

Figure 4.5. Urr.nium-lcOO concordia diagram for zircon from 
pcgm.tlitc of the Lunar Creek m:ar,c-ultr.1mafic compb. .. 
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The zircon grains n::oovercd from this sample vnry con
sidc,rably in siu. morphology ond colour, Three diffcn,nt 
zircon frac tion.~ were analyzed(# 1·3 in Table4. I and Figure 
4..S); large colourless prisms (#I); a (rnclion of tiny yellow 
prisms (#2): and a single large. colourless, eubcdml pris• 
matic groin (#3). The s lightly yellow groins have• signifi
canily higher uranium content (475 ppm) compan,d to the 
othertwo colourless fractions (300,350 ppm). The lhl'\'.C zir
con analyses arc coli.near with Fraction I showing 3 small 
inherited lead component Jt is improbable that all the z.ircon 
analyses reflect inheritance as two quj1e different zircon 
l!!!PUIJUions ( #2 and #3 in Tobie 4. 1) yield identical 
"""'°Pbf"' U ages. The single lorgc groin is virtually concor
daJH tu 237 Ma, and tnkcn 1ogc1hcr. the dot.a indicate that the 
best estimate for the age of cmpl:.iccmcnt of the younger 
gabbro-dioritc unit is 237±2 (2a) Ma (Middle Triassic or 
Lndinian on the l ime scale of l-farl11nd ~, al .• 1990). Bccnusc 
this unit reprcscntS 1he youngest phase or the Lunllf Creek 
intrusive suite. this dale places a minimum age on the Alas· 
ka,Hypc uhromofic ponion of the complex. The signifi
cance or the U·Pb geochronometry is discussed further in 
Chapter 11. 

STRUCTURE 
The Kutcho fault. which defines the boundory between 

the Quesnel and Stikfoc tcrT:i.ncs. is one of many major 
tr:inscurrcnl foul LS in the Cordillera. ~ faults were active 
possibly as early 3S Middle Jurassic and movements may 
hO\•e continued through to Eocene time (Gabrielsc, 1985). 
1ne nature und magnitude of foult disploccments are exam· 
ined in more dc1ail in Clup1cr l I. 

Phoco 4,8. Hornblende microdioritc dike culling lcucocratic: 
ttabbRH!iorilc Un.ii Sa and cndos:ing xenolilhs of it,; host 

Northwest-trending. Steeply dipping foults. subpamllel 
10 the K'utcho fault. ore the dominant structures in the study 
on,a, Steeply dipping northeast and ea.,1-trcnding faults arc 
less abundant. Intense faulting has ~ultcd in an outcrop 
pattern which is a mosoic of dis rup1ed, diseonncc1ed blocks. 
This. 1.ogethcr wi1h the lock or distinctive matkt'.r hori1.ons 
within the complex. has made details or the st.ructurc irrc· 
solvnblc ot the prescnl time. 

At the north and cas1 margin or the complex. Takla 
Group volcnnic rocks nnd Pitman batholith (Guichon Suite) 

TADLE4,t 
U-Pb ZIRCON RES UL TS r-OR nm LUNAR CREEK COM PL.EX 

Ocsc:rincion Wcl .. ht · f"o..ce.01.r.uioo Wd-•h1 I Atonuc lot1111'n11.•• I A--;ue.nt A .. ctM11' 

S11mpk Sample u Pb eo,n,noo) !OIWb 2llSft. 2061) = l1W!h I .l!IW> ~ Z1l1fll 
Number •Fnactton W<l (ppn•l (ppn> t'b IP<l 20,I Pb 106Pb 23SU 13Sll 200Pb ~JllU 2:;.su 206Pb 

(iNS9-6J21Z 
l NM.:.. cl. ab. (32• ?U W2 II II 2J 9,17 0099) 0,03'0 O?t.W ou51o;..i 1-lU !·" 265 
1 NM. c, y, 1b. C 106) 69 01) 18 11'1 8229 00074 00:174 02614 0~71 ?37 :?"\b ns 
J NM,ia,d,ab,0} IJ 34? D " I 16C} O, IOSS 0.037~ 0.2627 o OSOM:? 1,1 2:11 :tlJ 

*Mul(tt.tlk: JMSrt'JJlibili,y; N. M •non,mastt.t'lk: 0,11,J m11g11rtic 1,1 :;.uo nnglr of sidr ,u, on " ,.·,am: utld\11nmir J.'JIOtutQr mu • '"'"rit of I 0A ,1111.f 10• 
/onoord 1th Cr11in n:.t (mrsh): a=+/00, t=•100+J"ZJ, CukJ!lr rl•culwrlr11. y-=:,rllu11, , 1Jlr=aluiJ.Jl1m 1rrmm,m1 
Th, ,uun~rs in p,arf'.ml1rus corrrsp,qnd IQ 1ft, 1mal nwnbu u{,rmuu onalJSt'd 
• •..tJ(ll!1ttr m!10J rorrtttrJ for blank (Ph•Jpg. U•2pg} um/ 11111111/ ra,m"'°" Pb 
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granitoids, lic in f::iu1tcontact with gabbroicrocks. All three 
llthologies arc mylonitizcd olong this fault. North of this 
contact. both the granitic and volcanic rocks hove a steeply 
dipping. non.hwesMrending penctrntivc foliation. Bedding 
in Toki• Group rocks dips moderately 10 the northeast. 

Rocks adjxcnt to the Kutcho fault ore not cxpo$Cd. Ap,
proximotely 250 metres southwest of the fault near Locality 
47 (Figure 4.4). stratified rocks have a siccply dipping. 
nonhwesMrcnding. pcnct.mtive foliation that is subparallcl 
to the trace of the fnu11. Bedding in these: rocks dipt moder, 
utcly to the northeast Oiorite nnd quartz dioritc, approxi~ 
rnntcly 100 metres nonh of the fouh. arc extensively altered 
but not foli:ucd. 

An older episode of dcfonnation is prcsc"'cd in the fo. 
liatcd gobbro unit (Unit 5c. Figure 4.3). Crosscutting n:la
tionshipS show that duc1ilc ddonn:nion in this unh pn:dates 
intrusion of the main pan of the complex. 1nc outcrop dis
tribudon of the foliotcd gubbro unit is t~mmonly controlled 
by foul rs. The orientation of the foliation ttppcars to be fairly 
cons-is1cn1 within indjviduol fau.lt blocks. but varies bc1wecn 
blocks. Ou1crops near lhc nonh nnd S(>ulh margin$ or the 
complex tend to hAvc u slecply dipping, easMrending folia
tion. whereas 1nos1 other outcrops have a steeply dipping. 
northwe-sHrcnding oricnuuion. This fabric clearly predates 
regional contrnclional defonnation in 1hc Jurassic lha1 ar
rcctcd this orca. but ils significance is 001 presently under
stood. 

MINERALIZATION 
Mineraliz.ation has been dcleeribcd near the ca.stem mar• 

gin of the complex. A copper showing, hos1cd in $kam, und 
a porphyry-style ahcrntian zone at the We..~t propeny, were 
explored in the rarly 1970s and have bc<:n described in as· 
.sessment reports. These. claims covered minor gamct-cpi
dotc skam that is locully enriched in copper (chalcopyri1e. 
mr.1Jachi1c and covcJlite: Jones. 1970). Malachite staining 
was nlso <>b$C1Ved along fractures :and foliation planes in 
bioti1c schists (Rybock-Hardy. 1972). Sill. soil ond Ji1hogeo
chcmistry outlined several zones with modcstJy anomalous 
copper values. Skom samples wen, nlso analysed for gold 
but wen: found 10 be barren (Jones. 1970). These •howings 
arc prob:ibly unrelated to the ultramafic complex and more 
likely aS"SOCiatcd with gmnitoids of the Pitman ba1holith 10 

the c.as1. 

GEOCHEMISTRY 
Amalylical ~uhs for platinum, paJladiurn, rhodium and 

gold in 84 representative rock samples from the lunar Creek 
complex. its hos:trocks .. ond various dike.,;; and quartz veins 
in the map ::a.rca arc presented in Table 4.2. Sample loca1itics 
are shown on Figure 4.4. The ooble mc1als we.re preconoen-
1m1cd by fin: assay using 30-gram splits of npproximatcly 
200 grams of rock powder (-200 mesh) and analyzed by 
induc1ivcly couplc.d phuma emission spec1ro.scopy by 
Acme Analytical Labomtorics, Vancouver. Accuracy was 
checked by intcmntiomal nnd in-hou.~ s:mndnrds. and ana
lytical precision (tu"KI any nugget cffcc1) moni1orcd by hid
den duplicates. 
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Platinum a.bundanccs arc generally low except in 
duniics (up 10 343 ppb) and o chromiic-rich dunile (1017 
ppb). Palladium obundonccs arc low overall. and n,och their 
highest values in gabbroic rocks (<90 ppb). With lhce>ccp
tion of one weakly anomalous dunite ( 12 ppb), rhodium is 
at or near lhc Jimi1 of detection. OoJd abundnnces:main their 
highest level< in gabbroic rocks (216 10 442 ppb) and show 
no corrcla1ion wilh PGE. Qunrtt vc.lns close 10 the Lllnar 
Cn:ck complex are uniformly low in gold. 

Anomnlous abundances of platinum in chromjti1c and 
chroinir.iferous dunhe ore known in many other Alaskan
type intrusions (Chapter 10: Ni>on and Hammack. 1991). 
The high platinum:pnlladium ratio (39) ln chromite•rich 
dunite (Sample 7 116B. Table 4.2) suggests a similar min
eralogical association. Unfonunatcly, chromite is scnrcc 
and dunite is not abundant. which sugg,csu that the Lunar 
Creek complex is no,• prime IMJ!el for further prospecting 
for PGE. 

SUMMARY 
1bc Lunar Creek complex is set in o unique structural 

environment, at the boundary bc1wccn the accrclcd tcmmes 
of Qucsncllia and Stik.inia. Due to it.<e close proximity 10 this 
major boundary. defined by the Kut<ho faull. the complex 
is in1c.n.~ly faulted. Details or its intcmo.J struclurc ore m<.k:~ 
tcnnin:u.e at this Lime. 

A wide range or Alaskan-type u1tmmafic and ma.fie H
thologic...11 arc rcprcscn1cd in the complex. Dunirc fonn.ionJy 
a minor proponion or the intrusion and concentrations or 
c.hromite ;lrC n.:littivcly spo.rs.c. Massive olivine clinopy• 
roxenitc is the most extensive rock type encountered. Hom
blcnde clinopyroxenitc is opparcntly confined 10 narrow 
grndtnionnl contacts between clinopyrox.enitc I.\.Od gabbro. 
Irregular 1.ones in whkh blocks of ultromal1c cumulmcs 
have been chnotically mixed togethernrc widespread. These 
fc:uures largely derive from the rcmobili1.ation of panJy 
consolidated crysca1 cumulates due 10 the action of density 
now$ periodically recurring within the magmn chamber. 
Some mixed zones. however, nu,y have originated by the 
intrusion and subsequent remobilization orultrnrna.fic dikes 
as their wallrocks dcfom1cd pla.,tically. Magmutic layering 
comp:iruble 10 lhni described 01 Duke Island (livine. 1974a) 
is locally well preserved in the uJtromafic rocks. Layering 
$UCh as this has not been seen ln any other Alask.an•typc 
intrusion in British Columbia. 

The g:abbroic to diori1jc rocb in the Lunar Creek com
plex have been subdivided into two units. The oldes1 unil 
has a well-developed foliation which predates intrusion of 
the ultramafic rocks and lhc younger gabbro-diorite unit 
The Inter phase is masi.ive and includes rocks which mnge 
in lithology rrom g.nbbro co quartz. dioritc. This unit com· 
prises the youngest rocks of the complex. A mincrnlogically 
prominent characteristic of lhc complex is the presence of 
qunnz .. rich pcg:matitic segregations O.Dd veins:. and the oc
currcooe or interstitial quan:z. in the dioritic pha.liCS. Silica 
oversaturation in the: fc.lsk diffetcnti:ucs of Alask:m-typc 
complo>es oppca,, 10 be compruntivcly rare. 

The economic poccntial for PGE in the Lunnr Creek 
complex appears to be low. Lithogcochemico.l a.nolyscs 
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TABU:4.2 
NOBLE METAL ABUNDANCES IN THE LUNAR CREEK COMPLEX 

AND ASSOCIATED ROCKS 

Sample UTMGRIOZONE9V (ppb) 

Localitt Number Northln! E.,,ui!!! Pl Pd Rh AU 

LUNAR CREl!K COMPl.£X 

Ounit.c 

14 GN,89-9077A 6"21870N S89260E 41 6 <2 10 
14 ON-89,90778 6421870N 5892608 62 7 <2 II 
14 ON,89,9077P 6421870N 589260£ 343 10 <l <I 

35 ON,89,8096 6419960N 5918008 173 3 12 3 

39 GN-89,9060 6420010N S904SOE 41 4 <2 4 

42 GN,89,7 11 68' 6419520N S90430E !017 26 <2 < I 
43 ON,89,91008 6429480N S908SOE 14 • <l <I ... ON,89•9101 6"192$0N S90660E 18 ) <l <I 

Oliv,nie WchrB1c and \Yffltbce 

s GN,89-90758 6.t?269SN 584275£ 9 ) <2 9 
14 ON,89,9077£ 6421870N S89260E IS <2 <2 4 

14 ON-39-90770 6421870N S89260E 60 12 <2 II 

IS ON-39-90708 6421620N S89300E 135 4 4 2 

31 ON-89,906S 6421330N S91860E 8S 3 <2 <I 
Jo ON-89-9060A 6420340N S91090E 29 3 <2 • 
45 ON-89-7073A 64192SON S9Q.MOE 9 24 <2 47 

Olivine Oinopyroxmii.c. r.nd Clioopyroi.cnhc. 
10 ON-89-6077 6422240N 589900£ 13 <2 <2 s 
II ON,89,9076 6422060N S9822SE !lo 8 4 <I 

IS ON,89-80700 642 1620N S89300E 57 9 <2 12 
IS ON-89-90701\ 642 1620N S89300E 21 <2 <2 111 

2S GN,89,9087 642 1800N S92170E 41 4 <2 3 
28 GN,89,908S 642 1670N S920IOB 40 6 <2 3 
29 GN-89·9084 6421620N S92000E 28 s <2 <I 

30 ON,89,90660 642IS70N S919SOE 26 4 <2 <I 

33 GN+89-8082 6420760N S9 t890E 31 II <2 ) 

)7 GN,89-9064 6420385N S90590E 111 12 7 6 
46 ON,89, 7076A 6419085N S901SOE 3 <2 <2 4 

ss 0 N -89-l! 117 8 6421310N S922'/0E 12 8 <2 ) 

S9 GN,a<),911JA 6418990N S9J600E ss ) <2 17S 

Uomblendc Oit10pyroxcnt1e and Fclrdsp1lhk llombkndc Ouiopyro.xc:nite 
I) ON,89,7092 64lla<)ON 5901806 27 3 <2 94 

27 ON·89·9068 6421710N S92120E 10 6 <2 12 

52 ON-89-70998 6418600N 5908101! 7 12 <2 123 

S6 ON·89·81 l8 6419240N S92400E IS 16 <2 s 
62 GN,89,1111 6418110),1 S9l270E 34 63 <2 8 

Clinopyro,;c.nc tlomblcndhc and Jfombkhdite 
40 ON-89-90S6 6420290N S90010E 13 18 <2 4 

•t GN-89-90S8 64201SON 5900106 II 13 <2 3 

Giibbro-Dk>rite 
24 ON,89·9090 64218SON S92300E 17 89 <2 8 
49 ON,89,7097 6419070N S90880B 3 <2 <2 216 

S4 ON-89-8 103 641899011 S91990E 8 16 <2 9 

S7 ON,89,9107 64191lON S93020E <I 2 2 8 

S8 GN,89·9119 64192.SON S93020E IS 8 <2 2 

58 GN-89-9119 6H92SON 593020£ 10 8 <2 81 

16 Gtt,/ogkul Sim'<)' Bro.n<ls 
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Diori~.Quam: Oioritc 
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Lcuooa;abbro-Lcu,oodloritc: 
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Foliacd Gabbro-Oiomc 
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22 ON ,19.8().16 6420l'90S - ll • <2 17 
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SJ ON-89,61 128 6411700:N S917J06 ' " a ll 
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,0 ON,19-9105 6,lll720N 59IOIOI! <I a a -0 
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were completed on 84 samples of assorted rock types from 
1he map area. Anomalous abundances of platinum were de-
1ected in most ultramafic lithologies and dunitc was parcicu· 
larly enriched. One sample of c hromitifcrous dunitc 
conrnincd IO 17 ppb platinum. s uggesting that platinum. 

ZS 

probably in lhc fom, of platinum-iron alloys (Chapter I 0), 
is in1imately as$ociated wilh chtomi1i1c. Unfortuna1cly. 
chromititc horizons arc rare and so economic concentrations 
of plo1foum. specifically the PGE-chromititc type of miner
ali1.a1ion, appear unlikely. 

Geological Survty Branch 
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CHAPTERS MENARD CREEK COMPLEX 
The Menard Creek maric-uluamafic complex 

(S6°4S.S'N, 126"29'W) is loca!M in lhe lnrermonlallC Bell 
of nonh-central British Columbia. II underlies pan of the 
McConnell RangeoflhcOmineca Mountains(94D/16),just 
nonh of Menard Creek for wh.ich ii is named (Figure 5.1). 
Access to lhe area is by !out-wheel-drive vehicle along a 
seemingly endless gravel road !hat leads north from Fon SI. 
James 10 1he Toodoggone River. A narrow spur road 
branches n<>l1h toward the Menard complex just before Kil· 
ometn: 423 on the ma.in Cheni mine road. Alt.cmatively. lhe 
aren may be reached by helicopter from lhe Stur<lee airstrip 
in the Toodoggone Rlver area. The bc$t exposures of the 
complex occur along senated, locally ptecipitous ridges at 
elevations between 1900 and 2200 metres. Lichen cover on 
the crest or these ridges i.s fairly extensive. 

REGIONAL GEOLOGY 
Mafic..ultramafic rocks of the Menard Creek complex 

were inilially included by Lord (1948) with the Early Cre
u.ceous Omineca intrusions. a gnmitoid mass ofbatholithic 
proponion.s mainly composed of granodioritc 10 qunnz dio
rire. Meyer and Oversrall (1973) first identified the mafic
uhromaJic nature or the complex during an explor.uion 
program to investigate an intense m::ignctic high over the 
body. Larer, Irvine (1974b, 1976) identified !he clinopy• 
roxenites of the complex as an Alaslrnn-lypc association. 
produced lhe first detailed geological mnp and informolly 
named !he body !he Menoni Creek c<>mplex. 

i 
I 

ON-Ouosnellla 

CC-Cache Creek 
Sl-Stikinio 

NA-Norlh America 

AX-Alexonder-T oku-Nlsllng 

Figure 5.1. Location or the Menard Creek mafic·ul!ramof,c com· 
plCJl in rclalion to major LCCtonosttaaigmphic terra.ncs: in nortbcm 
British Columbia. 
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The complex (figure S.2) is a gabbre>-clinopyroxcnite 
body of proboble Lare Triassic age.his surrounded by Mid
dle Tria.uic to Lower Jurassic ma.fie volcanic rocks of the 
Talcln Group. A possibly coeval high-level intrusive phase 
is represented by an ;1ug.ile and plagioclase-phyric dike 
swarm which intrudes lhc nonhcm matgin of the compk:x. 
Similar rock rypcs hnve been described within the Savage 
Mountain Fonnation which is part of lhe "'weslem assem
blage., ofTalcla Group rocks 1ha1 eropout 10 lhe west of the 
complex (Rkhards. 1976a}. 

Tbe SU\ICture of lhe Takla Group is domina!M by north· 
erly to nol1hwestcrly tn,nding faults and folds and at least 
two phases of dcformlltion have been =gnized (Belief on• 
taine and Minehan. 1988). The mcramorphic grade or the 
Taki• Group is grccnschis1 10 subgrecnschist (Monger, 
1977), 

COUNTRY ROCKS: TAKLA GROUP 
The Talcla Group was initially described by Lord ( 1948) 

o.s an essentially Upper TriMsic to Jurassic con(onnable as
semblage of more thJln 10 000 metres of mafic volcanic and 
scdimcnrary rocks. Subsequent work by Rlchards (1976b), 
Monger, (1976, 1977), and Monger and 0,ureh (1977) re
fined this definition to include only rocks of Late Triassic 
age (upper Camion to middle Norian). The Group was sub
divided into 1wo distinc:1 facies. representing eastern and 
we.stem assemblages, sep:11:ued by a norlh-in,nding linc
amcn~ the lngenika fauh. which runs along the lngenilul 
Rlver (Figure S.2). The eastern bell ofTakla Group rocks in 
central and northern Qucsncllia are now known to range in 
age from Late Triassic to Early Jurassic (Souther, 1991). 
Near !he Menard Creek complex. Truda Group rocks have 
been assigned 10 the eastern assemblage (Rlchar<ls, 1976a) 
which includes mafic to intcnncdiatc lava flows. volcanic 
and cpiclastic breccia.,. tuffoccous rocks and green phyllite. 
phyllilic schists and minor meta.sedimentary rocks. 

MENARD CREEK COMPLEX: 
MAFIC-UL TRAMAFIC ROCKS 

The Menard Creek Q<),nplex is • roughly circular body 
covering almost 4 square lcllometrcs. hs outcrop p.inem is 
strongly controlled by faulting. The complex contains n 
mt'lSs of clinopyroxenite in its southwestern comer and a 
high proportion of gabbro. Igneous layering appears 10 be 
absent. 

CUNOPYROXENITE 
At the prcsc,nt level of exposure, clinopyroxenites, oli

vine-bearing clinopyroxenites. and olivine clinopyroxcnilC$ 
fonn 2S 10 30% of the complex. They are grey 10 grecn
wcathering, medium to coarse-grained (5 10 10 mm) or lo
cally pcgmatitic (<2 cm) rocks !hat arc generally massive 
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STRATIFIED ROCKS 

UPPER TRIASSIC TO ""DOl.E JURASSIC 
M(NARO CR((K MArlC- ULTRAMArlC COMPL(X 

t:::::j Cllnopyroxenite 
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D Moflc:-lnlermedlole volcon1c 
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Lilhogeochemicol somple site 4029 A 
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Figure 5.2. Geologic map oflhc Menard Crcct mafie,uluoma(,c eomplu (In pan llflcr Irvine, 1976b) showing geochemical sample 
sites. 
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and isotr0pic. Varieties that contain olivine carry about S co 
IS vol% and contocts between olivine-bearing and olivine
free clinopyroxenites appear gradatioruil. Olivine grains are 
usually strongly altc~ and wealhcr rus1y brown. 

lo thin section, olivine and clinopyroxene cxhibil cu
mulate textures and c linopyroxcnc locaUy displays ack:umu
la1e growth. Olivine is completely altered to a fine-grained 
11ssemblage of mug.nctitc, serpentine and carbonate. Th.in 
(0.5 10 I 1M>) carbona,c veinlecs (2 10 3 vol-., of lhe rock) 
arc also common. 

GABBROIC ROCKS 
Pyroxene gabbro, variably enriched in magnetiie. is !he 

dominant lithology in the Menard complex. The princip31 
ou1c:.rops occur along C3SM.ttnding ridges in the eastern part 
of lhc body. The gabbro is a druk IO pale grey. massive. 
medium-grained rock that is texturally rather uniform and 
strongly magnetic. h contain.s subcqual proportions or c:li
nopyroxene 11nd plagioclase, and locally grades into more 
teucoc:ra1.ic or mcla.noc.rotio variants. 

A fauh-bounded sJi\'er of extensively epidotized o.nd 
sericitized g.abbro is exposed on the western margin of the 
clinopyroxcnite unit Melanocrntic xenoliths of fine-grained 
mofic rocks are found within sheared and saussuricizcd gab
bro. ond may rcpn,scn1 stopcd blocb ofTakla Group wall
rocb. Locally lhesc xenoli1hs arc very abundant. 

In thin section, clinopyroxencs arc fre...-ffl whereas cu
mulu.~ plngiocJase is weakly to strongly altered co .scricite 
(10 to 90 vol-.,). Magnetic,: (5 10 IS vol%) forms anhcdral 
inlcrcumulntc grains. and subhcdml crystals of scrpcnti
niz.cd olivine ( 1 to 2 mm) occurs in trace nmounls together 
with intercumulus biotitc (<J vol%). 

MAFICDIKES 
Al lhc northern margin of 1hc complex, medium

grained equigranulnr gabbros. and a varie1y of gnbbro wi1h 
augite phenocrystS set in u fine-grained fe1d~p:.1lhic matrix, 
nrc intruded by Bugi1e-phyrie dJkes that comprise up to 50%
of lhe ouicrop. Farther nonh. gobbro screens disappear and 
lhc dikes on, shcc1cd. 

1'wo texturally distinct varieties of dike rock can be 
identified. One conto.ins conspicuously bladed subhcdral 
crystals of plagioclasc wilh subirnchytic 1cx1un, tho, reach 
over a c:en1imctre in length; the o ther carries subhcd.raJ to 
euhcdrnl, roughly cquidi1ncns-ionaJ phenocrysts of augite. 
However. both cypes of dike contain phcnocrysts of plagio
clasc (<30 vol-.,). clinopyroxcne (J to 10%) and olivine 
(I%). l.n chin scciion. oscilla1ory wned plagioclasc phc· 
nocrysis are partially 1<SOrbcd. ougile is panly altcrcd IO 
chloritc 3.nd olivine is replaced by serpentine nnd chloritc. 
The groundmass is composed of finely crys"111inc clinopy· 
roxenc. felcl<par and iron·lilllnium oxides (<2~). 

CONTACT RELATIONSHIPS 
lntru.sivc cont:ict." between the Menard Creek complex 

and lhe Taki• Group have noc been identified, although ii is 
likely that such relationships ocigi:n11Uy existed. Mos1 con
tacu :ire rcpre.1oented by fault.~. Howe\'cr. 1hc conr.nc1 be-
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1wecn clinopyroxcnite and gabbro is wen cx,x,scd and ide.n· 
tificd a~ transitional. 

The mafic dikes clearly inlr\Jdc lhe gabbros. The con· 
ttw:t bctw~n the uniL<c is reprcsen1cd by :i.n inmas-ivc zone 
with up to SO* gabbro screens. ChHled margins provide 
good evidence for the chronology of dike intrusion. In oH 
ca.;;cs, augite porphyry d.ik~ arc chilled ogainst dikes with 
bladed plagiocla.sc tcxtures, lndicating lhal the latter are ear
lier. The timing of dike inlnlsion is uncenain. bm 1hey may 
represcnl feeders for Takla Group volcanism. 

STRUCTURE AND MET AMORPIDSM 
A sysiem of no1thc,,s1crly irending faulis appears as 

well-defined lineamcncs on aerial pho1ogrnphs. The foulis 
arc recogniicd in lhe field by localized wnes of strongly 
frac1urcd rock and clay gouge. Near faulis., alteration of lhc 
surrounding rock is locally severe. bu1 no mineralization has 
been idcnlificd. Epidote and carbona1e veining also be
comes more intense within these fault zones. 

MINERALIZATION AND 
GEOCHEMISTRY 

Noble mctaJ abundances for m.afic and ultnuuafte rocks 
of the Menard Creek complex and mnfic dikes arc prescn1cd 
in Table 5.J. Platinum•group c lcmen1 abundances BrC gen-
era.Uy tow with weak. enrichment of platinum in cJinopy· 
roxcnilcs relative 10 ga.bbros. Anomalously high palladium 
in gabbro sample GN,88-4029 doc.! not appear 10 coincide 
wilh lhc pn,scnc<: of sulphides and may be rcla1cd to mag
netite cnrichme.n1. 

SUMMARY 
The Menard Creek complex is close 10 1hc lngenik• 

fault a.I the ea.~tcm edge of S1ikjnia. In this respect~ its tee-

TABLES.I 
NOBLE METAL ABUNDANCES IN THE MENARD 

CREEK COMPLEX ANO ASSOCIATED ROCKS 
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tonic setting i.s very similar to the Lunar Creek comp1cx 
(Chopcer4), ThcMenardCrcclt complc• hasbccn presumed 
lO be Uue Triassic in age and coeval with volcanic rocks of 
lhc Talda Group (cquivolcnc in part co che S1uhini Group). 

Alchough gabbroic rocks ore che volumetrically domi• 
nanc phosc or chc complex, olivine clinopyroxcnice and cli· 
nopyroxenice arc also pn:,cn~ In chc ob,ence of decallcd 
Sludy, perhaps ilS mo,;c discinccive Alaslaln•cypc craic is chc 
absence of cumulus onhopyroxcnc. abundance of magnetite 
clinopyroxenitc and occunencc of biodtc in the ga.bbroic 

12 

rocks. Internal conracts between gabbro and clinopy· 
roxenitc llJ'C gradation.al. Intrusive cont.acts have noc been 
positively identified. The complex was ccnainly emplaced 
high in lhccrusc as ii has been inuudcd bymaficdikcs with 
chilled margins chat likely fed Taltfu Group volcanism. 

Abundances of PGE in chc McMrd Creek complex ore 
uniformly low with ~ exception of palladium in a single 
somplc. The prospects for PGE mineralization arc not en· 
cournging. 
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CHAPI'ER6 WREDE CREEK COMPLEX 
The Wrede Cn:ck ulcnunofic-maficcomplcx (S6°40• N, 

126-0S'W) is located in the lngcnika Range of the Omincca 
Mountains, approximately 400 kilometres north~oorthwcst 
or Fon St. James (Figure6.I), The area may be reached by 
well-travelled din rood via Monson Cn:ck and Gcnnanscn 
Landing. The complex is 8 lcllometn:S nonh-nonheast of 
Johonson Lake. and is named for Wrede Creek which lies 
about 4 lcllometres beyond its nonhcm margin (Figure 6.2). 
The region is serviced by chancred ainm1fl from Prince 
George or Smithers. via an ai111rip a, the nonhcm end of the 
lake or from the S1urdce air,lrip some I 00 ldlometn:S 10 the 
northwest in the Toodogonne River area. Access from 
Johanson Lake is by helicopU!r, or a poorly maintained. 
four-wheel-drive road leading to the ,outhcmmo<1 expo
sures of ultramafic rocks. The mnp area is covered al II scale 
or I :50 000 by NTS sheet 94019. Aeromogncli<: survey 

• Kemono 

maps are ovailablc II scales or I :250 000 (Map 7778G· 
Mc.Connell C-k) and I :63 360 (Map 5272G-shcc194019). 

In the past, the Wrede Cn:ck region ha.< anracU!d con• 
sidcrnble attention on 11CCOunt of its precious and base me.ta I 
potential. The area experienced its first gold rush in 1899 
with the discovery and subi;cquent exploitation of lhe 
McConncU Creek gold placers. Tiny platinum nuggets were 
rcpomdly found with the gold, but the placers never become 
as promlnant a source or phuinum as the rivers and creeks 
draining the Tulamecn complex (O'Neill and Gunning, 
1934: Rublee, 1986). 

REGIONAL GEOLOGY AND 
GEOCBRONOMETRY 

Rcconnoissance mopping (1:250 000) and geological 
descriptions of the area were first completed by 

Chefwynd 

Q 200 

kllOffleJru 

Figun: 6.1. Locauon or the Wn:dc C=k complex. 
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an<I Monger. 1977). 

Lord (1948), Subsequently, remapping of various ports of 
the McConnell Creek map shecl wa.s undcnalccn by 
Richards (l!H6a. b). Monger (1977) and Church (1974, 
197S). These aulhors also described the strueturc and stt;>

tigraphyof vok:anicwtic and epiclJUtic roc:b orlhc Middle 
Triassic to Lower Jwuslc Taklo Group, which hosts many 
of the Alaskan-type ultnunafie complexe, in the ore• (su 
also B<:Uefontolne and MinchAn. 1988). Jurassic gmnitoid 
pluto nis m in lhc region has been described by 
Woodswonh(l976) and Woodswonh,ta/_(1991). Modem 
studies of the Alaskon-cypc co,nplcx-cs lhnc occur within 
both the McConnell Creek ond Aiken Lake map meas to lhc 
ew, including the Wrede Creek ultnuna/ic complex, were 
made by Irvinc ( l974a: 1976). Wongttal. (198S)ond IJVinc 
( 1976) have presented the most detailed dcscriptiOn5 of the 
complex, 

The Wrede Creek ultramafic~ma.fic complex intrudes 
volc.1mic and vokaniclnstic rocks of the Middle Triassic to 
Lower Jur:wic Tokla Group of Qucsncllio (Figure 6.2). To 
the wesL the boundory between the Quesnel and Sllldne ter
rnnes of the lntenn0nlllnc Bell is dclincoted by lhc Pinchi
lngeniko fault sy$1cm (Whccleu1 al., 1991 ). Type sections 
for the Tllkla Group, as pn,sentcd by Monger ( 1977) and 
Monger and Chwdl (19n), ore uposcd west or the ln
gcnika fault in Stikinio. East or lhc Wn>dc Creek complex, 
a high-angle fault SCJ>'l"'le, these supraetusllll volcano-scdi
m<nlllry sequences from a tectonic sli,·or or roc:lc.s assigned 
to the upper Paleoz.oic Lay Range assemblage (Richards, 

19763. b: Monger. 1977). These roc:ks hove =ntly b«n 
correlated with lhc Harper Ranch Subtc:nane which forms 
the ba.semcnl of Qucsnc:lli• (Wbcclcr and Mcfcc:ly, 1991: 
Monger et al., 1991 ). Que$nclllo is separated from pericra
tonic rocb or the lngcnika Group by the Swanncll fault 
which. in pan at le.as, .. i$ an imbrica1cd thrust zone with evi
dence or southwesterly cectonic crnnsport (Bellefonwne, 
1989). 

'The Tokio Group wc.,t or the lngenika,Pinchi fault 
boundary exhibits subgn:cnschist mclllmOq>hism whereas 
correlative rocb to the cast arc chllr:u:wiud by gi,:en
schiJt-grntle assemblages (Richan!s, 1976a, b: Monger, 
1977). The predominant structural grain in the region is 
nonhwestcrly. The main lithologics in the lngenika Range 
wesc of the Wrede Cn:ck complex include mafic to interme
diate, plagioc.lasc n.nd nugilc-phyric. volcantClaslic and cpi· 
elastic rocks. subaqueous ond mi.nor s:ubocri1.1J Java flows. 
and interbcdded block arglllites, •iltstoncs, sandstones and 
minor limestones (Bellefontaine and Minehan. 1988), 

Irvine ( 1974•. 1976) considered that Alaskan,type 
comp1exes in north-<lcntnll British Columbia were comag
matic with Late Triassic volcanic rocb or the Taki• Group. 
Potassium-argon dJtciog nr two hornblende mineral sep3-
ratcs from rcJdspothic pegmncitcs in the Wrede Creek com· 
plcx appears 10 supp0n this conrcnUon, yielding Late 
Tri3ssic isotopic ages of 219:tJO ( lo) and 22S:t8 Ma (Wong 
.i al., 1985). 



Granitic rocks intrude both lhe TalclA Group and Wrede 
Crcxk complex. K-Ar dating or hombl.endo has es1ablished 
a Middle Jurassic age or 1721.6 (lo) M• for such intrusions 
in the Wrede Creek complex (Wong ti al .• 198S). This is 
compatible whh K-Ar dates oo hombleDde from plutons 
comprising pan of lhe Hogem b3Jholith 10 lhe S<MJth (,.g. lhe 
Duelcling Creek sycnite dated at 171:t6 (lo) Ma: Eadie, 
1976). 1l>e Fleet Peal: pluton, a diorite to monzodiorite body 
northwest or the Wrede Creek complex (Woocbwonh, 
1976), has yielded K-Ar dates on hombleDde and biotitc or 
144at8(2o)M .. nd IS6"'5 M>. respectively(Wnnless<1a/., 
1979). These plutons apparently belong to the Early 10 Mid
dJe Jurassic phases of the Guicboo and Copper Mountain 
suites in Qt,esnellia (Woodsworlh ti al, 1991). 

COUNTRY ROCKS: TAKLA GROUP 

The Wrede Creek complex lies within lhe pn,domi· 
naolly subaqueous cnstcm facics of 1he Tatla Oroup 
(Richards, 1976", b). Adjacent to lhe complex, rocks oflhe 
Tolda Group arc pn,dominnntly brown to grey wcalhcring. 
medium grcy-gn:en and dark gn:y augite and augite-plagio
cla.sc crystal ruffs, nows and volcanic brecc-ig,s, These rocb 
are chonw:tcriud by euhedml towbhedml black ougitecrys
lAls up co I centimetre in d1iuneter. and while to pale green. 
variably saussuriti1,ed plagioda.se laths up to 5 milJimetrcs 
in length. In thin section, clinopyroxene is seen to be par
tially or completely pscuclomorpbcd by octi.nolite. Plagio
closc is variably altered to scricite. epidole and carl>onatc. 
Actinolite i• also abundant in lhc groundm.., and locally 
assumes a weak preferred orientation. These mineral asscm• 
blagcs indicate rcgionaJ meta.morphism in the upper pan of 
the grcenschist facics. 

~VREDE CREEK COMPLEX: 
ULTRAMAFIC-MAFIC ROCKS 

n.e Wrede Creek ultnunalic-mof,c complex occupies 
an area of approximately 10 square ldlometrcS. l1 exhib1ts a 
crudely conccn1ric ZOfl.lltion of rock ty~ Wt consthu1c a 
comp1clc grad:ltion of lilhologies from dunite in the core to 
gabbro at lhc margins (Map 2 in packet: Figure 6.3). 1l>e 
dunite g,ades outwards through a nam,w wchrlitic lnlD.Si· 
lion zone in10 olivine clinopyroxenite and clinopyroxenitc. 
TI,c.se units in tum pass into hombleDde,.rich gabbroic or 
dioritic rocks at lhc pcriphe,y of lhe complex. Minor oli
vine-hornblende and hornblende dinopyroxenitc and hom
blendite ore prcsenl locally. 

O.mite is well exposed along lhe crest of• nonhwcst
erly ircnding ridge. whereas outcrops or other mop units at 
tower clcvatio0$ are much more limited and exposure in 
va.lleys is poor. ln a region of little outcrop at the eastern 
margin of the body. the poiition of the con.tact between I.be 
complex and its wallrocks has been estimated from aero
magnetic data. 1l>e geometry of lhe inrrusion is poorly eon
sr rai ncd. but based on a limited number of short 
diamond-<lrill holes at the southern margin of lhc complex, 
lhe body appears to represent a high-level intrusive stock 
(Wong" al .. 198S). 

DUNITE 
Du0i1e is the dominant litholof,Y or the Wrcdo Crcxk 

complex and is well exposed (S kmi along a major nonh· 
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westerly trending ridge at the centre of the map &rcil. On 
weathered surfllCcs. dunite is charnc1eristically orange
brown, yellow-orange or buff. and contains disseminated, 
variably magnetic. euhedral to subhedrul chromite crymls 
(up 10 I mm in diameter) thac weather wilh po$hive relief. 
The rock is generally medium grained and consists of blac:k. 
glassy olivine cryStals with minor chromite (I to 5 vol%): 
fine-grained varieties are dark-grey. 

Thin section analysis of dunjtc reveals an cquigr.mular 
1exture, or n:s.re incquigmnular fabric in wh.ich small olivine 
c,ystals (0.5 to I mm) comprising up to SO% of the rock arc 
interstitial to, and poikilhicaUy enclosed wi'thin. coarse ol.i· 
vine c,ystals (up to 5 mm across). Clinopyroxene was not 
observed within the dunicc except ac lhc gradat.ional contact 
between dunite and clinopyroxenite (well exposed ot Local· 
ity S. Figure 6.3). 1l>e black colour of the olivine c,ystals is 
auributcd to an abundance or tiny, opaque, rod-like inclu
sions which nt.ngc from 2 to 5 mta'Ons in length, which are 
evenly distributed throughout the crystal. and have a pr,,
rcmd oricnlation that iscrysto.Uopaphically contrull<:d. At· 
tempt< 10 establish the oomposit,on or these inclusions by 
microprobc analysis have been unsuccessful but we believe 
that they arc an exsolution phenomenon (magnetite?) re
lated to oxidation during slow cooling of lhe dunite. The 
lack of these inclusions within dunite dikes which cut the 
dunitc body suggests tha1 dike inln.LStOn postda.tc:s oxidation. 

M.ic.rofractures arc promincnc along crystal boundaries 
and within crystals, and have acted ns loci for scrpenlinil..a· 
rjon. On average. olivine is approximately 5% scrpcnli• 
niud, but lhe degree or altemtion varies widely, ranging 
from thin envelopes surrounding mkrofracturcs, 10 com
plete scrpcnlinization. panicularly in somples collected near 
brittle shear rones. Altered areas arc composed of antigoritc, 
secondary magnetite and minor brucite, talc and carbonate. 

Tabular 1.ones of bright orange weathering. medium 
green-grey. carbooate··quartz altcra1ion a.re common 
throughout lhe dunite. Such zones arc composed mainly of 
ankcrite and minor mAgnc.tite, And have llbundant. closely 
spaced. white chalccclony veins which arc locally folded 
(Pho«> 6.1). Minordisseminmd borniteand pyrite were ob
served ln one of Lhesc zones ot the southwestern end of the 
dunitc outercp(Locality 19, Figure6.3). The alteration most 
likc.ly occurs along faults, which JJO$$ibly serve as channel-

Photo 6.1. Quartz-carbonate al""1Uloc> in dunlle showing foldccl 
chalcedony vclns in oulCf'OpS 1ppro,:irwucly 300 metres south or 
Locality S in l'igurc 6.3. 
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way$ for lhe same fluids which intrOduccd the sulphides so 
prevalent 01 thc southern end of lhe complex (discussed bc,
low). 

M.icroprobc analysis of olivines in the dunitc indicates 
forsteriticcompositions in lhenmgc ofFo13-92 (R.H. Wong. 
unpublished data). These an>lyscs reprcscnt samples col
Jec.ted along nn cast·WCSt traverse across the dunite core and 
provide oo evidence for outward cryptic zonation. 

CHROMITITE 
Although chromite is ubiquitous os tiny cuhcdral crys

taJs in dunitc, it is concentrated locally into irregular pods 
and schliercn. Chromilite scbllercn nmge from 0.1 10 S cen
timetres in widlh and bc1wccn S and 40 ccntimclres i.n 
length; most arc le$$ lhan I centimetre wide and IS centi
metres long. They are found as i,0Ja1cd bodies within lhe 
dunite. or more commonly in clusters forming chromitite• 
rich zones several metre$ in width (Photo 6.2; Locality 2 in 
Figure 6.3). It is common to find schficrcn in various orien
tations wilhin II single outcrop, indicating some degree of 
rcmobili7.ation of prevlous.ly consolidated chromite cumu
lates. However. in rocks with a locaUy penetrative foliation 
(,.g. l..ocalilies 16 and 18) schliercn ore usually oriented in 
lhe plane of lhe fabric. 

lbcrc appears to be no structural control reflected in 
the spatial dJslribution of chromidtc-rich roncs, mos1 of 
which arc scpanui:d by brood expanses of chromitite-frcc 
dunitc. Chrom.itite schlicrcn appear 10 be absent within 200 
metres of the dunitc.-cHnopyroxen.ite conrac1. but this may 
be due to more limited outcrop in this part of lhe complex. 

CLJNOPYROXENITES 
The clinopyroxcnite unit includes o livine clinopy• 

roxcnitc. cJinopyroxcnhe. olivine-hornblende c linopy
roxenile and hornblende clinopyroxenile. Tbcsc lilhologics 
lypicaHy form a complc1c gradation from olivine-rich 
phases adjacent to the dunitc contact to homblcnde·rich 
phoscs odjaccnl to lhe gabbro-homblendite conlllel. 

Clinopyroxcniles fonn a scmicontinuous rim around 
the dunite core of the complex (Figure 6.3). Toe appnrcni 

Photo 6.2. Zone o( chromitilc pods and sc.hUcren at Loeali1y 2 in 
Figurt: 6.3. 
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thickness of the cUnopyroxenite unit varies from 50 metres 
01 the southwestern end to 900 metre$ nl lhe nonhcm end of 
the complex. Along the eastern margin. clinopyroxenites u.re 
in gmdational contact with clinopymxene homblendite and 
homblendc-clinopyroxcnc gobbro. To the south. clinopy
roxcnites intrude homfelscd volcanic rocks of lhe Talcl• 
Group. 

OLIVINE CLINOPYROXENJTE AND 
CLINOPYROXENJTE 

Olivine clinopyroxcnitc 11.nd clinopyroxcnite arc usu
ally coarse grained and composed of medium brown-green 
wcalhering. pale gn:cn. cumulus clinopyroxcne and brown
wcathc.ring. black cumulus to lntcrcumulus olivine. OH vine 
clinopyroxeni1e contains an overage of approximately 30 
vol~ olivine, but modal variations range from 10 to 40 
vol~. 1be modal abundance of otivinc in clinopyroxen.ite 
averages about S vol'l&. but may vary between O and 10 
vol'l&. 

Olivine clinopyroxenice is most common near lhe 
dunitc contact where it fonns p3tt of the gradation from 
duni1c 10 clinopyroxcnite. Locally. olivine fomos up to .SO'l& 
of the rock. which is mott oppn>pria1cly lCrll1cd weh<lilc. 
The olivine cli.nopyroxcnitc unit varies in width from ap
proximately 2 metre$ at lhe caslem margin of lhe dunitc 
body (approximately 200 m south of Locality 8 in Figure 
6.3). 10 2.SO metre$ al lhe southwestern edge or lhe dunite 
(100 m south of Locality 20) where it is in inuusivecontoct 
with homfelscd oounuy roclt. 

Clinopyroxeoiie is well exposed in lhe eastern pan of 
the complex, where ii is sandwiched between olivine cli• 
nopyroxenile to the west and hornblende-bearing clinopy
roxcnitc lo the easL The clinopyroxcnite zone varies in 
thickness from approximately 100 to 200 metre$. 

In thin section. cquigranulor clinopyroxenc (0.5 10 6 
mm in diameter) exhibits cumulus textures. and olivine OC· 

cu11 as cumulus and intereumulus crystals and cquigmnulor 
etystol clots which range from 0.5 to I millimelrc OCIO$$. 
Olivine is paniolly to completely scrpcntinized. Euhedtal 10 
,-ubhedrnlchromiie (0.510 I mm) makes up less than I vol'l& 
of the rock. 

Microprobe analyses of elinopyroxcne from olivine eli
nopyroxenite yield diopsidic compositions with rclatively 
low alumina (1.5 to 2.6 wt'l& Al:!01); olivine compositions 
range from fou.M (R.H. Wong. unpublished data). Cli
nopyroxencs in clinopyroxen.itc are also diopsidic with I to 
3 wt'l& alumina (R.H. Wong. unpublished data). Tbcsc min
eral compositions fall within lhe general range or silicote 
composition.! in equivale.nt rock types or the Tulamecn com· 
plcx (Findlay. 1969; Nixon" al .• 1990a). 

HORNBLENDE CLINOPYROXENITE AND 
OLIVINE-HORNBLENDECLINOPYROXENITE 

Hornblende. clinopyroxenite is most extensive al the 
northern end of the complex whc,re il reaches an 11pparcnt 
thickness of approxiffl3tcly 500 mcttCs. In some exposures 
in lhe eastern pan of lhe comp le~ ( I 00 m west or Locality 
6. Figure 6.3). a complete gradation between clinopy
roxcnilc and homblcnde· bcaring clinopyroxcnitc is ob· 
served. ln this area hornblende-bearing clinopyroxcnite 
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avemges between 50 and 150 metres in width and grades 
into gobbro and hornblcodite to the cast. 

Hornblende clinopyroxcnite ls medium brown weath
ering. and comprises about 20 lo 50 vol% black hornblende 
und 50 to 80 vol% durtc green clinopyroxenc. Three main 
1ypes arc observed: a variety containing cubedral, cumulate 
hornblende crystals (up to 2 cm in length) sunoundcd by 
smaller grains (2 mm) of cumulus to intercumulus clinopy
roxcne: a coarse.grained variety comprising large crystals 
(1.5 cm) or cumulus clinopyroxcoc partially cncloscd by 
intercumuJus hornbJende ( J .5 cm): an equigranular ooarse,. 

grained variant of the second type with large (2 cm) inter
locking cryslllls or subhedral cumulus hornblende and 
clinopyroxeoe. Locally, plagioclasc appca11 as an intereu
mulus phasc ronningupto5 vol% oftherock.Asignificant 
amount of both primary and secondary magnetite has made 
these hornblende-bearing llthologies SIJ'Ongly magnetic. 

Thin section analysis orbomb1cnde clinopyroxenitc re.. 
veals fresh. pale brown pleochroic hornblende and unal1cred 
clinopyroxcnc. Mognetiie ronns up 10 2 vol% or the mode 
and occurs as small euhedra (0.1 to I mm) djsscminatcd 
throughout the rock. Apatite (<I vol%) occu11 as an acces
sory phase. 

Olivine within olivine-bearing hornblende c linopy
roicnite was recognb.cd only in thin section. Where J>fCSCf'l 
(e.g .. OCJlr Locality 13, Figure 6.3; and in a drillhole at the 
southern end of the complex; Wong ciol .. 1985) it moy ronn 
up to 10 or 15 vol% of the rock. Typically it occun as small 
(0.5 to I mm). subbcdnil crystals completely pscudomor
phcd by secondary amphibole and magnetite, and poikoliti
cally enclosed by clinopyroxcne and hornblende. 

tlORNBI..ENDITE AND HORNBI..ENDE 
GABBRO-DIORITE 

The hornblcode g•bbro-diorite to hornblcndite unit in
c ludes rocks th:u contain variable proport_ioni of horn
blende, plagioclosc and clinopyroxenc, and t.h31 locaUy 
weather white to black depending on the modal abundance 
or fcldsp'1<. This unit occupies some 3.5 square kilometres 
at the casiem 3Dd southeastern peri.phcry or the complex. 
Outcrop is sp:irse, particularly nlo.ng the ca.stem margin of 
1hc body. and lhu.s contDCt relationships are rarely seen. Jt 
11ppcnrs. however. that gabbroic rocks are invruiably in con
toct with pyroxcni1ic roe.ks toward the COf'C of the complex. 
and inconroct withcounuy rocks externally. Where the con• 
tnct between gabbro-diorite and pyroxcnhe rock.,: i.s ob
served (llCllt Localities 6 and 7), it ls gradational over a few 
me~. This contact is typified by o decrease in cUnopy
roxc.oe and an incrca.41C in plagiocla41C a.1 the gabbroic unit is 
approached. An intrusive contact between gobbroic rocks 
and country rocks is observed in a stream-cut approximately 
500 metres east or Locality I. Here, both the main gabbro, 
dioritc body and numerous gabbroic dikes inll'Ude country 
rocks that have been mcU\J)"lorphosod 10 tower a.mphibolitc 
grade in the concoct aureole (discussed below). Also al this 
locnli1y. cxcellenl examples or primary, ccntimc1rc-scalc, 
rythmic layering an, found within the hornblende gabbro. 
This texture is formed by modaJ varia1.t()ns in plagioclase 
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and hornblende which form practically monomincralic lay
en from 2 millimetres to 2 centimetres thick (Pholo 6.3). 

Gabbroic rocks generally conlllin 10 to 40 vol\lb white 
to pnlc green, variably saussuritiud plagioclasc and cuhe
dral to subhcdml hornblende with cumulus to intcn:umulus 
textures. Locally, dark green cumulate clinopyroxcnc forms 
up to 30 vol% or the rock. Homblenditca typically lulve less 
than 5 vol% white to pale green feldspar in1cntitial to large 
(up to 2 cm) cumulus hornblende. In places, these rocks 
enclose pods of feldspathic clinopyroxcnc homblcnditc 
with up to 50 vol% dark green clinopyroxene. 

In thin section, the gabbroic to dioritic rocks arc seen 
to be intensely altered. Pale green, plcochroic hornblende is 
locally altered to chlorite, clinopyroxcocs arc partially to 
completely transformed 10 unolite, and pl•gioclasc is almos1 
completely saussuri1iud. Plagioclase rclicts with aJbhe 
twinning are observed rarely. Minor phases include cuhc
dnil magnctile (up to 3 vol%) and aparllc (I vol%) with 
c:·umuhuc te.xturcs. Epidotc is found as euhcdrul crystals in 
opcn·spacc fillings as well as in grnnularaggregatcs forming 
part or the plagioclasc alteration. 

MINOR INTRUSIONS 
Minor intrusions within the comple.l include dikes of 

dunite, wchrlite, olivine clinopyroxcnite and hornblende 
plagioclasc pegmatite. With the exception of the la!ter, these 
dikes ~ mincralogically identical lO the main Jithologic 
unilS or the Wrede Creek complex, which they intrude, and 
nppea.r to be rooted entirely within the intrusjon. 

ULTRAMAFIC DIKES 
Uhramafic dikes composed of dunite. wehrlitc and oli· 

vine clinopyroxenlte. averaging approximately JO centime,. 
i.res in width, are round throughout the duni1e body. but 
appear 10 be most common near the dunite<linopyroxenitc 
contact. Dunite and oUvine wehrlite dikes that intrude oli• 
vine clinopyroxcnite near the dunitc-cUoopyroxcnjtc con· 
tact arc particularly well exposed nl Locality 5, 3Dd locally 

Pho<o 6.3. Magmatic. ocnlimdze•scale layering in hornblende 
ga.bbn> in a ~ut approximately SOO metres cast of Localil)' 
I in Pigun: 6.3. 
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inco,porate xenolilh$ or clinopyroxenite wallrocks. Also at 
lhis locality, olivine clinopyro.xcni1c dikes cut earlier dikes 
of olivine wchrlitc. attcsdng to a rather complex crysuil
liz.ation history. ln areas where 1hese dikes occur in high 
concentration (•.g. Locality 5), there is a resemblance to the 
wehrlil.ic/clinopyroxcnitic mixed units de.scribed rrom the 
Polaris complex (Chapter 8). 

In thin section. dunite dikes .,.. seen to be composed or 
equigrnnulnr olivine crysll\ls (0.5 mm) whkh poikilitically 
cnclosesmaUcr grains ( <O. I mm) or subbcdral chromite that 
locally fonn up to 5 vol'lb or the rock. Olivine is variably 
scrpcntini7.Cd along closely spoced mierofrnctures. 

In olivine clinopyroxenite dikes, olivine occurs as 
glomerocrystic aggregatex (0.5 mm) and as single crystals 
poikolitically enclosed by l"'lt• clinopyroxencs (up to 2 cm 
in diameter). Olivine is typically completely serpcntini7.Cd. 
In olivi_oc clinopyroxcnilc dikes near the dunitc-c.linopy
roxenicc contact a1 Loca111y 5, olivine crystaJs appear to be 
cnt.i:rcJy cumulate in origin. whereas olivine crystals in the 
hos1 cli.nopyroxenite have bolh cumulus and in1ercumuJus 
leXlllfCS. 

PEG MA TITE DIKES 
Buff.white weathering. hornblende plagjocla.,e dikes 

with pegmatitic 1ex1ures range from I 10 5 meues wide t'u'Kt 
appear restricted to the dunite. ~y ore characterized by 
fresh, cuhcdral. black hornblende crystals that measure up 
10 20 ccntlmctrcs long and rorm 5 to 80 vol% of I.he rock. 
Pale greenish white. variably snu.ssUiitized plagioclasc 
ronns the remainder or the rock, together with accessory 
opaque oxides, apatite and sphenc. Contacts between the 
pc:gmaritc dike.~ and the dunite are everywhere sharp. 

CONTACT AUREOLE 
Metamorphism assoc-jated with intrusion or the Wrede 

Creek. complex is rcOccted in 11.n ampbibolitic contac1 aure
ole developed in volcanic rocks or the Taki• Croup. The 
aureole is variable in width but is mos-t cX1cnsive at the 
soul.hem end of the complex where it is up t·o 400 metres 
wide. Sparse ouccrop along the eastern margin of the com· 
plex shows some evidence or contacl rnctamOrphism. al
though the aureole docs not appear 10 be as extensive as th>t 
10 the south. Orillholc dall\ from the southcm end or the 
complex suggest that the intru.Sive contact djps gently 101he 
south (Wong" al .. 1985). The relatively wide mell\rnorphic 
aureole in this area may therefore be the surface expression 
or. contact at shallow depth. 

In band sample. hornblende homfcls is dark grey 10 
black. and fine gmined. White-weathering subhcdr11.I feld
spar tu'KI rare cuhedral augite pseudomorphs help to distin;• 
guish this rock as a P"" or the wallrocks. In thin section,, 
pleochroie green to blue-green hornblende or actinolitic 
hornblende crystals rcach I millimetre in length nnd com· 
prises 50 to 75 vol'lb or the rock. The matrix comprise.< fine
gmined g,unoblastic feldspar, acicular actinolite and opaque 
oxides. Actinolitic amphibolc probably formed in part al the 
expense or hornblende as a retrograde assemblage during 
regional g.recnschist fo.cics metamorphism. 

Bull~tin 91 

Mlnlttry o(Employm4!nl aM Jnvtstmtnl 

GRANITOID INTRUSIONS 
Quartz monzonite, monzonite, quanz diorite and dio

rite dikes or Eorly or Middle to possibly Late Jurassic age 
intrude both the Wrede Creek complex and itS hostrocks. 
These dikes vary from 2 to 250 mcu-cs wide lllld do not ap
pear to have a preferred orientation. 

Granitoid rocb in the area weather a distinctive buff
white and are white on f'resb surfaces. Typically they arc 
medium grained and equigmnular, however. a po,phyritic 
texture is developed locally. In hand sample, black horn· 
blonde (010 35 vol%) occurs a., cuhcdral 10 subhcdml laths 
up 10 5 millimetres long. Plaglocla.,e ronns cuhcdral to sub
hcdral white to pale green crystals. Po<as.,iurn feldspar and 
quartzfonn verylincgraincd(<I mm). whiteanhcdralcrys
!l11s which are easily overlooked in hand sample. 

Thin sections of the granitoid rocks reveal 7.0fling of 
plagioclase in some samples, pan.icularly in plagioclase
po,phyritie varieties. Plagiocla.sc is moderately to strongly 
saussurit.iz.cd and hornblende is commonly completely 
pscudomorphcd by chloritc, epidote and calcite, although 
some relatively fresh varieties were found which have a pale 
green plcochroism. Where qwutz nnd potassium feldspar 
arc observed, they an: unaltered and arc intentitial to horn· 
blende and plagioclue. All minerus arc overprinted with 
very fine aciculnr actinolite which probably formed during 
upper greens.hist gr.Kie regional metamorphism. 

The southem end or the Middle(?) lu'11SSiC Acct Peal< 
pluton lie.i app.roxinllltely 3 kilometres co the nonh o( the 
Wrede Crcck complex. Accordingly, the groniioid intro· 
sions in the vicinity or the complex probably belong 10 the 
younger phue or the Copper Mounll\in Plutonic Suite. 

STRUCTURE AND MET AMORPBlSM 
Regionally, faulting is the dominant deformation 

mechanism within rocks or the Takla Croup (Richards. 
1976b: Monger. Im). Folds have been observed only in 
the less competent lithologics. Our limited structural obser
vations in the vicinity or the Wrede Creek complex shed no 
light on lhc regional structure. 

Faults manife.tt themselves a.< zones of foliated rock 
from I 10 20 mcu-cs wide. A well-developed shear rolia1ion 
parallels the northern nwgin or the complex and appears to 
be offset bybriulccrossfaulls in the south. The linear eastern 
boondary of the complex, infcmd from aeromagnctic data, 
may represent a fault contacl. Northwesterly trending faultS 
occur just beyond the western and CllStcm mnrgins or the 
complex (Wong ,i al., 1985). As discussed above. a wcli
dcvcJoped contact aureole in hostrocks ot the southern pe
rimeter or the complex provides strong evidence for an 
inlnJSive contact. The grade or regional mew.morphism out
side this aureole has 11.tLO.incd upper greensc.hist fntics. and 
has rcs:ultcd in the formation of a reladvely inconspicuous 
retrograde asscmbl.age within the contact 3u.reole. 

MINERALIZATION 
The Wrede Creek complex is associated with two un

rcfatcd 1ype." or miner.iHzat.ion. Most extensively explored 
is a porphyry copper-mo.lybdenum prospect al the southern 
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TABLE6.J 
NOBLE METAL ABUNDANCES IN n!E WREDE CREEK COMPLEX 

Loea.li1X s.moi. Descri(!!ion Pl I'll Rh Au 

Ouomi1i1e 
2 0N•l9-6006-l C,,...,hllc pod 2'8 <2 28 ) 

17 ON-89.fJ0?..6 a...,;,;,., pod 12.S <2 6 ' 16 GN-19-1027 A OwomilUc pod 2002 s 17 • 
10 ON-l9-IOOOA a..m;dtcpod ma 12 ?2 29 
) OH-89-ll002B Cluomltlt. pod 123 <2 s <1 

Ounitc 
2 ON~? Ounitc wklli.a duomir,,,rlch UlM. <I <2 <2 <I 

• ON•89-6017A Dunhe • ·lthl:a C'Jrwamil&rlch ZOOt <I <2 <2 ) 

16 ON-89· 'X1l7 8 Dunhe ,.ichtft ehtomi~ t060 19 <2 6 d 

10 ON-89-SOOOB Ounltc wldwl C'lliromiio,.ric:h zooc II <2 <2 ) 

3 ON-89-8002A [)unite ,.;thin dwomi1cHidt wnc 14 <2 <2 6) 

12 ON-19-"JOOS Dunilc 2 <2 <2 80 

s GN-19~-1 DuilUae Dike 6 <2 <2 • 
19 ON~S9-602A CatbonMiud l:Mlite $ <2 <2 • 

Wc:hrlltc and Clinopyro.xcohe 
21 ON49-8020 Wch,lf'I(. )I <2 <2 <I 

$ ON-89-<!008-2 01 ClillOPY'JWffliroC ) <2 <2 7 

8 ON49401 1 01 Oinopyro.,;milc lil <2 <2 2 

IS ON,19,9030 OJ Oioop)'T010Ult 30 <2 <2 s 
$ ON-89-d4l08-J OI CliDOp)'IOXenllle Dike ' <2 <2 <I 

Z2 ON-8940188 CliQ()p)'roAcnltt IS .. <2 2 

" ON•89·9026 Jib CliQCllP)'ro1.ct1lte 9 <2 <2 2) 

Oabbro-Dioritc 
6 GN-19-1001A Hl>-Q,A Gal,bro-di,ori1e • ) <2 9 

6 GN-¥9· 7(X178 J-fb,,CpJ. ~oitc IS 12 <2 19$ 

13 ON49-70n lh>-Cp:t ()abbtu,dion1c • 10 <2 $ 

7 (iN-89,701 1 1-fb OabbftMlioriie s s <2 10 

ON-89-6023 -..,; .. a II <2 7 

Ptgmadi.e 

' ON_.,.«l04 Hb PcsltlilUle Oite <I <2 <2 7 

II GN•l9•1001 Hb "'sm*C Dito <I <2 <2 26 

IS ON,89-loalZ Hb Pcgmadi&c, l)i};c. <I <2 <2 2) 

20 ON-89-7043Z Hb hplMPc Oib <I <2 <2 • 
INr.miott U.Iu an J ppb Jo, Pl OM AM." 1 ppb for Pd and RA. $omp/,: totdllllu aw~°" F(&Mre 6.J. 

iUti,,WuiC!ftr. OL oli'fflV: Jib. ltombl.fflM: Cpx. dlN>yro.uM. 

end or the complex. The scoond. discovered in lhis smdy. is 
represented by platinum cnrichrnenl within chromitite lay
er$ in the ullr.lmafic rock$. 

CHROMITE AND PUTINUM 
Chromite is restricted 10. and loc•lly abundant in. the 

dunilt: core of the inuu.don where ii forms disseminations, 
pods and schlicrcn. 1bc m3.in chromitite outcrops, however. 
lock surface continuity but have not been tested al deplh. 
Geochemical anolyses (discussed below) indicate lhnt these 
chromitites a.re significantly enriched in platinum. Pladnif
crous chrornidtcs arc now well known in other Alas:kan--1ypc 
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bodic.< in British Columbia. 004llbly the Tulamcco complex 
(Chapters 9 and I 0). 

SULPIITDES 

Wong e1 al. (198~) h•ve described sulphide mincrnli· 
zationat the southern end or the complex. The sulphides are 
hosJcd by diontic 10 g,unitic dikes which cut the complex. 
and also occur in the Tak.la Group and some pyroxcnitic 
rocks adjacent to the cont3Ct. Mincraliz.ation is c.xpre.sscd as 
disseminations and fracture fillings of pyrite. chalcopyrite. 
molybdenite and bomite. 1be mfoeralizcd areas are covered 
by the NIK I to 9 cloims which were stJll<cd in 1976 and 
explored by BP Mincrols Umited. Exp.lonltion of the area 
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included I :5000-scale geologic mapping, geochemical sam
p Ii n g or s oil s. stream sediments and rock. chips. 
lllJlgnetomel.Cr and induced polarization surveys. 2550 me
lJ'CS of lrenchiJlg, 3050 OICIJ'CS of percussion drilling, and 
3100 melrCS of diamond drilling. Multi~lement analysis of 
soils (Hoffman and Wong, 1986) delineated tones with 
anomalous copper and molybdenum. The most extcnsive 
sulphide mineralization was found within c.linopyn:,xenite 
and homfelsed country rocks al lhe soolhem contoct of lhe 
intrusion. The sulphide mineralization appears 10 be SIJUC· 
turnlly controlled and is most likely related 10 Jurassic g,a
nitoid plutoni.sm. 

LocaUy, di.iseminated bomile and pyril.C arc found in 
qu11rtt-carbonatc alteration zones within the du.nite. 1bc pla. 
nar nature or these zones suggest that they lll'C alteration 
envelopes surroonding faults. These wnes mny have been 
formed by hydrothermal Ouids wilh metal concentrations 
bearing lhe signature of nearby granitoid plutons. 

NOBLE METAL GEOCHEMISTRY 
Analytical results for gold. platinum, palladium and 

rhodium in 29 lithogeochcmical samples of lhe Wrede 
Creek ultramofic-mafic complex are presented in Table 6.1 . 
Somple localities are shown in Figure 6.3. All analyses were 
done by inductively coupled pla.~ma emission spcctt0mctry 
at Acme Analytical Laboratories, Vancouver. Accuracy was 
checked by in-house standards, nnd analytical precision 
{nnd any nugget effect) moniton,d by hidden duplical.CS and 
internal suandard.s.. 11,e noble metals were prcconccntrated 
by lire assay from 30-gram aliquots of 200 grams of rock 
powder (·200 mesh). 

Chromitite horizons in lhe core of lhe Wrede Creek 
complex arc markedly enriched in platinum. Five samples 
of relatively high-grade chromiti1e n>.n between 120 and 
2400 ppb platinum. Some of lhcsc $8mples also have sig
nificant abundances or rhocUum: Bll are cha.racteriud by 
high platinum:pallndium ratios, and one (Locality 10. Fig• 
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urc 6.3) oontalns some gold. Interestingly, lhe duniae sam
ples, even where collected adjacent to chromititc layers, are 
k>w i.n POE. allhough two specimens or dunite (Localitic.s 
3 and 12) have anomaloos gold (60 to 80 ppb). In general, 
pyroxenitie rocks contain low abundwx:es of POE. horn
blende-bearing varieties exhibit lhe lowest platinum:palln• 
dium ratios. and hornblende plagiocla.se pcgmatites ore low 
in the noble metals .. 1l,c highest gold abundance occurs in 
a gabbro oear lhe norlheastem nu,rgin of !be complex (Lo
cality 6) but anodicr sample from lhe same locality is mark
edly less enriched {Table 6.1). 

Apart from lhe fact that lhe platinifemusehromititesare 
confined to the dunitc co~ of the intrusion, they appear to 
have no systematic spatial distribution within the complex. 
Their economic significance is obviously strongly depend
ent upon the ooncentrulion of chromititc schUercn which. 10 
date, remruns to be more thoroughly 1.CStcd. 

SUMMARY 
The Wrede Cr.ek ultramalic-malic complex fi!S well 

into the Alaskan•type c lassification. Cumulate tex·twcs. ig• 
ncous layering, a crude concentric 1.onation and g:mdational 
contocts between ultramalic and mafic litholog:ies 11tC con·· 
sistent Alaskan-type features. The extcmal geometry oflhe 
body is poorly constrained, bUI it may represent a s1ock•like 
intrusion. At lhe oontact, Takla Group volcanic and volcani
clastie rocks have been homfelsed to lower amphibolitc 
grade. However, the contact effects have been largely over
printcd by uppe, green,chist focics regional mctAmO<phism. 

Enrichment of PGE in chromltite pods and ,chliercn is 
encouraging and should warrant funbcr cxp.loration in order 
lO determine the extent of these plaliniferous chromitites. 
Of potentially added in1erest is the pO<J>hyry-style copper
molybdenum mineraliu,tion in lhe soulhern part of !he com
plex. Renewed interest in base metal exploration may spur 
future investigation. 
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CHAPTER7 JOHANSON LAKE C01\.1PLEX 
The Johanson Lat.c mafic-ullramafic complex 

(56°34.s'N, 126°13'W) is situa~ in the Omincca Moun
tains approximately 2 ldlomclJ'eS southwes1 or Johanson 
Lake, for which thecomplu isnamcd(Figures 7.1 and7.2). 
Access to the area is by a well-1n1vellcd dirt road SlJ'ClChing 
some 400 ldlomelJ'CS north from Fort SI. James via Manson 
Creek and Oc:rmansen Landlng. An airslrip al the nortbcm 
end of Johanson Lake is in good repair and suitable for light 
aircmfl. The complex is si1ua1cd enlin:ly above lJ'Celinc and 
uccllcnl uposures are 10 be round in cuque headwalls and 
a, the crests or ridges between elevations of 1900 and 2300 
melJ'CS. Talus aprons and glacial 1111 blanket the loweulopes 
and valley Doors. 

The projecl area is covered al a scale or I :250 000 bY 
the McConnell Creek map sheel (NTS 940) and I :50 000 
map sheel 940/9. Aeromagnetic survey maps are available 

Johanson 
* Complex 

.... 

in the smaller scale (Map 77780 • McConnell Creek) and 
at a scale or I :63 360 (Map 52720 • 940/09). 

The Johanson Lake complex is distinguished from 
Olhet Alaskan-type complexes in the area by a lack of oli
vinc,ricb ullnlm8flc lithologies (duniie, wehrliie and olivine 
clinopyroxeniie). Instead, it is cbaraclerized by predoml
nantly am phi bole-bearing clinopyroxcnices and gabbro-dio
ri1e. The gabbroic rocks appear 10 be volumecrically 
dominant and contain spe.:tacUlarexamples or comb layer• 
ing as well as the more common centimetre-scale layering 
observed in the feldspathic phases of other complexes. 

REGIONAL GEOLOGY AND 
GEOCBRONOMETRY 

Geologic reconnaissance of the McConnell Creek map 
area was flfSl complelcd by Lord ( 1948) who also described 

Stuart , .... St. JomH 

0 200 

krtom1fru .,. 
Flgum 7.1. l..oution of the Johanson Lake maC,c-ulttamafoc complex. 
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Figure 7.2. Geologic ocuiog of the JooaNon Lue maf ,c-ui1nmaflc complex (modirl<d allcr ltvine, 1974b: Monger, 1977: and 

Ricbuds, 1976b). 

many or thc mineral pn>spoc!S in lbe region. Much or thc 
fflJIP sheet was bter revised by Richards (1976a, b), Monger 
(1977) and Church (I 974. 1975). The latter authors focused 
on thc Sttatigrapby and Sb'UCtllre or lbe Middle Triassic to 
Early Jurassic Takla Group which hosts lbe majority of lbe 
Alas.kan,•type complex.cs in the region. More recently. 
Bellefontaine and Minehan (1988) and Minehan (1989) 
published thc resultS or geologic studies of thc Takla Group 
in the !OUthwcstem part of the lngeniu Range approxi
mately 8 lrilomeua north or Johomon Lokc. 

The lllO$t dciailed investigations of Alaskan-type com
plexes in the region, including Johanson Lalce, have been 
made by ltvine (1974b, 1976). Granitoid lnuusloos or p,e,. 
dominantly Jurassic age in the area have been described by 
Woodswonh (1976) and Wooclswonh <t al. (1991). 

The Johanson Lalce complex u .. within Qucsnellia 
(Figwe 7.2). The Quesnel tcmne is bounded on the west by 
Sti.ldnia along the line of the Pinchi-lngenilca fault system 
(O•briclse.1985; Wheeleu,al .. 1991). ltseastemboundary 
i, ma,kcd by the Swanncll faul~ in part a southwesterly di
reeled thl'llSt zone which places Upper ProletOZOic mlogco
clinal rocks Ongenika Group) of ancestral Nonh America 
on Qucsnellill (Bellefontaine, 1989). West of the lngenika
Pinchi fault sysllOm, Takla Group lilhologlcs reach pn:boite
pumpellyillO g,ado assemblages wbcrus to the cast these 
rocks have been mewnorphoscd to the gi,:eoschist facies 
(Richards. 1976b: Monger, 1977). The pn:valoot regional 

stn1eturcs arc rcprcsenled by northwestctly IJ'Cnding, high
angle brittle faults and shear wnca. 

The Johanson Lokc complex is hosted by the eastern 
facies or the Takla Group, an undift'crentialed pacuge of 
prodominaotly gi,:enschist-g,ade, subaqueous 11lJ16c to in
tcrmcd1ate volcaniclastic roe.ts interbcddcd with minor 
sedimentary mallOrial (Richards, 1976b; Monger. 1977; 
Bellefontaine and Minehan, 1988). These rocks arc intruded 
by granitoid plutons of p,edominanOy Jurassic age, the larg
est and possibly longest-lived of which is thecomposillO Ho
gem batholith which is largely formed by Early to Middle 
Jurassic phases of the Guichon and Copper Mountain suilcs 
(Figure 7.2: Wooclswonh et al .. 1991). A coanely crystal
line bornblcndite from the Johanson Lalce complex bu 
yielded an early Late Tri.,.ic (early Cannian) K-Ar isotopic 
age on homblcodcof232±13 (2a) Ma(S1evense1 al., 1982). 

COUNTRY ROCKS: TAKLA GROUP 
Middle Triassic to Early JU111S$ic count,y rock$ of the 

Talcla Group are well exposed in nonheuterly IJ'Cndlng 
ridges at the northern and soothcastcm margins of the com
plex, and fanha south where they form a nonbwesllOrly 
IJ'Cnding ridge (Figure 7.3). At the faulted nonhem margin 
of the complex, the Tak!A Group is composed of mecavol
canic and minor mctuedimcntary (cpiclastic?) 5Ualll that 
dip to the ncxth. The predominant lilhologies arc grey-green, 
well-cleaved, plagioclasc-actinolite schb u and massive, 
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ma.fie lO in1crmediate flows that vary from aphanitic to pla
gioclase augite porphyries. In lhin section, the Latter rocks 
an: seen 10 contain euhcdial to subhctlnll phenocrysts O< 
glomcrocrysts ( <4 mm across) of Lamellar-twinned plagio
clase and actinolite pseudomorphs after augite, set in a va· 
ooblaslk: matrix of plagioclase and actioollte (up 10 50% of 
Ille matrix). Textures in aphanitic nows are also g,anoblastic 
and, locally. actioollte is pseudomo,phous after rare mafic 
phenocrysts (up to 2 mm in leoglh). Relict igneous plagio
clase in lhese rocks commonly exhlbits subgrajn bouodaries 
n.nd shows only incipient aJteration lo clay m.inen.Js. 

In the soulhem pan of the map area, the Talcla Group 
contains dark grey to rusty wealhering, hornblende,augite
plagioclase--phyric lavas, massive crystal and crysial-lilhic 
tuffs. volcan~ breccias, altered arnygdaloidal mafic nows. 
and lhickly bedded. greenish grey. silicificd siltstoncs and 
mud.stones. TI,esc rocks have similar textures and metamor
phic mineral assemblages to lilhologies to Ille OO<lh. Graded 
bedding has been observed locally and suggests lhat the 
rocks are the right way up. The proponion of rusty wealh
ering outcrop varies aecorrung to Ille abundance of pyrite. 
which locally reaches IO'h of Ille rock, and occurs as dis
seminations and in quanz veins. On lhc whole. the country 
rocks of Ille Johanson Lake complex resemble Taki a Group 
volcanic and volcaniclastic sequences north of Johanson 
Lalce deseribed by Bellefontaine and Minehan (1988) and 
Minehan ( 1989). 

J OHANSON LAKE COMPLEX: 
MAFIC-ULTRAMAFIC ROCKS 

1l'IC Johanso.n Lake mafic-ultramafic complex under
lies an area of approximately 4 square kilometres (Figure 
7.3). The major areas of outcrop arc a prominent unnamed 
peak (2327 metres) in the southern pan of the complex and 
several nonheasterly to nonherly trending ridges of rugged 
to gen Ile relief. 

Previous work by Irvine established the predominantly 
gabbroic nature of the complex but showed a large unit of 
olivine clinopyroxenite occupying the soulheastem pan of 
Ille body (Irvine, 1976, Figure 15.3J). Howevc,, lhc area in 
question is underlain mostly by hornblende dinopyroxcnite 
and clinopyroxcnc homblendite wilh mioorclinopyroxcnite 
and melanocratic gabbro. 

We have subdivided the complex into Jwo main 
lithologic units : clinopyroxene and hornblende.rich 
uhramafic rocks with minor melanocratic gabbros; and 
homblende#lioopyroxcne gabbroic rocks with mioor inter
layered uluamafic lilhologies. The lauer map unit appears 
10 be the most voluminous. 

Intrusive contacts wilh Ille Taki• Group arc exposed at 
Ille southeastern margin of Ille complex. lntemally, contacts 
between the major map units are usually sharply g,ada· 
tional, as are the contacts of intcrlayercd minor rock types 
within each of the major units. 

CUNOPYROXENITE 
Small outcrops of medium grey•grccn. medjum to 

Coar5C-grained ctinopyroxenite occur al the northwestern 
extremity of the region underlain by mainly ultramafic Ji. 
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lhologles, and in gabbrok rocks at Locality 3 in Figure 7.3. 
The clioopyroxenites contain pale brown•wealheriog, ser• 
pcnti,mcd olivine gnuns (2 • 5 vol'll>) distributed evenly 
lhroughout the rock and rare pods of olivine wehrlite to 
dunite up to I metre in lcnglh. These olivine-rich pods an, 
elongate and irregular, and commonly exhibit a pronounced 
internal foliation in contrast to their massive pyro.iccnjtic 
hostrocks. In lhin section, subhedral to anhedral clinopy
roxcocs (up to I cm across) fonn an interlocking mosaic 
containing subhedral cumulus olivine crystals (5 . 10 vol'll>) 
up to g millimetres in diameter, and pale green, pleoc:hroic, 
intercumulus hornblende (5 • IO vol'll> ). Olivincs have been 
almost completely replaced by serpentine, magnctile and 
seconda,y amphibole (trcmolite-actinolite). These olivine 
and hornblende-bearing cllnopyroxenites n:prcsent the most 
ptimitive lilholo~ in the complex. 

HORNBLENDE CUNOPYROXENITE A.ND 
CU NOPYROXENE HORNBLENDITE 

A complete gradation exists between cHnopyroxenite. 
hornblende clinopyroxenite (<50 vol'll> hornblende) and cli
nopyroxcne hornblendite (<50 vol'll> clioopyroxenc) in Ille 
ulttamafic lilhologies in Ille soulheastern pan of Ille com• 
plex. These rocks are medium to coarse gnuned and weather 
medium grey-green to dark greenish grey, depending on Ille 
clloopyroxcnc:amphibolc ratio. In thin section. hornblende 
crystals (up 10 3.5 cm) poikllltically enclose clinopyroxene 
and appear to be replacing corroded pyroxene rellcts. Iron
titanium oxides. largely magnetite. occur in small amounts 
(<5 vol%). Clinopyroxcncs have been partly replaced by 
actioolite-tremolite, and Olber secondary minerals include 
minor calciee and epidote,, These ultramafic lithologics 
grade lhrough melatlooratic gabbros into surrounding gab
broic rocks. 

GA.BBROIC TO DIOR/TIC ROCKS 
The gabbroic to djoritic map unit in Figure 7.3 oonrajns 

significant proponions of in,erlayercd hornblende clinopy
roxenitcs, clinopyroxene hornblenditcs, hornblenditcs and 
their re.ldspalhie equivalents. Gabbroie pods an: quite com· 
mon wilhin lhese uluamafic Jilhologies. The dominant rock 
type is medium-grained to pcgmatitlc hornblende gabbro O< 
diorite that wealhers pale to dark grey or grey-green, and 
locally contains rusty zones rich in pyrite(2· 3 vol%). Horn
blende cllnopyroxene gabbros occur locally and contain as 
liule as 20\I\ arnphibole and up 10 40\I\ clioopyroxenc. A 
complete gn,dation exists between lhesc rock types. 

The gabbroic unit is characteriud by two types of lay· 
ering. Medium-grained cquigranular gabbroic rocks may 
exhibit centimetre-sea.le modal layering comprising alter• 
nating hornblcndc:lx:linopyroxcnc and plagioclase-rich ho
riwn• (Photo 7. I). In many places, pcgmatitic zones hllve 
developed spectacular comb layering defined by acicular 
hornblende crystals up to 20 centimetrcS in lcnglh (Photos 
7 .2 and 7 .3). Almost invariably, arnphibolecrys1als arc pref· 
ercnlially orienled at high angles (70.80°) to Ille trend of Ille 
layering. These comb-textured layers generally alterrtate 
wilh man: equigranular. fcldspathi<: layers (Photo 7.2). The 
boundaries between layers arc curvilinear and sharply tran• 



Photo 7. I. Centimetrc~,calc layering formed by modal variations 
in plogiocluc and amphibolc in hornblende ga~ro-diori1c. Mag
net is 11 centimetres long. 

Pbolo 7.2. Comb IA ye ring in hornblende ga~ro-diorile formed by 
acicubr tmphibo&c crystaJs orien~ ntany perpendicular to more 
equjgranular. ccntilnette,,scalc layer,. 

sition:d. and the tenninations of large prismatic hornblendes 
locally penclr81C the adjacent layer (Pho<o 7.3). These fca
tu.n:s suggest !hat comb loycring developed by in situ crystal 
growth under conditions where silicate melts become peri
odically supe1Saturated in ampbibole. 

ln thin sect.ion+ the gabbroic to diorilk rocb contain 
subhcdral. brown to deep green plcochroic hornblende (20 
• 50 vol'At). subhcdral to anhcdrnl plagioclasc (30 • 60%), 
cuhcdral to subhedrnl clinopyroxenc (0. 40%). and acces
sory iron-tilMlium oxides (<5%), apatite and minor sphenc. 
Plagioclase is extensively saussurititcd and generally OC· 

cu.rs as intercumulu.s 311d cumulus material. Cli.nopyroxene 
invariably forms cumulus grains which are commonly par
tially altered to actinolite. Hornblende is generally a cumu
lus mineral but forms large (up to 2 cm) poikilitic 
in1ercumulus crystals in a rare variety of homblende
megacrystie gabbro. Magnetite. opatite aod spbenc form 
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Phoco 7.3. Well-<lcve.lopod comb layering in eoam-gmn«l to 
pcgmatitic homblmdc p.bbRHliorite. Note penetration of ldjo• 
CUil fcldspathic layer by Luge amphibolc crystal 10 right of magnet. 

euhcdral cumu.lus crysta.ls up 10 I millimetre in length. 
Quartz may occur in minor amounts (<S'lb) in the ground
mass of hornblende gabbros and appcan to be largely pri• 
mary. 

HORNBLENDE-PLAGIOCLASE 
PORPHYRY 

A medium grey, fine to medium-grained, porphyritic 
dioritic rock is exposed al the southern margin of the com· 
plex (Figure 7.3). It contains subcquant saussuritiud pla
gioclase (40 vol%). acicular hornblende crystals partly 
altered to biotite and actinolite. and minor quartz (S'At). Lo
cally !he rock is $hcarcd and enriched in chlorite and epidotc, 
and cut by quartz veins. Intrusive contacts with coarse· 
grained gabbroic rocks arc sharp and the porphyry contains 
irregular gabbro xenolilhs (cognate?). Thin (1 to 2 cm) feld· 
spalhie veinlets cut the porphyry and adjacent gabbroic 
rocks and may r,:prcscn1 morediffcn,ntiated ~idual liquidS 
derived from wilhin the complex. The porphyry is distin
guished from the adjacent quartz diorite/tonalite pluton by 
its more mcla.nocrutic charac::tcr. and a.ppears to represent a 
late marginal phase of the Johanson Lake complex. 

MINOR INTRUSIVE ROCKS 
Narrow dikes of homblcndc·rich gabbro or d.iorite, 

hornblende pegmatilc and fine-grained fclsitccut malic and 
ultramalic lilhologics of the Johanson Lake complex. Horn
blende plagioclasc pegmotitc dikes up to 3 metres wide cut 
clinopyroxcnc homblcndites interlayercd with g•bbroic 
rocks. Prismatic hornblende crystals (up 10 15 cm long) are 
commonly arranged haphazardly in the centre of the intru
sion but may lie p'1Bllel to waUrock conlllcts near the mor
gins of the dike. These rocks are compositionally identical 
to the comb-layered pegmatite zones of !he gabbroie unit. 

Dark grey-green melanocratic microgabbro or mi· 
crodiorite diltes less lhan a mcin: wide arc observed locally. 
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They consi$1 almost cn1ircly of $aU$$Uritizcd plagiocla$C and 
hornblende variably altered to ac1inolite. Most textures are 
cqujgnu,ular allhougb a few dikes conlain luger crystal$ of 
hornblende (up 10 2 mm). These dikes an: cbarac1erizcd by 
n conspicuous alignment of hornblende prisms puallel lo 
their margins. 

White to pink-weathering, aphanitic felsite dikes up to 
0.5 metre wide cut gabbroic and ultramafic rocks alike. 
Mafic minerals form less than 5~ of the rock and have been 
replaced by epidote. chlorile and carbonate. The origin of 
these rocks is unccttain but they bear a strong resemblance 
10 rather widespread feldspathic veinlelS tha1 represent leu
cocratic differentiates of the gabbroic rocks. 

A dike-like body of grey-green. medium-grained horn
bkndegabbm0<diori1e intrude, volcanic rocks of the Takla 
Group sooth of the Johanson Lake complex (Figure 7.3). 
The rock contains cuhedral prisma1ic hornblende (50 vol~) 
:ind subequan1 plagjoclase laths up 10 2 millimetres long set 
in a fine-grained recrystallized fcldspathic groundmus. 
Amphibolecrystal$ define a pronounced now fabric $Ubpat
allel to the contacts of the intnlSion. Plagioclase is saussuri
tizcd :ind hornbknde partly replaced by actinolite. Euhedral 
to subhedral magnetite and apati1c <>cxur as accessOf)' min
eral$. and secondary pyri1e (I - 2 vol~) is disseminated 
throughout the rock. This intrusion is probably coeval, and 
may be cogenetic, with hornblende-rich gabbroic rocks of 
lhe Johanson Lake Complex. 

GRANITOID ROCKS 

A large body of quartz dioritc to 1onalite delineates 
much of the western and southern margins of the Johansen 
Lake complex. l.ntrusivc contacts with lhe Ta.kla Group are 
well expo<ed in the ncr1hcm and southern parts of the map 
area. but contact relationships with gabbrote rocks arc not 
clear. We suspect that the Johanson Lake complex i$ older 
and tenllltively consider the quartz dioritc-tonali1e to be 
post-Late Triassic and pre-Late Junwic in age. 

The quarti diorite-tonalite unil 1$ • pale grey weather
ing, massive. medium-grained subcquigranular rock con• 
tnining variable proportions or anhedral quartz (10 - 30 
vol%) with subgrain mosaics. euhedral to $Ubhedral plagio
elase (45 - 55 vol%), dark green pleochroic hornblende (10 
- 20 vol~). minor bioli1c and iron-titanium oxides(<$%). 
Hornblende crysials are largely replaced by actinolite at 
their rims and $Orne biotitc appc&r$ IO be secondary. Plagio
clasc: is panly saus.suritized and disseminated pyrite i5 com
mon near fauh zones. 

A small body or pale pinkish grey weathering, medium
grained g.ranodiorirc intrudes the. western part of the com
plex. II coou,ins euhedral to subhcdral. partly $aUSSuritiz.cd 
plagiocla$0 (50vol%) upto5 millimetres in length; anhedral 
quru1z crystals (30 vol%) up to 2 millimetres across; subhe
dral to anhedral potassium feldspar (20%) up IO 2 millime
tres in length; and minor bio1i1c and 1race amounts of 
hornblende. The age of the granodiorite is uncertllin but it 
has been lenllltively 1$Signcd to the Jurusic. 
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STRUCTURE AND METAMORPDISM 
1be lack of distinctive marter horizons in the eastern 

facics or the Takla Group hampers interpn,tations concern
ing regional defonnation. The attitude of bedding could 
have resulted from folding O< rollltion by faulting. NO<th
westerly trending. high-angle fault zones bounding the 
northern margin of the complex have incO<pOt ated me12vol
canic country rocks as a thin fauh-bounded slice wilhin it. 

The grade of metamo,phism throughout the map area 
appears IO have reached middle to upper greenschist facics. 
A $ample of crystal tufT in the Takla Group near the fault 
contact with clinopyroxene hornblendite al the northeastern 
margin of the complex has granoblutic texture and a low
effl)()SI unphibolite (homblcnde-plagioc.lasc-quartz) grade 
mineral assemblage. Other volcanic rocla fatther northwest 
along the '"""" oontact have uppcrmoot greeoschist grade 
usemblagcs. Faulting and retrograde n,gional metamO<
pbism may, therefore, have obscured a weak. and u yet 
pcorty defined, metamOrphic aureole of lowennos1 unpbi
bolite grade at the mugins of the complex. 

NOBLE METAL GEOCHEMISTRY AND 
MINERAL POTENTIAL 

Analytical resullS for platinum, palladium. modi um and 
gold in 15 Ji1hogeochemical sample., of the Johanson Lake 
mafic.ultramafic complex are presented in Table 7. I. Sam
ple localities ue shown in Figure 7 .3. All 1DJ1lyses were 
conducted by inductively-coupled pl0$ma emi$Sion spec
troscopy at Acme· Analytical Laboratories, Vancouver. 
Analytical methods and accuracy are described in Chapter 
2. 

The highest abundances of platinum and palladium, 41 
and 88 ppb respectively, ue found in hornblende plagio
clase pegmatites within the gabbmic sequence.. The tenor or 
gold pcala at 41 ppb in the gabbros and rhodium is below 
the detection limit in all $8mplcs. In general, palladium 
abundanoes are higher in gabb<Oic than pyroxcnitic litholo
gies and the noble metals an, uniformly low in quartz dio
rhes. Unlike other Alaskan,type complexes in British 
Columbia. platinum shows no systematic dccn,ase from ul
tramaf IC to gabb<Oic rocks. This may be due to the relatively 
small number or $ampks analyzed O< the limited range or 
ultramalic lithologjes represented .. Another nolllble rcature 
is the relatively high 1ve111gc abundance of gold in the Jo
hanson Lake complex u a whole. 

The disllibution of noble metals bears no apparcni re
lation.ship IO the presence of sulphides (dineminated pyrite) 
or proximity to fault zones. The potential for economic con· 
ccntrations of precious metals appears to be low. 

SUMMARY 
The Johan$0n ~e mafic-ultramafic complex is a rela

tively small (4 km ) Alaskan-type intrusion hosted by 
augi1c-plagioclasc-phyric maf,c 10 int.cnnedfatc volcanic 
and volcaniclastic rocks or the Middle Triassic io Early Ju
r.wic Takla Group that forms part or Qucsnellia. The com
plex is dominated by hornblendc,,bcaring gabbroic rocks 
with lesser proportions of clinopyroxcnc hornblcndilc. 
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TABLE7,I 
NOBLE META!. ABUNDANCES IN Tlfl! JOHANSON !.AKI! COMPUlX 

Loca.Jj1~ Samele Roct 'l'Yoc Pl Pd Rh Au 

Clinopyroxenite and Homblcnd.hc 
3 QN.!9-90.3 J OI-Hb-btaring dinopyroualte. 9 ' <2 • 
9 GN-IM034 Hb dinopy,oueito 6 ' <2 • 
II GN--19-9011 Hb cUnopyrouoke 17 " " • ON-89-8032 FddspatJlic H'b ctitlopyroiccniie ' • <2 1 

12 GN-39-9009 Fddsp,Mhic Hb d inopyroxcftilC <I <2 <2 26 
ON-39-9041 FtldspMhic: Cp11: botnbktldflCI ' 

, <2 10 

Gabbro-OK>rite 
s 0N•89•S027A Jfb.Cfu; ~ilc 19 22 <2 •• 
8 GN,89-60)1 Jlb-Cpx pbbn>ocSorilc s 13 <2 .. 
1 0N,89,S02J Cp.,,Hb .--.,. 20 1 <2 41 

10 GN,89-IIOOI (.),A-Hb aibbto-ci.orilc " )) <2 22 
6 GN,89-8022 1-tb aabbto-dloric.e 1 II <2 ll 

Peg.matitc 
2 GN-t9-9034 f-lb.Pla& pttl'MliliC 8 •1 <2 21 
13 G.~·.89-9001C Hb, Plq ptgmadie .. 88 <2 21 

Q< Dk,ritc 

" ON,89-900< Mdll'lOmdc Qi diorite ' 8 <2 <I ,. GN-89-90062 Q.t dlorite.•IOo.atilC <I <2 <2 <I 

Abbm>icrrioN: 01, olMht: C,u;. c.li11(1fy,ou~: II~. Jtombl~"lk: Pk!.J. IH"tt(l!Clau; Q:. qw,n: 
0c-,«1iott limiu: I ppb(or l't ON/ Ai,; 2 epbfor Pd oNI RA. Sompl~ localiriu a,r JMWlt o, Ffl"" 7.J. 

hornblende clinopyroxenite, hornblenditc and clinopy
roxcoite. 1be pcgmatitic gabbros exhibit spect3Cular comb 
layering tha1 record.$ in situ crystal growth from supersatu
rated liquids that crystallized within the central pan of the 
intrusion. 

The northeastern margin of the complex is fault
bounded and the western and southern margins are bordered 
by o quartz dioritc 10 1onoli1c plu1on of probable Jul1lSSic 
ogc. A small body of granodiorite intrudes the western pan 
of the complex, and other minor intrusive rocks include 
dikes of microdioritc to microgabbro. fclsitc. and horn
blende plogioclase pegmatitc. 

The regional metamorphic mineral assemblages within 
the project area, which is within the eastern fa,cies of the· 
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Tak.la Group west of the Pinc.hi-Ingenika faull system. indi
cate middle to upper grccnschist facies conditions. How
e vcr, vestiges of a metamorphic aureole of lower 
amphibolite grade at the northeastern margin o.f the complex 
may have been largely obscured by faulting aod rctrogr,de 
mcramorphism. 

1bc a.bundancc of noble metals in representative sam
ples of the mafic and ullJ'amafic lithologjcs is rcl:uively low 
and there is no evidence of economic mineralization. 
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CHAPfERS 
The Polaris ullramaftc-mafic oomplex (56°30'N. 125° 

40'W) is situated 10 kilometres nonheaSI of Aiken Lake in 
the Omineca Mouniains(figun, 8.1). It is one of the largest 
Alaska.n~type intru$ions in British Columbia, second only 
to the Tulamecn complex (Chapter 9). Aecess is by dirt road 
extending some 335 lcilomecrcs north from Fon St lames 
via Manson Creek and Gcrmanscn Landing, reaching Aiken 
Lake via a well-maintained gravel road that leads 10 the 
Chcni mine in the Toodogonne River area. Ahcmatively, 
the area may be reached by flights from Snuthcrs to the 
Sturdee airstrip situated approximately 130 kilomecrcs 
nonhwest or Aiken Lake. and from then: by helicopter. The 
complex underlies an an:a of approximately 4S squan, ltll· 
omccrcs at the southern end or the Lay Range and is well 
exposed above crccline at elevations between 1600and 2200 
mecrcs. It lakes its name from Polaris Creek. a tributary of 

MinUl,y o(Emp/mynenl and ln\·estrmnl 

POLARIS COMPLEX 
Lay Cn:ek, both of which drain the wesu,m margin of the 
body and flow southwards into the Mesilinka River. 

Toe project an:a is covered at a scale of I :250 000 by 
the Mesilinkamapshcct(NTS94C)and l :50000basemaps 
(94C/S and 12). Aeromagnetic survey maps an, also avail
able in the smaller (Map 77770-Fo<t Grahame) and larger 
(Maps 90740 and 907SG) scales n,spcctivcly. 

REGIONAL GEOLOGY AND 
GEOCHRONOMETRY 

The first systematic geological mapping or the Ai.ken 
Lake an:a was completed by ArmstrOng ( 1946). A!IT1$trong 
and Roots (1948). and ROOIS (1954). Earlier. Lay (1932) had 
examined manyofthemincralpn)Spectsin thcrcgfon. More 
recent mapping in the Aiken Lake area and further south has 
been n:poned by Ferri" al. (1992a, b: 1993a. b). The first 

$1. Jomn 

0 200 

ltllomet,u ,,. 

Figu.rc 8.1. Location or the PollU'\$ ultn..maf.c.rnafx: complex. 
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deuliled observations of the mafic and uJtram.aJjc rocks of 
lhc Polaris complex wen, made by Roots (1954). Modem 
petrologic studies wxl more detailed mapping of the com• 
plcx were completed later by Irvine (1974a: 1976) and Fos· 
tcr (1974). 

Toe Polaris complex is lhe largest of a number of Alas
kan-type bodies in lhe region lhat intrude Quesnellia (Figure 
8.2). It lies at the eastern margin of lhe Harper Ranch Sul>
terrane of Quesnellia which is separnted from Stil<inia and 
Cache Creek Tcnane to the west by lhc Pinchi-lngenika 
fault system wxl bounded to the cast by the Swanncll Fault 
(Gabrielsc, J98S: Wheeler e, al., 1991). The latter fault 
places variably me1M1orphosed, Paleozoic to Upper Pro
terozoic pericratonic rock.s of the miogeocline (Cassiar Tct· 
rane) in thrust contact with QucsoeJJia (Mansy and 
Gabrielse, 1978: Bellefontaine. 1989: Ferri., al. 1993a, b) 

Mafic and ultmmalic rocks of the Polaris complex and 
smaUcr satcUitic bodies intrude lhc Lay Range assemblage. 
a structumlly complex sequence of arc-derived, predomi
nantly elastic and volcaniclastfo rocks or greenschist or 
ower grade assemblages (Monger, 1973, 19n: Richards, 
1976a, b: Irvine, 1974a) 1h01 hllve been tentatively corre
loted wilh the Upper Devonian 10 Upper Permian Harpc:r 
Ranch Subterrane considered as basement 10 Ques:nellia 
(Monger</ at .• 1991: Wheeler and Mcfeely, 1991). ), Ferri 
<1 al. ( I 993a) informally subdivided lhc stratigraphy of the 
L.oy Range assemblage into a Mississippian(?) 10 middle 
Pennsylvanian lower sedime.ntary division and a Middle 

Pennsylvanian to Pcnnian upper ma.fie ruff division. Newly 
recognized Upper Devonian to Lower Mississippian sedi· 
menuuy and pyroclastic stralll exposed along the eastern 
margin of lhe L.oy Range form lhe upper pan of a westward· 
djpping homoclinal succession of PaJcozoic strata thlll have 
been traced southwards into the informally named Big 
Creek group (Figure8.3: Ferri <1 al., 1992,,). The Big Creek 
group is underlain by a. succession of Middle Devon_ian and 
older, variably dolomitiz.cd carbonates that pass downwards 
into Lower Cambrian fine•gmincd silic-iclastics. including 
orthoquartzite, described in dewl by Ferri and Melvllle 
(1994). Theconllletbetwecn lhc Big Ouk and older Paleo
zoic and Upper Proterozoic succession appears to be (au.Iced 
lhroughout most of lhe Swanncll River area (Figure 8.3). 

The age of lhe Polaris complex is not well established 
by previous K·Ar dctcnnin:nions. Potassium.argon dates on 
biotite and hornblende in a "pcridotitc" yielded Jurassic iso

topic ages of 167"'9 (20) and 1SMl5 Ma (Wanless <1 al .. 
1968). These dates have been considered too young by most 
worken who hllvc stressed lhe spacial and petrological as
sociations or Alaskan·type compkxes in British Columbia 
wilh Upper Triassic 10 Lower Jurassic Talda-Nicola,Stuhiru 
volcanic rocks of Qucsncllia and Stiklnia (e.g., Monger, 
1973:lrvinc. 1974b, 1976:Woodsworthetal .. 1991).New 
U-Pb dates repomd below conr11m these inferences. 

~~l0il'AU;:02QC 
tattc a..v •~s, .. !11.~c (K()()Tt:1'Ar 1r1ou1vc1 
~ "'•'•"'°I'""•"'""' 0,,,11 M•'o•oko.,!c •oc1<1. ~-,c~o1.,..,. <1 t~ ~c" 

lotC('tlO ,~ p• Mo,..l-.ot1tl, (CAS!IIAR. 1ERRJ.Jo'£J 
r-i ... ~ u o!Nte,.,,,.,. ~ ""• '..,ol«lfo!c •o,c:h 
L___J (ll'c::..;du °""""1-.i,1• ~d v • n •' 

,,.,., wo,:,.,,t,,,, Ct"1'1pit ,) .............. 
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Figure 8.2. Geologic setting or the Polam ultramalic• mafic comple, ( modif ocd after lrvi n<, 197 4b; Monger, 1977: and 
Richards, 1976b). 
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Figure 8.3. Generalized geotogy or the Polaris uttrnm.afic.mafic complex. A·B and G,C' -o· -0 indicate location of cross-sections in 
Figure 8.4. Inset shows location of Figure 8 . .S. 
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COUNTRY ROCKS: LAY RANGE 
ASSEMBLAGE 

R001$ (1954) noted thill rocks which host the Polaris 
complex form 3 westward-dipping (40-50°), wes1ward-fac
ing homoclinal sequence (Maps 3 and 4 in pocket and Fig· 
urcs 8.3 to 8.6). The Lay Range assemblage is cnt.ircly 
fault-bounded and internally composed of a series of nonh, 
west-tn:oding fGult slices (Monger, 1973) and n:cumbcn~ 
nonheasterly verging folds (Fem tt al., 1993a). Nonhwest 
of the Polaris complex at the marg.in of the Lay Range, ex, 
posurcs of the lower scdjmcntary division comprise fine
grained elastics, chcn. heterolilhic conglomerote. li~tone 
and lesser rhyolitic tuff and quartzite of probable conuncntal 
derivation. Carbonates in this p11<kage have yielded mid
Pennsylvanian fossils, although younger Paleotoic Ot' low
crmosc Mesotoic rocks may also be p,esent (Monger, 1973: 
Monger and Paterson, 1974: Ferri eta/., 1993a). The ma~~
ultrnnufic rocks are hosted entin:ly by the mafic ruff div1, 
sion which comprises ma.inly ma.fie to intermediate volcanic 
brcccia and nows, well·bcddcd crystal and Jithic tuff and 
volcanic wackc. luscr elastic roclc.s and carbonate, and rare 
rhyolitic ash-now tuff. The pyroclastic rocks and tuffna:ous 
scdimcnl$ an: generally fcldspathic and locally conlllln cJj. 
nopyroxcl\e, hornblende and rare volcanic qurutt. 'The nows 
an: locally pillowed and arnygdaloidal, and commonly carry 
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plagioclasc and clinopyroxenc phenocryS1$. not unlike their 
countcrparu in the younger Tatla Group. 

Uthologics along the western margin or the complex 
are thickly t0 thinly bedded argillites, sill$toncs. sandstones 
and minor carbonates, Jithic-crystal tuffs and massive lava 
Dows. Grcy,grcen thinly bedded or laminated volcanogenic 
sill$tO<tCS and fine-grained wackes are well exposed along 
the western margin of the complex where they (O<m some 
or the highest pcalcs. Sedimenlllry fcatun:s such as graded 
bedding, c:hanne1 scours. load and flame structures. and 
cross-laminatk>ns indicate tops to lhe west Locally. the suc
cession contains chocolate-brown mudstones and thin (<0.3 
metre thick:), lcntkular. impure carbonaw chanc1cri7,.td by 
brown-weathering rinds. At one loca.lity (17, Figure 8.5). a 
thin (0· 4 m), mediumgn:y layer of crystal-rich, noowelded 
ash-Dow tuff eontllins rip-up clasl$ (up 10 12 cm in length) 
of grey-green silmonc thil1 an: weatJy imbricated and pn:f
erentiaJly oriented in the direction of Oow. 1be top of the 
deposit is reworked and the basal pan exhibits normal grad· 
ing and has seoun:d underlying silmoncs. Thus. it •PF 
to have been emplaced in 3 subaqueous near-shore env1ron
mcnL 

Country rocks exposed ac the nonheastem margin of 
the complex include black, fissile argillite and phyllite with 
inrcrbcddcd, line-gruincd Jithic ruff and pale gn:ycarboonte. 
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for location. 

Al the southeastern margin. black phyllitc and massive. 
aphanjtic to porphyritic lava., of mafic to intermediate com
position lie in sheared con1oc1 with serpcntinized dunire. 
'The lavas locally enclose eonccntracfons of cognate .xcno
lilhs (up to 8 cm kross) of hornblende gabbro, homblenditc 
Md feldspalhic homblendite In • homblcndc•phyric host. 
These rocks appear to have hornblendc-phyric andcsitic 
countcrpal1S occurring as dikes in Lay Range assemblage 
itrata overlying lhc intrusion. 

POLARIS COMPLEX: 
UL TRAMAFIC-MAFIC ROCKS 

1be Polaris ultramafic•mafic complex is an elongate 
sill-like body 14 kilometres long by 4 kilomelte$ kross at 
its broadest point, and exhibits a well-developed contJlCt 
metamorphic aureole. lls northwesterly trending elongation 
isconfonnablc wilh !he regional suuctural grain. The nonh
em and soulhem terminations of !he body arc largely ob
scured by glacial drifL Farther nonh in !he Lay Range, lhin 
sill-like ultramafic in1rus.ioo.s. presumably coeval with the 
Polaris complex, were mapped by Roots (1954). However, 
the complex does not appear to have a large subsurface ex
tension judging from ilS distinctive l'JCn>magnct.ic anomaly. 

All of !he lilhologies that characterize Alaskan-type 
complexes arc we.JI represented in !he Polaris complex (Fig
ures 8.3 10 8.6). These include dunite. olivine wehrlite and 
wehrlite, olivine clinopyroxenite and clinopyroxcnitc, horn· 
blcndc clinopyroxcni1c, homblenditc, gabbroic 10 diorilic 
rocks. late-stage pegmatites and line to coarse-gmined feld
spathie phases. As in many other Alaskan-type complexes 
in British Columbia. phJogopitic mica appears in early cu;~ 
mulatcs, including dunhc. Ultmmafic lhhologies are well 
exposed in the eastern and southern parts of the complex: 
g_abbroic 10 diorilic homblendc-benring rocks in the west. 

DUN/TE 
The ma.in mass of dunite fonns nor1hwesHrcndin.g 

ridges in !he eastern half of !he complex, •nd !he noor and 
walls of a large glacially scoured depression in !he soulh. 
Dunite weathers tl1n co pale yellowish brown and forms 
smoolh, blocky ous:rops !hat typically loct • penetrative 
fabric. Joint plones arc commonly coated wilh p3le green to 
bla<:k serpentine !hat locally oppears asbestiform. F~h sur• 

faces V1lf)' from dark greenish grey to blkk as !he degree of 
scrpentiniulion increases. Complctescrpcntinization. how· 
ever, only occurs close to fault zones and. on !he whole. 
olivincs arc wen preserved. In thin section. lhc dunit.e is 
generally medium grained and composed of weakly ser
pentini7.ed olivines (<'.l mm) Md minor chromite (I vol'J>) 
that exhibit cumulate textures, accompanied by minor rare 
cumulus and mon: common intercumulus phlogopite. 

CHROMJTITE 
Concentrations of chromite are confined 10 the dunite 

c.xccpc for minor occurrences in olivine wchrlilc adjacent to 
dunite (Figure 8.3). Chromititcs occur as inegular pods, ceo
timetre·s.cale schlicrcn. and millimeuc-thick, planar to 
curved laminae. Schlicren commonly range from 6 to 15 
centimetres in lc.nglh and O.S to4centimetres in width; lami
nae can rarely be traced for more lhan 0.5 metre. Roots 
( 1954) found mon: extensive chromitite horizons measuring 
almost 4 melte$ long by 12 centimetres wide. Locally, co
hcre,n1 angular blocks of laminated chmmitite up to 30 cen
timetres across arc found juxtaposed in mndom orientation 
(Photo 8.1 ). In thin section. aggregntcS of chromite crystal.s 
commonly form networb or ring-like structures !hat pat• 
tially 10 completely enclose cumulus olivines. Similar tex
tures were documenced by Clark (1978) from another 
Alaskan-type inrrusion. the Tumagain River complex in 

• 

Phoco 8. I. Disrupccd bloct of la~ chromiti1c in dunitc eu1 by 
lhin dvnitc dikes. 
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northern British Columbia. The irregular geometry or podi
fonn ch.romititcs. pinch-and-swell nacurc or schJieren. and 
random orientation or layered chromitites arc due to remo
bilization or previously dep0s:i1ed chromite-rich cumul:ues 
early in the crystalliution history of the intrusion. 

OUVJNE WEHRLJTE AND WEHRLITE 
Extensive outcrops of wehrlitic rocks arc found in the 

northern and central part< of the complex and prompted sub
division in10 mappable units or olivine wchrlitc (90 - 6S 
vol% olivine, 10 . 3S vol% clioopyroxeoc) and wehrlite (6S 
. 40 vol% olivine, 3S - 60 vol% clinopyroxeoc: Figure 1.2). 
Wehrli tic lithologies weather pale brown to medium reddish 
brown and arc massive to well jointed and weakly scrpenti
nited: fresh surfaces are grey-green. These rocks commonly 
have a knobby texture due to recessive weathering of olivine 
relative to clinopyroxenc·, ln places. anbc:dral to subhcdra.l 
mcgocrystic clinopyroxcne.i (up 10 8 cm across) with we11-
dcvclopcd poikiHtic textures impan a distinctive lustre mot
tling to the outcrop (Photo 8.2). Oliviocs typically occur as 
cumulus crysaals whcrcas clinopyroxencs exhibit intercu
mulus and cumulus textures .. 11,esc primary silicates arc ac
companied by acc;cssory chrome spi.ncl and trace a,nountS 
of phlogopite. Rarely, wehrUtk mineralogy appears to have 
fonncd by infihralion of clinopyroxcnc-rich magmas into 
an olivine-rich hos1. resulting in the fonnation of anas1omos
i ng chree-dimcnsional networks o f coarse-grained 
clinopyroxcnlte in the hostrock (Photo 8.3). 

OUVINE CUNOPYROXENITE AND 
CLJNOPYROXENITE 

Outcrops of olivine clinopyroxcnilc and clinopy
roxe-n.i1e arc widely distributed throughout the ultramafic 
portion of the intrusion. Wealhend surfaces arc pale green 
to pale greyish green where enriched in clinopyro,ccne: oli
vine-rich areas appear rusty brown. The rocks arc usually 
medium to coarse grained (3 to 10 mm) and grey-green on 
fresh surfaces. In pegmatitic ioocs. clinopyroxeocs reach 8 
centimetres in length and are rarely poikilitic. Locally, lhese 
zones contain olivine-rich areas or inclusions or wchrlite 
(<20cm across) that are erotically distributed and moule the 
ouu:rop with rusty brown patches. In thin section. euhedrol 

Phoc.o 8.2. Meg.aety.stic ~·chrllt.c exhibiting lustre mouling caused 
by Jubhcdnt.l poikilitic clinopyroxcnc. Magnet is 11 centimetres 
long. l'hol<> by C. Nutlllll. 
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to subhedral clinopyroxeocs are commonly schillered and 
have inequigranular lCXtures: most olivines appear subhe• 
dral aod have cumulus or intcrcumulus texlu!C$. Phlogopitc 
usually occurs as an ac:oessory phase. Opaque oxides are 
nombly reduced in abundance in olivine clinopyroxcnites. 
atKl appear to be absent altogether in clinopyroxc.nitcS. 

MIXED WEHRUTIC-PYROXENITIC UNITS 
Mappable zones of intennixcd olivine clinopyroxenitc 

to clinopyroxc.nite and wehrlitc to olivine wehrlitc (and 
rarely dunitc) are found locally near the margins of clioopy· 
roxCJ'litc or wehrlitic bodies. They are particularly well de· 
veloped in the central and northern par1S of the intrusion 
(Figures 8.3 and 8.S). ContllClS between the rock types are 
generally sharp. The most common type of mixed unit com· 
prises a chaotic assemblage of angular to subangular blocks 
of clinopyroxenite. ranging from lcs.:s than a metre to tens of 
metres in size, enclosed in an olivine-rich host. This texture 
appears to have originated either by intrusion of elinopy
roxenite magma into a semiconsolidated host. or by rcmo
bilizatjon of zones of clinopyroxenite dike injection. 
Another type of mixed zone is formed by concentrations of 
randomly oriented wcbrlitic dikes cutting clinopyroxeni1e. 
The occurrence or mixed olivine-rich and pyroxcnitic H
thologics is al$0 seen in the Lunar Creek and Tulameen com~ 
plexes (Cho pt er, 4 and 9) where they appear to have formed, 
in pan at least. by slumping of coheren1 masses of dunite or 
clinopyroxenite cumulates that were plastically deformed 
during redeposition al lower levels in lhe magma chamber. 

HORNBLENDE CL/NOPYROXENITE AND 
HORN BLEND/TE 

This map unit comprises a gradation of rock aypes from 
hornblende clin0pyroxenite through clin0pyro.c.ne horn· 
blendite 10 homblendite and fe.ldspathic homblendite. These 
homblendc-bcari.ng ultramafic rocks are almost entirely re
stricted to the upper pan or the complex where they are 
closely associated with gabbroic to dioridc rocks. Hom-
blcndc clinopyroxenite occurs as a pale green to brownish 
green weathering. medium to C03.1'$C-grained rock studded 
with black hornblende crystals. It contains cumulusclinopy• 
roxcne. cumulus or intcrcumulus hornblende. locally abun-

Photo 8.J. Wehrlitc formed by ncl veining or duni1e near con111C1 
or dinopyroxcnit.e and dunite bodies. 
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dam cumulus magnetite, accessory biotire and apatite. and 
imcrcumulus plagioclase appears in feldspathic variants. 
Homblendite exhibits a blaek. coarse-grained to pcgmatitic 
tcxl.u.re with crystals reaching 8 centimetres in length. Lo
co.lly. the rock bas a rudimentary linealioo, ora marked 1ami
n111ion of prismatic hornblende crystals with no directional 
rabric. A thin sill of megacrysdc hornblende clinopy· 
roxcnite tha1 intrudes roof rocks at the northwestern margin 
of the complex (Figure 8.5) locally displays well-developed 
ccntimetre·scalc layering of cumulus subcquan1 hornblende 
and clinopyroxcnc. Olivine ... bcaring hornblende clinopy• 
roxcnites are comparatively rare. One such unit occupies a 
narrow tnmsition ,..one between dunite-wchrlite and horn
blende cUnopyroxenite at the zoned eastern margin or the 
complex (Figure 8.4, cross-section A·B) and is distin
guished by relatively abundant phlogopitic mica (5 vol~). 

GABBROIC TO DIOR/TIC ROCKS 
The fcldspathic rocks comprise homblendei<:linopy

roxcne gnbbros and/or diorites. lbcy are restricted 10 the 
mMgins of the complex and arc most voluminous near the 
roof. They lllso form thin sills penet!llting metasedimenlllry 
rocks or the Lay Range assemblage. Outcrops are typically 
Uc hen covered and dark grey wcadW!ring~ fresh turf aces are 
medium gn:y to gn:enish gn:y depending on the degree or 
saussuritization of the reldspars. 1bc rocks are usuaJJy mas· 
s:ivc, medium grained and equig;ranular. Centimetre-scale 
modal layering fanned by llltemating omphibole and pla
gioclase-rich horizons is observed locally and. near the con· 
1acts at least, is usually concordanl with the auicudc of 
bedding in the hos-trocks. ln thfo section. the gabbroic to 
dioritic rocks are composed or cumulus hornblende and rare 
clinopyroxene. cumu]u$ lO in·tercumulus plagioclase, acces• 
sory iron•titanium oxides. apat:i1c and biotite, and sporadic 
SC<londory pyrite (<2 vol%). 

Sills intruding the Lay Range assemblage have fine· 
grained chilled murgins with crude columnar jointin,g, and 
may grade from medium-grained homblendcgabbro-diorite 
in the interior to hornblende porphyry at the contacL 

DIKES AND VEINS 
Dik.es and veins of various ultramafic lithologies and 

syen.itc to lcucomon.z.on.itc composition arc widespread in 
the Polaris complex. There appears to be no systematic ori
entation to the pattern of dike intrusion. ln large part. these 
dikes n:nect the nature of, and temporal n:lationships be· 
1wceo. major Utholog.ic units. 

Among the ultramafic rock types. centimetre to metre
wide dikes of olivine clinopyroxcni1e and cHnopyroxcnite 
arc most common, and an: found culling dunile, olivine 
wc:hrlite and wchrlite (Pho10 8.4). Dunite dikes, typically 
several c:cnlimctrcs in width. are only conspicuous where 
1hcy penetrate chromitit.es (Photo 8.1 ): thin olivine wchrlhe 
to wchrlite dikes less than 0.5 metre wide transect du.nite, 
wchrlitk and pyroxenitic unHs. The latter dikes have local 
concentrations of clinopyrox.cnc crys1.als or thc;ir margfos. a 
featun: lllso documen1ed a, the Turru,gain complex (Clark. 
1975). Thin (I • 20 cm in width), medium to coarse-grained 
homblendite t0 feldspathie homblendite dikes have been 
observed cutting dunitt. olivine clinopyroxenite, g.abbro-

diorite nnd metase&meniary strata of the Lay Range assem· 
blage. 

Leueocratic phases ranging from fine-grained, millimc· 
trc-wide feldspathic veinlets to pegmatitie homblcndc-bi
otite-feldspar:quortz veins and segregation pods several 
centimclr'Cs aero$$ arc. common within the gabbrolc rocks 
and adjacent ultramafic units. In a ridge traverse aJong sec• 
tion D' -C' (Figures 8.3 and 8.4), leucocratie dike, make 
their first appearance in dunite nnd wehrlitic lithologies and 
increase in abundance southward toward the gabbro-dJOrilc 
u.niL~. Composite dikes in the ultramafic rocks locally ex• 
hibit homblendite margins and qua.rtzofc.ldspathic cores. 
Pegmatitic homblende-feldspar-quanz segn:gation pods 
that formed by ponding or residual liquids are also common 
in hornblende clioopyroxenites neat the roof of the intrusion 
(Pho(o 8.5). The occuncnce or silico-oversaturated differ• 
entiates in the Polaris complex. particularly near the roof or 
the intrUsion. may indicate late-stage contamination by sili 4 

ceous wallrocks. 
~ overall sequence of dike inln.l$iOn, namely dunitc, 

wchrlite. cHnopyroxcnitc. homblenditc, gabbro--diorite and 
leucocra1ic residua. rence,s the gross internal st!lltigraphy 
aod general otder of crystallizaLion of major lithologic units 

Photo 8.4. Bifurcating wehrlite and cUnopyroxcnite dikes lft 
dunitc. Note lhin offshoot of clinopyroxenitc dike cutting wehrlile 
at ~n of hammer handle. 

Phoco 8.S. Pegmatitic homblcndc-rcldspor scpption pod in 
hornblende dinopyroxcnhe. 
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in the complex. locally ambivalent crosscuning relation· 
ships. such as those observed between olivine clinopy· 
roxenitC· Cl inopyroxcnite and wchrlitic dikes. and 
homblenditc and gabbro-d:iorite. point to multiple intrusive 
events when magmas of a limited range or composition co
existed. 

CONTACI' RET.AT/ONS AND INTRUSION 
GEOMETRY 

Steep contacts. rudimentary inte,mal zoning and the 
preservation of appan:nLly up.domed '"roor· rocks a1 1he 
northwestern end of the complex have previously been u.<ed 
10 suppon a s1oek-like geomelf)' for 1he in1rusion (Roois. 
1954; Irvine, 1974b; Foster, 1974). Detailed examination of 
contacl rcl:uionships in the north confinns these crosscut• 
ting relationship$ (Figu.rcs 8.5 and 8.6). However, the elon• 
gate shape of the complex, lhe nature of the western margin 
or the body where intrusive contacts are conformable with 
1he slrike and dip of metasedimenlal}' hostroeks. the steep 
westw:ird dip of zoned units at the cas1cm margin o r the 
iotrusion (Figure 8.4) and the a..fymctrical natureof lhc zon,. 
ing. all indicate that the Polaris complex is a high•level siU
Uke inlru.Sion. Postemplac<:ment deformation has tilled 1he 
sill on end such that rocks forming the ""l'oof' zone of earlier 
workers in fact are wallrocks a.t the transgressive northern 
contact of the sill. Swarms of small gabbroic 10 pyro.xenitic 
sills that intrude lhe roof zone to lhc west mimic the geome
try of lhc lacgcr intn.1sion. 

INTERNAL STRATIGRAPHY 
In general, 1he gross in1emal disltibulion or rock 1ypcs 

is systematically disposed about the mugins of the intru
sion. Dunite and oHvinc-.bcarlng pyroxenitic rocks are con· 
centrated near the base of the intrusion whereas 
hornblende-bearing pyroxenites and gabbr<Hliori1e are well 
developed near 1he roof. ln the eas1-<:en1n1.I part of the in1ru
sion. the b:i..c:e of the complex is progressively zoned down
wards from dunite through wehrlitic and olivine 
cli.nopyroxcnitc to phJogopilC:-bcaring olivine-hornblende 
clinopyroxenile (Figurc8.4). Con1ae1 relationships between 
lhe major lithologic uniis are sharp to grada1ional. 

MECHANISM OF EMPLACEMENT 
Irvine (19740; 1976) was slru<:k by 1he iniemal zoning 

(albeit complex) and evidence for disruption of layered 
chromitites and clinopyro,ceni1es by olivine-rich lithologies. 
He suggested 1ha11hese fearurcs could be mos1 satisfactorily 
explruned by diapiric rc-emplacemcJ>I of ho~ lhickly s1n1li
fied, olivine-rich cumulates in a semi-solid state du.ring re,. 

gional tcctoni.sm. We have difficulty with this hypothesis 
for a number of reasons. In lhe first place, sharp undeformed 
intrusive contacts have been identified at the base and roof 
of lhe sill. Also. rclationshipS among 1he wehrlitic and PY· 
roxenilic lithologies (i.~ .. mixed units) arc locally qui1e 
complex and record a history of multiple in,rusive events. 
As indkated earlier, the chaotic nature of mixed ultramafic 
lithologies ond rcmobiliud chromiti1e horizons can be ex
plained adcquaiely by periodic, syndeposilional mass was1-
ing of eumulatts to lower levels in the magma chamber. 
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events perhaps triggered by canhquakes and episodic 
mag.ma recharge. Furthermore, we have found no evidence 
for injection of dunite and wehrlitic lilhologies into gabbroic 
and hornblende-rich rocks which migh1 be expce1ed in lrv
i.ne's model. Rather. inlfUSivc relation.ships dicl4te the re.. 
verse. Also we note 1hc general asymmclry in the 
development or iniemol zoning: the widespread preserva
tion of cumulate textures as opposed to tectonite fabrics: and 
1he general lack of pene1n1tive fabrics both wilhin and near 
1he margins of 1he body, except where faulled. Moreovc,, 
why a hig_h-.den.tity moss of olivine.pyroxene cumulates 
would migrate "diapirically" to signiftean1ly higher levels 
in the crust rather than sink to the crust-mantle boundary in 
order 10 achieve isosta1k compensation is no« adequately 
explained. It is apparen1 from 1he mapping that 1he in1em>I 
stratigraphy of cumulates developed in .situ (i.e., with re• 
"J)CCl 10 adjacenl hosltCCb) and rcpresen11he crystallization 
products of a magma chamber in the upper crust. 

CONTACT AUREOLE 
A conlllCt aureole of amphibolite gn>de is well devel

oped in voleanieand sedimenlJltY rocb at lhe m,rgin oflhe 
intrusion. 1ne maximum width of the metamorphic aureole 
is not accunnely known, bu1 has been estimaled 10 exiend 
SO 10 ISO me=away from 1hecontac1(lrvine. 1974b). The 
ex1en1 of hornfelsed rocb may be much grcaler lhan lhis. 
especially in 1he soolh (Roois. 1954). 

1n 1he north. mc1>sedimcnlal}' rocks adjacent 10 lhe roof 
and margins of the complex have been rccrystaJJi,.cd ,o an 
assemblage of hornblende. plagioclase and quartzzbi· 
otit0%p()tassium feldspar. Large rafis and pendants ofhom
felsed mctasedimenu with well preserved bedding are 
1"""1Jy conspicuous (e.g., Figure 8.6). These amphibolitic 
rocks exhibit no penetrative sc-histosity except adjacent to 
faults. Their finer grain site and preservation of relict strati· 
ftca1ion genemlly serves 10 distinguish 1hese amphiboli1es 
from coarser grained gabbro-diorile and hornblende-rich ul• 
tramaCic rocks of the intrusion. 

A narrow contac:1 aureole developed in mctavokanic 
and mcl>dsedimenlal}' rocb has been mapped at lhe base 
of lhe inlrusion (Fi8ures 8.3 and 8.4). A pronounced mineml 
foliation is defined by amphibolc and plagioclasc:tbi
oti1e;quartt lhat crystallized under amphiboliie.grade con• 
ditions. MetasedimenlJltY rocks underlying 1he amphibolitic 
contact aureole at the northeastern margin of the complex 
(Section D' -D, Figure 8.4), exhibit a single, well-developed 
schistosity that is confonnable with fabrics in the aureole. 
This foliation is defined in lhin sect.ion by biotite, muscovite. 
ch1orite, quartz, plagk,clase and minor carbonate, This min
eral assemblage fonnedduring mid•greenschist facies meta· 
morphism. Thus. lhe grade of metamorphism appears 10 
increase sys.tematically towards the sheared ultramafic: con
coct. 

Ductile fault tones with mylonitic textures locally 
c,rosscut the footwaU rocks and may exhibil pronounced 
mincral lineations plunging s1eeply (60 10 70"} downdip 10 
1he northwest In lhin section, the myloni1ic fabric is defined 
by amphibole, plagioelase. quaru., epidotc, carbona1c and 
chlorite (retrograde?). Movemenl appears 10 have taken 
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place under upper g,unschls1 10 lowcrmosl nmphibolile
grode conditions. 

Oriented spcc:imcns were collected from metavokanic: 
and mcta.'iCdimentary rocks nruccurally below the basal 
fauh in lhe ccnlnll pan orlhe complex (I tO 2 km north or 
Section A-B. Flgure 8.4). The C/S fabrics and shear bands 
observed in ou1crop arc defined in lhin section by chlorile 
ond biotile, and quartt and plogioclasc have been dynami
cally n:cryslllllizcd in10 subgrains. These 1exmres indica,e 
th:u myloniti.1..at.ion was taJcing ploce during middle green• 
schis1 facies metamorphism. K.incmo.tic indicators reveal 
that the hangi.n.gwall moved upward along .sou1hwcst-dip
ping thrust planes. Mineral lincatlons plunging 65° to the 
northwest al lhe site of lhe C/S fabrics suggcsl lhai lhrus, 
movement. if para11el lO the stretching lineation. was toward 
lhe soulheast 

Al lhe soulheas1ern exiremity orlhe complex. !he basal 
f3ult zone places serpe.ntlnized dunite in fault contact with 
black carbonace01JS schislS con1aining po,phyroblaslS or an
dalu.<iie (chias101i1e) up 10 3 millimeires across (Flgure 8.3). 
Growth of andalwite formed in rcspon.~ to contact meta·· 
morphism. However. andalusitc po,phyroblosts have been 
ductily deformed. indicating 1h01 mo1.ion in lhe shear zone 
occurred during or after their growth. A second o.ndalusite 
locality exhibiting simllar 1extures occurs jus, beyond lhe 
souihcm tip of lhe intrusion (Figure 8.3). Andesiiic lavas 
structurally underlying lhese carbonaceous phylliles lack a 
penetrative fabric but have undergone rccrystallization of 
hornblende phenocrysts and groundmass consistent with 
lowennos1 amphibolitc•grade meuunOf])hism. 

MINOR INTRUSIONS 
lntru.sions thot have uncertain relationships with the Po

lnris complex include• sill-like hornblende diori1e body a, 
1he northwestern edge or lhe map area (Figure 8.5). a syeni
tic intrusion in lhe ccnl1111 pan or lhc complex (Flgurc 8.3), 
and ma fie dikes cu1ting mc1ascdimen1ory rocks of lhe Lay 
Range 3.sscmblage. The dioritic body is a grcy•brown 
weathering. fine to mcdium·grained rock. locally cpi· 
dotiud. wilh crys1als or hornblende, plagiocla.<e and minor 
potassium feldspar. The syc.nitic intrusion is a crcam-wcath
ering. greyish while coarse-grained rock comprising alkali 
Feldspar (pcrthitic), minor hornblende, elinopyroxcne and 
sphene. and trace amounlS of biorlle. II is considered prob-

able !hat lhe syenilic intrusions ore rclsic diffcrcn1la1es of 
lhe Polaris complex derived from liquids lhal did not expe
rience waJJrock contamination. 1he dikes are dark greenish 
grey on wcalhercd and fresh surfaces, and gcnerolly less 
lhan 2 meires wide, allhough !hey locally swell lo over 14 
meU'CS across. 1be 1hic:kcr dikcs have aphaniticchiUcd mar
gins and homblende-phyric inleriors wilh up 10 15 vol'il> 
phcnoayslS. They arc partly controlled by eas1erly orienied 
faull zones and arc largely undefonncd. appearing 10 post
date rault movcmenL 

U-Pb GEOCHRONOMETRY 
Uranium-lead analyscsortircons from lhe Polaris com

plex were done by Heaman in lhe Geochronology Labora
tory at the Royal Ontario Museum. The zircons were 
scpanlled from a qu11rt2-homblcndc,plagioclasc pegmotile 
pod within homblcnditc at the northwestern margin of the 
complex. ResullS are presen1ed in Table 8.1 and Figuro 8.7, 
and analytical techniques arc summarized in Appendix B. 

Zircons from the pcgrruitite arc quite unifonn in appear .. 
ance. comprisfog colourless fragmenlS and prisms that lend 
to beguile large(IOO µm). The 7..ircon grains analyud have 
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n:lative.ly high uranium contenlS (7SO ppm). The n:sulis f0< 
thn:c fraction., (#1-3 in Table 8.1 and Figure 8.7) indicalC a 
ligh1 clustering or the daia at 186:tl (2a) Ma (late Early 
Jurassic or early Toarcian on the cime scale of Harlaod et 
al .. 1990). This date is considered the best estimate f<>< the 
w<>n£7.S1allization age since f<>< samples this young, the 
"'°Pb/ U ages are generally more ptOCisc and accura1e. 
The U-Pb isotopic age or this pegmatite rcpresen1s the final 
siages of solidification of the Polaris complex. The ICCtooic 
significance of the 1.ircon dating iJ discussed in Chapccr It . 

STRUCTURE AND METAMORPHISM 
1be Polaris complex is contained within a northwesl

lJ'Cnding, southwcst,facing and soulhwes1-dipping homo
clinc that rcpresenu a raul1-boundcd slice of Lay Range 
assemblage rocks (Harper Ranch Subtcrrnne). High-angle. 
n<><thwest-lJ'Cnding faulis ore well exposed in the northern 
and eas1cm pans or the map area. They arc commonly 
marlted by schistose zones. crush breccias and qu:utz.-<:ar
bona1e alteration, and cue b<Nh the Polaris complex and its 
ho,;trocks. Most or these faulls have displaccmcnis or un
known sense and magnitude. 

Roofrocks and wallrccks al the ends of the sill, lack a 
penetrative toliaLion,. However. country rocks slruclurally 
beneath the compk:x, especially those adjacent to the bual 
duc1ile raull zone, arc generally highly schlstosc 0< mylonl-
1k. The increase in meLamorphic grade cowards Lhe ul-
1ram3fic con1acl, lhe presence of the regional foliation 
within the o:urcolc. and the textural eV'idcnee few the local
iwl development or mylonitic fabfics under amphibolile
gradc condhions indicate that deformation occWTCd while 
the intrusion was still hol. JGncmatic fabrics indjcatc that 
1he Polaris complex has boen transponcd ICC:tonically, 10-
gcther with its adjacent waHrocks. as an aUochlhonous 
thrust slice cmplaced eastwards onto the miogcoclinaJ mat· 
gin of anccslral North America. 

The cas1ward-vcrging s1ruc1urcs in the Lay Range 
documenled above and pieviously by Monger (1973) have 
counierpan., in the lngenika Group wcs1 or the Swannell 
raull. where they arc n,presenled by an early set or north
west-plunging. northeast-verging, tight 10 isoclinal folds 
(Bellefontaine, 1989}. The Swanncll faull is a la1c,, north
C3st-dipping. so1..nhwcst-vcrging, imbrica1e thrust tone with 
associated drag folds that cmplo.ccd vnriably me.tamor
phoscd miogcoclinal rocks on Quesnellia (Bellefonlllioe. 
1989). The timing and significance or regional deformation 
o:nd metamorphism are examined in Chapter 11 . 

AL TERA TION AND MINERALIZATION 
Faull zones in the Polaris complex and Lay Range as

semblage arc commonly ofrcc1ed by quwtt-<:orbonote oJ-
1eration and weather to a bfighl <><angc,brown rock locally 
enriched in limonile. hematile, goc1hi1e and sulphides 
(largely pyrite). Alleration of this iype develops in faulis or 
every orien1a1ion in every li1hology. but appean best devel
oped in northwcs1crly and eas1crly IJ'Cnding raull zones. In 
addition 10 quartz and rerrodolomitc, Irvine (1974a) nolCS 
1he presence orvcsuvianltc. and Roois (1954) records ank-
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erite and mariposite .. Sparse quantities of asbcstifonn scr
pen1jne arc restrk:tcd co joint surfaces and faults. 

The Polaris complex is nolably devoid of sulphide min• 
cralization. The only sulphides or l10IC arc expooed in sev
eral small reddish brown weathering OUICl'OpS of pyroxcnilic 
rocks in the central pan of the complex (LocAlity 43 in Fig
ure 8.8). Herc. ne1-1exwred primary sulphides, largely pyr
rbotitc, form immiscible blobs (up to 2.S vol,,_,} in a 
medium-grained clinopyroxenitc. Oisscminaled secondary 
pyrite occun locally in hornblende-rich ultramalic rocks 
and gabbro-diorite in omounis up to 2 vol'il>. 

Chromitite is surprisingly sparse for the apparcnl size 
of the dunite mass. For example, in the Tulamecn complex. 
which is a larger body but has a lower proportion or exposed 
dunite. chromhite is much more abundanL U.k.ewise. the 
Wrede Creek complex appears to have more ch.romitite per 
square kilometre of exposed dunitc than the Polaris in1n1-
sion. In both of the laucr Alaskan-type bodies. PGE ore OS· 
sociated with chromitiic. Evidently, the apporcnl siu: of the 
dunite body is no guide 10 its chromjce or PGE potential 
(Chapter 10). Magnetilc is confined to thehomblendc-bcar
ing ultramafic and gabbroic to diorilic lilhologies, bul rarely 
exceeds S to 10 vol% of the rock and is of no economic 
significance. 

GEOCHEMISTRY 
Analy1ic:al rcsulls ror gold, POE and other clcmcnis in 

over 130 represeniative samples or the Polaris complex and 
iis hoslroeks are presented in Table 8.2. Sampk: localities 
are shown in Figures 8.S and 8.8. Three difren:nl analytical 
methods were used i.n 1wo independent labora1ories: induc
tively coupk:d plasma (ICP) mass spccuometry. Acme Ana-
1 ylical Laboratories, Vancouver, instrumental neutron 
activa1ion analysis (INAA), lnsti1u1 Notional de la R6cher
che Scicn1ifique. Univem1t du Qutbec: and inductively 
coupled plasma cmiujon spcctromell'}', also Acme Analyti· 
cal Laboratories. Accuracy was checked by intcmational 
and in-house standards. and analytical precision (and any 
nugget errec:1) monl10<cd by hidden duplica1es and internal 
standards. All samples were prcconcentra1ed by fire assay 
from 30-gram (ICP)or SO-gram (INAA) spliisof200gmms 
of rock powder (·200 mesh). 

Additional elcmenis analytul include sulphur, nickel. 
chromium, uscnic and antimony. Sulphur is generally low 
in abundance. and reaches a maximum valUG of 4.2 wt,,_, in 
a clinopyroxe.nite (Locality 43, Table 8.2 and Figure 8.8) 
that conlllins nct-lcxturcd sulphides and has wcoldy IIJ>Otna

lou, abundances of platinum and palladium. The only other 
sulphur-rich samples of note (< I wt% sulphur) an: gabbro
diorilc and metascdimcn1ary rocks which coniain secondary 
pyri1c and exhibit no enrichmcnl in the noble meials. Nickel 
and chromium have relat..ively high abundances in 
ultramolic rocks. bu1 the latter clement is particularly sensi
tive to lhe abundance of chromite in olivine~rich rocks. The 
highcsl chromium abundances arc in chip samples or high
gJllde chromiti1e; the chromitiferous dunitcs are rcpn,sented 
by composi1e sample., or small chromiti1e schlicn:n and host 
dunite. Thus. if the PGE arc p,efcrcnli.ally conecnUDICd In 
chmmitite. as in the case of the Tulameen complex (Sc. 

61 



BriHslr Col.umbia 

TABl.£8.2 
ABUNDANCES OJ' NOBLE MITT AL~ AND OTHER ELEMENTS 

IN THE POLARIS COMPLEX AND ASSOCIATED ROCKS 

l.ocility S.unpk Ami. s N, Cr A, Sb Pt N Rh Ru •• h 0. Au 
Melhod W1 'JO; ppm ppb 

P0LAR1S COMPLEX 
Ouomidte and Chromilift:toUS Dututc 

62 GN,l!&.1032 I <I <2 <2 <10 
62 GN-88-1032 2 <0.02 1500 251955 <1.0 <0.20 <5 <5 7 <10 <5 8.70 u <1.0 
66 GN-88-1039 I 49 5 <2 <1.0 
66 GN,Si,1039 2 <0.02 2036 102308 <1.0 <.0.20 121 <5 16 24 <5 33.00 18.0 <1.0 
68 GN,88-1053 I <I <2 <2 <10 
68 ON,Si,1053 1 • <I <l 3 <10 
68 GN,88-1053 2 <0.02 1929 75 107 <1.0 <0.20 <5 <5 6 10 <5 4.5<) <l.O <10 
7 1 GN,88, 10558 I 28 <! <2 <10 
7 1 ON-88- IOS58 I•. 7l 5 <2 <10 
71 GN-88· IOSSB 2 <0.02 1870 647 JO <1.0 <.0.20 75 <5 19 • S <5 8MUO ~1.0 <1.0 
76 GN-88- IOSSA I <I <2 <1 20 
76 GN,88,1058A ,. 2 <2 <2 <10 
76 GN,88· 10S8A 2 <0.02 20)6 496 12 <1.0 <0.20 <S <S l J I d J . .10 <).O <1,0 
76 GN,88, 10588 I 2 <2 <2 < 1 0 
76 GN,88• 10588 2 <0.02 UZ'l 39182 <.LO <0.20 <5 <5 4 <IU <l 2 ;:u <,10 <IU 
25 GN,88, 107• I n <2 <2 <10 
25 GN,88· 1074 2 <0.02 2331 58402 <1.0 0.!7 <10 
22 ON,88, 1089 I so <2 <2 < 1,0 
22 GN.SS- 1089 2 <0.02 1641 75803 <1.0 <0.20 735 <l 24 J2 <5 43.00 19.0 <I U 
6l GN-88-1011 I <I <2 <2 <10 
63 GN-88-1031 2 <0.02 1660 15$744 <1.0 <0.20 <10 d 7 24 • S.40 <lO < 1.0 
69 GN.S8-IOS2 I <I <2 <2 <LO 
69 GN-88-1052 2 <0.02 2080 msso <1.0 <020 <10 d s <.S d 9 .10 6.0 <10 
36 GN,88-10698 I 5 s <2 < I (I 
l6 GN,88,10698 , . l 6 <2 20 
36 GN48, 10698 2 <0.02 217b 27215 <1.0 <0.20 d <5 ' <IU <5 J.w <J 0 < I (J 
24 ON.SS, 1092 1 4 <2 <2 <10 
24 GN.SS,1092 2 <0.02 1896 29111 <1.0 <0.20 <5 <5 l <IS <5 -1 ,~ <l.O <I U 
61 GN.S8•20SO I <I 4 <2 < 10 
61 GN-88-2050 2 <0 . .o:? 2024 22071 <5.0 <0.30 <IO <5 9 16 <S 10.W 5.0 <1.0 
37 GN .Jl8· 2072 1 <I 3 <2 2.0 
37 GN-88-2072 2 <0.02 2467 89573 <5.0 <O.JO <5 <5 14 12 <5 8.90 6.5 <I 0 
46 GN,38,2013 I <I <2 <2 <1.0 
46 GN,88,2073 2 <0.02 269? 23022 <5.0 <O.JO 9 <5 s <l <5 ·-~ <1,0 <I 0 
44 GN.JIS,2077 I <I <2 <2 <1 ,0 
44 GN.JIS,2077 2 <0.02 IS03 211248 <5.0 0.36 <5 <5 12 39 <S IU.00 <l.O <.1.0 
17 GN-88-2107>. 1 ' <2 <2 <1,0 
17 GN-88--2107A 2 <0.02 2282 6555S <5.0 <O.JO <10 <5 3 <IS <S 310 J,4 <1.0 
21 ON.JIS-211J I 3 <2 <2 <1.0 
21 ON-88-2113 2 <0.02 2093 419?8 <5.0 <0.JO <5 <5 6 <15 <5 27.00 15.0 <1.0 
10 GN-88-314! I <I <2 <2 <10 
10 (;N,88-3145 2 <0,02 1929 143079 <5.0 <OJO <10 <5 y <I> <S 11 W y' <IU 
75 CN·SS-1068 I 6 <2 <2 20 
75 GN,88-4068 2 <0.02 1821 261896 <5.0 <0.30 IS <IO s <IS d 22.w I.!> tJ <10 

' GN-Si-4098 I z <2 <2 <IU 
s GN-88-4098 2 <.0.0? 211U 107468 <5.0 <U.JO <10 <l II <W <-' !1 ~J 1: 1) <I 0 
9 CN-884102 I J <2 <2 <t.O • ON,Si-4102 2 <0.02 197< 48594 6S <0.30 y <S • <2U <5 

5 '" 
4JJ <IU 

8 GN,88-4103 I 2 <l <2 <10 
8 ON-88-4103 2 <0.02 2004 I I J.i63 <5.0 <0.30 18 <5 • <2\) <S 8.w .,, <10 

Dunitc 

72 GN•SS-1054» I <I <2 <2 1.0 
72 GN,88-10548 2 <0.02 1650 1213 I. I 0.25 <5 <S 2 <5 d 2.70 <3.0 <1.0 
71 GN,l!&.IOSSA I <I <2 <2 <1.0 
71 GN,88-105SA 2 <0.02 2228 4407 <LO <0.20 2 1 <5 <I 26 <l '·"' <).O I. I 
7J GN-88-1056A I 6 <2 <2 ,o 
7J GN-U.IDS6A 2 <0.02 1986 2339 <1.0 <0.20 <10 <l 2 25 d s.,o 3.S <10 
74 GN-88-1057A I • <2 <2 < 1,0 
74 GN,8i,10S7A 2 0.02 Wl3 2917 <1.0 <0.20 <10 <10 <I ?2 <5 ! .ii> . ,o <10 
95 GN-Si-2044 I <I 3 <2 <10 
96 GN·88-2048A I <I <2 <2 <1.0 
96 GN,S8,2048A 2 <0.02 1723 36)5 <5.0 <O.JO <5 <IS <I 17 <5 0.9! <J.O <1.0 
19 GN-88-2106 I 5 <2 <2 <1,0 
19 GN-88-2106 2 O.oJ 2.367 3969 S.4 <0.JO <5 <5 <1 <5 <5 I.JU <)0 <10 
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T1,bl~ 8. 1 romimud 

Localil)' Sample Aoa.l. s NI Cr "' Sb P, PJ •• "" k, Ii o, A, 
Method ... ~ """' 

.,,,. 
l ON,88..o!>lA l <2 <2 <U) 
l ON,88..002" 2 0.07 1928 29$2 -6.0 0.31 <S <5 <I <5 <5 o.so <.l.O <l.0 
6 ON•SS-4-097 I 2 <2 <2 20 
6 ON-88-4097 2 <0.02 2448 28449 <S.0 <0,JO <5 <5 2 <IS <S 3.30 3.7 <l.O 

100 GN,89,6220 3 <I <2 <2 122.0 

Olivini:-WcbrlJieand Wcbrllie 

'/1 GN•88, 10$4A I <I <? <2 <1.0 
72 GN,88° IOS4A 2 <0.02 2115 3661 <l.O <0.20 11 <5 3 27 <S 200 <3.0 <10 
l6 (lN,88,1069A I <l 3 <2 <1.0 
36 ON,8S. 1069A 2 <O.Ol 2026 3281 <1.0 <0.20 <10 <10 <I 20 <5 UO! <.l.O <1.0 
26 ON,88,IOU I <I <2 <2 <1.0 
lJ ON,88, 109JA I 7 <2 <2 2.0 
2l ON-88-1093A , . 3 <2 <2 3.0 
2) GN-88· 1093A 2 <0.02 1744 1096 2.3 <0.20 13 <5 l <S <5 J.00 3.8 <1.0 
45 ON-88,20'76 I <l <l J . < LO 
4S ON-88,20'76 2 <0.02 2521 99916 <S.O <0.30 <10 <5 II ,, <5 6.90 4.8 < LO 
60 GN..&8-4060 I <l <2 <2 < 1.0 
60 GN-88-4060 2 <0.02 2025 9-1789 6.9 <0.30 <15 <5 6 <40 d S.20 d.O <1.0 
32 GN,88-4070A I 7 <2 <2 <LO 
87 ON-89,8 143 ] 2 <2 <l 3.0 
73 0N,88, IOS6B I 3 • <2 <1.0 
7J 0N-88, IOS68 l <D.02 1199 5284 <1.0 <0.20 <W <IO <I 23 <5 I()() <l.O I 2 
JO 0N-88-4080A I 2 12 <2 < 1.0 
JO 0N.$8,4080A 2 <0.0? 11.&8 2298 d .O <0.lO 9 I? <I <5 d U-56 <l 0 <10 
7 GN-88-410 1 I <l <l <2 <IU 
7 ON-88-4 10 1 2 <D.02 1100 276'1 <S.0 <O.JO .. , <5 <I <IU <5 IL\.i <.l u <IU 

JO, ON.$9-6201 3 l <2 <l JO 
90 ON.$9-8134 3 J <2 <l < LO 

Olivine Cllflopp oAcnilc and Clinopyro1.enitc 

74 0N,88, IOS7B <I <2 <2 <10 
74 ON,88, IOS7B 2 <0.02 442 4157 <1.0 <0.20 <20 <10 <I 12 <5 0.9S <l.O <i.0 
34 ON.$8, 1063 I <I <l <l <10 
96 ON-88-20,89 I <l <2 <l < 10 
96 ON,88, 21>'8B 2 <O.Ol 359 1$49 <S.O <0.30 <IO <JS <I <1$ <5 <0. 10 <l.u <I U 
43 ON,88-2079 I 4S l2 <l JU 
4] GN-88-2019 l 4.24 S56 726 d .O <0.30 SJ 25 <I 20 • 0.27 <l.O J.l 
88 ON-88-4042 l <I <l <l <I 0 
64 ON·88.40Sl I 5 <2 <2 <10 
67 0N,88.406JA I <I <2 <2 <10 
67 0N,88-406JA 2 <0.02 249 179$ <S.0 046 <5 <S <I <5 d <.O JU <J U <10 
J3 ON-&8-W69A I 239 2SS <2 '·" 32 ON,88-40708 I s II <l <10 
3 ON,88.4093 I l 7 <l <I U 
J ON-88-1093 l <O.Ol S29 25S6 <S.O <0.30 <S <S <I <15 <5 o.w <J.O <1.0 

98 ON-89,7130 ] 4 <l <l 14 0 
98 0N•89•71 31A ] • <l <2 <10 
99 ON,89-9 173 l so 70 7 ll.O 
55 GN-89-9 141 l <I <2 <l so 
Sl ON•89•9146D 3 13 7 <l 80 
94 ON-89,91698 3 <I <l <2 <1.0 
3S ON-88, 1064 I 8 IJ <l lO 
8S ON.$9,8 139 l 8 9 <2 so 
Hornblt:nde O ioopyro.xenitc. Clioopyro1.coc HornbknJ1tc Wld HornbkndJk' 

48 GN,88,l(m I s <2 <2 ~o 
48 GN,88, IO'n 2 <0.02 <150 <150 S.9 1.l!O 9 9 <I 7 <S ' 10 <.l O <10 
79 ON.$8.403 1 A I II J5 <2 <10 
79 0N•88,403 I A 2 <O.Ol 251 7)2 d .O <O.JO 12 24 I <5 d 0,, d .O <1.0 
79 ON-88.403 IC I <I s cl 1U 
92 ON,884°'-S I 14 44 <2 <1.0 
30 ON-88.40808 I l lb <2 20 
30 ON,88-'0808 l <0.02 2S8 67S <5.0 <0.30 8 )4 <I <10 <5 0.15 <.l.O I I 

11 1 ON,89,71438 l 13 12 <2 IOU 
79 ON•89•91l28 3 16 lO <l 2.a.o 
79 ON-89,9Jl2C l 6 8 <l 2~ 0 
82 ON-89-9 1678 3 48 14 7 174 tJ 
S7 GN•89·91l9A J s s <l 90 
S6 ON,89,9 140A J II <l <l 2,0 
86 ON-89-8133A J 7 12 <2 <I U 
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Bri1ish Ct>lumbia 

Tool~ 8 .1 t 0t1tfo111,.d 

Locality S1tnpk An>!. s Ni 0 A• Sb Pl Pd Rh Ru Kc Ir 0, Au 
Method W1 !I, ppm 

so ON-88-10808 • <2 <l ?.O 8) GN,88-2040B 8 18 <2 <1.0 
8) GN-88-20408 1· 9 15 <2 < 1.0 
8) GN-ll8-20408 l 0."4 <ISO <ISO d.O <0.30 " 16 <I " <5 0 .17 <l.O <1.0 
91 GN-88-~5 I 3 II <2 <1.0 
91 GN-88-~ 5 2 <0.02 <ISO %6 d.O <0.30 1 <10 <I 13 <5 0 IJ <J.O <1.0 
38 GN-88-1-0828 I <I 14 <2 < 1.0 
38 GN-88-1-0828 2 <0.02 167 228 <5.0 <0 30 1 I.I <I <5 <5 <1) Ii) < lO <I 0 
40 GN-88-1084 <I •• <2 < 1.0 
<O GN-88-1084 ,. 

<I 15 <1 <10 
40 GN,88_,086 2 0.02 <ISO 287 <5.0 <0.30 6 10 <I <5 <5 <U. IO d.O < LO 
93 GN•S9-ll147 3 <I <2 <2 io 

Gabbroic Rod::s 

10 GN-88-IOSOA I 2 <2 <2 2.0 so GN-llS-IOSOC I <I <2 <2 5.0 59 GN-llS-209,I I 3 8 <2 l .O 
59 G.N,8$,2094 2 0.01 <ISO 154 <5.0 <O.JO 7 6 <I 18 <5 <0.10 <l.O ... 
58 GN-88-209S I <I <2 <2 <1.0 
53 GN-88-2095 2 <0.02 <ISO 255 <5.0 <0.30 <5 <5 <I 22 d <0.10 <3.0 <1.0 
18 GN,SS.21008 I 2 <2 <2 11,0 
18 ON,88-21008 2 2.72 <ISO <ISO <5.0 l.20 <5 <5 < I ,. <5 <0 IO <l.O u 
18 GN•88-2100C I <I <2 <2 < 1,0 
18 ON-88-?IOOC 2 <0.02 <I SO 3 15 d .O 0.64 <5 <S <I w <5 <U IO <,l O < 1.0 
20 GN-88-2115 I 4 <2 <2 <1.0 
79 ON-88-40308 I l 20 <2 .!O 
81 GN-88-4036 I 2 II <2 4 11 
81 ON·88-4036 2 <0.02 <ISO 184 7.9 CO.JO 1 II <I <5 <5 <0 10 <3.0 <I U 
29 GN-88-40,J A I <I <2 <l 4 U 

102 GN-ll9-616S 3 1 7 <2 47 0 
107 GN,89-6195 l 8 9 <l 55 0 
109 GN-ll9-7164 3 9 9 <2 .aio 
108 GN,89-61918 l 4 <2 <2 ,o 
112 0N-ll9-9IS4 l 8 9 <2 5.0 
83 GN,S$-2040A I 5 II <l <10 
83 GN-88-2~A 2 2.29 <ISO 746 <5.0 <0.30 II 14 <I 18 8 014 <3.0 <1.0 
91 GN..U""'°") A I s 21 <2 9.0 
31 GN·U-40'72A I s 16 <2 <1,0 
31 GN-88-4072A I 0.30 <ISO 210 <5.0 <0.30 8 10 <I <5 <5 <0.10 <3.0 <1 0 
28 GN,8$-4074 I <I 14 <2 <1.0 
39 ON,8$-4089 I <I 10 <l <10 
78 ON,89-9128C 3 II 8 <2 ! 1' 0 
51 ON-89-9147 3 2 4 <2 • o 
80 ON-89-91488 3 II 9 <2 ,.o 
80 GN-89·91488 3• II 9 <2 • O 
18 GN-89-9128A l 2 3 <2 8'! 0 

Hornbkndc-·Fdds.par Ptsm:nl1c, &Rd l::C:bk Dikes 

42 GN-88, 2018 I <I <2 <2 < 1.0 
42 GN-88-20,8 2 <0.02 204 <ISO <5.0 <0.30 <5 <5 <I I) <5 <O 10 <l.O < 1.0 
6S ON-1'40$30 1 1 <2 <2 <I 0 
29 ON-88-40738 I 2 <2 <2 < 1.0 
29 GN-ll8-407) B 2 o.os <150 <ISO 10.0 <0.30 <5 <5 <I d d C0. 10 <3.0 <1 .0 
27 ON,88-4016 I 2 <2 <2 <10 
41 GN-llS-4085 I <I <2 <2 <1.0 
41 GN-llS-4085 3 <0.02 <ISO <ISO d .O <O.JO <S d <I R <S <0. 1(1 <l O <1.0 

105 GN,89-6188 3 <I <2 <2 60.0 
82 ON,&9•81238 ·2 3 2 <1 <l <1.0 
82 GN-89,812313-1 3 10 4 <l <IC) 
Sl GN-89--9J45Z l l <l <2 <1.0 
~ GN-8-9-9143 3 <I <2 <2 < 1.0 

LAY RANGE ASSEMBLAGE 
Mttll.kdirnicnu1ty •nd Mc111~lcanidu 1k Roets 

47 GN-88-2083 I <I 6 <2 <10 
49 Gl'1-88-WS8 I l 4 <2 10 
I) CN•S8-2109 I <I <2 <l l .O I) GN,88-2 109 2 l.32 <150 <ISO 5.5 <0. 30 d d <I <5 <:S <0, 10 <30 16 
II CN-88-2110 I J <2 <2 <10 
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Ministry of Emplo)'rMnl and Jm•estmen1 

Tab/, 8.2 , ,w1lnucd 

Ni Cr As Sb "' "' kh Ru k, " °' Au 
~~~~~ ppn,-~~~- ppb 

IOI 0N.jl9-6162A J 
IOI 0N.jl9-6l62B J 
106 ON-&9-6191> J 

I ON,89,6225 3 
110 GN-3'9·7 147A J 

4 ON,89-81S5 3 
103 ON-89-6202 J 
110 ON-89-71478 J 
89 ON-89-8136 J 
79 ON-89-9 IJlA J 
80 ON-89-9148A J 
82 GN•89·9167A 3 

MetA\'Obnk Roet 11 and Dikes 

14 GN·89·9115A 3 
12 ON-89-9176 J 
77 ON-89-91UC J 

113 ON-89-915JA 3 

QUARTZ VlllNS AND QUARTUARBONA TE ALTl:RATION 

16 ON-88, 2101 
IS ON-88,2 108 
84 ON,89-8126 

I 
I 
J 

<I 
2 
9 
2 

19 
2 

<I 
3 

<I 
<I 

2 
4 

<I 
<I 

3 
7 

<I 
<I 
2 

<2 
<2 
s 
s 

20 
<2 

4 
4 

• 
<2 
6 
s 

<l 
<2 
<l 

8 

<2 
<2 
<2 

<2 
<:? 
,2 
<,2 
<l 
<2 
<2 
<2 
<l 
<l 
<l 
<:? 

<l 
<l 
<l 
<l 

<2 
<2 
<2 

iSJ (j 

C>.0 
<10 
J u 

76U 
120 
.a) .O 

5.0 
• .O 

19.0 
J.O 
4,0 

4 ,0 
11.0 

21.a.o 
10.0 

<10 
io 
7.0 

J\fll)lyticol mtlhodl: I • lndwt:lfrtly c1>1111l(d plOJma IM# spec trometry, A t'IIK IAbQrtlltJrlrl, Ve1n-.eou ~..-r: 2=1,u-irNmmtal ll t'Ull<m ,w111dlll.t11. hull'u,1 
National d( lo Rtthnc.lle S<in11(/i9t1~. (bu/Ne:: J.:lnduclfr.,/y COllplrd plo,ma tmfssltm sp.-~trtnlftl,Y, " ""'"' L.tboruum',-.1,VMCc>Uwr. Ottrt'tlcHI 
limlu: I ppb for Pt {llfd AM; 2 ppb /'1' Pd and RA; n,i,1/ron urth't1tlon drt.t!ttion limiu mry with 1t11lf.11I, eotn11t>1Jt1<Ht. • =Dupli.~1, (11t(I/.V11L s.om,,1, 
loealirir1 arr sJw,,.·n Ott FigMrt-4 t.S '1nd 8.1. 

Louis <t al .• 1986: Chap1c:r 9). and PGE-rich and PGE-de· 
plercd chromitircs exisl, there will be no simple correlation 
between the obunda.nceor chromiumand PGE in lhcs."l.mple 
population. Tho abundances of orsenic and antimony = 
generally low and show no COtTClatioo wilh PGE or gold. 

Tho highest concenua1ion of platinum (735 ppb) is 
found in chromitifcrous dunile (Localily 22. Figurc8.8) and 
is accompanied by small but significant quantities of rho· 
dium. ruthenium, iridium and osmfom. Low abundances of 
sulphur. :uscnic and an1imony suggest lha1 lhe PGE may be 
contained as discrete platinum-iron alloys as typifies the 
ohromitite;PGE association in lhc Tulamccn complex (St. 
Louis <t al .• 1986: Nixon and Hammack. 1991 ). The ienor 
or platinum in a duplica1e analysis is over founeen times 
lower. and i.s anributcd 10 a nugge1 effect, which appears to 
inOuence olhcr samples (<.g. GN-88· 1039, Locality 66). 
Rarely. abundances or iridium and osmium seem anomal
ously high (<.g. GN-88-10558. Locality 71) and may indi· 
cate the presence of iridium-osmium(-rulhenium?) alloys 
whkh have been documented in other Alaskan-type asso
ciations (Harris and Cabri. 1973: Cabri and Harris. 1975). 
Anomalously high platinum and palladium (200 ppb) occur 
in a clinopyroxen.iie dike in the cenlrDI part of lhe complex 
(GN,&8-4069A. Locality 33). In general, palladium remains 
near or below detection limits in chromitit.cs IUld olivinc,.rith 
ultrarnafic rocks. Md increases in abundance in hornblende~ 
bearing gubbroic to diorh.ic rocks. This behaviour is oc.com· 
p:anied by a concomitant decrease in the platinum:palJadium 
ratio. similar 10 trends in o«her Ala.skan-type complexes 
(Nixon and Hammack. 1991 ). 
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Strongly anomalous abundances of gold (100 ppb) OC• 
cur in an andesitic dike intruding meta.sedimentary se
quences adjacenl 10 a fnull zone (Localily 77, Figure 8.5): 
in homblendiie a, lhc roof of lhc complex (Locality 82): and 
in dunile near lhe margin of lhc intrusion (Locality 100). In 
fact. all of lhe gold anomalies (>20 ppb) are confined 10 lhe 
extreme nonhwcstcm end of the comp.lex.. Almost without 
exception, they exhibit a strong spatial relationship with in· 
trusive contaclS. allhough some are close 10 faullS, and ap
pear 10 favour mafic lilhologies. No correlation is evidem 
between lhe abundances of PGE and gold, which is gcner, 
ally low within the complex, and I.he few quartz veins and 
quartz-carbonate alteration tones $1UTiplcd lltC barren. These 
dala suggest Iha, circulating Ouids, possibly driven by con, 
vective cooling at the margins of tbc intrusion. scavenged 
gold from Lay Range assemblage rocks and dcposi1c:d it n<:or 
lhc contactS of I.he intn.asion where mafic roe.ks may have 
octed DS a chemical sink. The apparent spatial concentration 
of gold anomalies at lhe nonhwes1em con1ac1S is probably 
a rcOoction of sampling bias. 

SUMMARY 
1be Polaris ultrrunafic-mafic complex ls an instruCtive 

example of an Alas.k.an-1ype intrusion. It is one of the largest 
(45 km2)ofsuch bodies in British Columbia .. Allhoughspcc
tacular mcsoscopic layering. such as tha1 round at Duke b 
land (Irvine, 1974a), is nowhere developed, relationships 
wilh lhe country roclcs, and be1ween ultramafic and more 
differentiated gabbroic to diorite rocks, are weU expOSCd. In 
addition, all 1ypieal Alaskan-type lithologies are repre
sented. including duni1c. chromitile. wehrliie. olivine cli-

6.5 
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Lithogeochemicol sample site ..... .. 65.t. 

lo-==-----31 
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Figure 8.8. Location of geochcmka.J sample shes listed in Tab1c 8.2 (also s"~ Figure 8.S). Symbols as in Figure 8.3. 

nopyroxenitc. clinopyroxcnite, hornblende c linopy· 
roxenitc, homblcndite. gabbro,diorite and more lcucocratic 
pcgmatitic phases. cumuhue 1cxturcs 3J'C widesprcud and 
well pre.~rved, and an interesting pctrologic feature is the 
occunenceof cumulus and intcrcumulus phlogopite in early 
cumulates (dunitc), indicative or rela1ively potassium-rich 
parental mag.mas. A potentially importanl cconomicconsid
crntion is the chromitire-POE as.«>ciation documented from 
other Alaskan•typc intrusions. 

Detailed mapping of the Polruis complex aod it$ envi
rons h•s estoblishcd lhao lhc body is a westward-dipping. 
westward-facing t.rD.n.$gressive sill that intrudes metasc<fi. 
menuuy and mcltlvo.tcanic rock$ o(thc Upper Paleozoic Lay 
lunge assembl~ge (Harper Ranch Suboermnc) which fonns 
the basement of QuesnclHa. Intrusive contacts at lhc roof 
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ond m3J&UlS of lhc sill ore well exposed at lhc nonhwcstcm 
end or the complex. Herc, minor cocvaJ intrusions of gab
bfo.diorite and hornblende clinopyroxenioe in lhc coonory 
rocks mimic lhc gcomcory of their larger counletp3tl. New 
U-Pb dotes on iin:on scp:iraoes aro concordant at 186±2 Ma 
and establish a late Early Jums,ic (early Toarcian) age for 
lhc complex. 

The intcrnal somtigmphy of lhc Polaris complex is well 
e-xposcd in cross•section. 1he lower margin or the sill is 
zoned OUlWa.rd over I narrow interval from dunitc through 
wehrlitc ond olivine clinopyroxenite to phlogopitc-bcaring 
olivioc,.homblende clinopyroxenite. Dunitc occupies much 
or the lower pan or the inuusk>n. and, in a gross sense. is 
succeeded upward by diickly stnullicd wchrlitic cumulates 
ond clinopyroxcnitcs. hornblende-bearing clinopyroxenitcs 
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and homblcnditcs. and hornblcndc•rich gabbroic to dioritic 
rocks which arc well developed near the roof or 1he intro• 
sion. Contacts between the main lithologic units arc sharp 
to gradationol. On a more local scale. thctc is evidence for 
oornplex multiple intrusive events between wchtlilic and 
pyroxcnitic llthologics on the one hand. and between fcld
sputhic diffen:ntiatcs and hornblende-rich uhramafic units 
on the other. Previously consolidated chromitite layers. and 
complex zones or intermixing or wchrlitic and clinopy· 
roxcnitic rocks. point to syndcpositionaJ remobi_liiation of 
early c"Umulatcs by mass~wasting processes (e.g., slumping 
and density nows) which dcposi1cd them lower down in the 
magma chambct. T1le widespread remobiliuufon or ebromi
titc concentrations, combined with thc.ir scanty occurrence, 
do not bode well forcommcrciaJ exploitation or chromite in 
these roe ks. 

The Pol11ris complex is con(G.incd wi(hin a northwest-
1:rending, wc.stward-djpping homoclinal sequence of well• 
bedded country rocks with unambiguous sedimentary 
s1.n1c1urcs that race west. High-angle faulls with prcdomi
nontly northwes1crly and westerly trends transect ultrarnafic 
and country rocks aHkc. A basal ductile thrust 1.onc cxp<>sed 
at 1he eas1em margin of the complex exhibiL< SIC fabrics 
which indic,ate tectonic trnnspon to the ea.,1. The complex 
has therefore been tectonically uprooted and transponed, 

8ulle1in 9J 
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together with its hostrocks, as an a.Jlochthonous slice, s.imilar 
10 the structure of rock packages documented in other parts 
of the Lay Range. Textural evidence indicates that eastward 
transport took place while lhe aureole was still hoL This 
defonna,ion and me~morphism a.re apparently synchro
nous with the collision of accreted terranes of the lntcnnon
tane Bell, specifically Qucsncllia., against the miogcoclinc 
of ancestral Nonh America (Chapter 11). 

Lilhogcochcrnical assays for PGE. gold and associated 
clements yield some interesting but rather localized anoma
lies. Platinum aua.ins a maximum nbu.ndnncc or 735 ppb in 
chrornitite-bcaring duni1e, and is accompanied by minor 
iridjum and osmium which reach maximum abundances or 
88 and 51 ppb, n:spcctivcly. A sample of clinopymxenitc 
yields onomalously high platinum ond palladium of239 and 
285 ppb. respectively. The PGE hove no appun:nl correla
tion with the abundances or other clements suggesting th:u 
they may be contained as disc.rcte platinum-iron or iridium
osmium-ru1henium alloys. Gold anomalies (20 10 214 ppb) 
show a preference for m:afic li1_hologie.s n11hc margins of the 
complex. This suggcsls that the mafic-ult:ramafic rocks may 
have oc1ed as a chemical t.rnp for mincmlit.ing fluids circu
lating adjacent to the intrusion. and that the gold was derived 
from the country rocks. 
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l,f{nlstry o{Emplern•~nl and lm-ellm~nl 

CHAPTER9 TULAMEEN CO:MPLEX 
The Tulomeen mafic-ultrnmafic comple.x (48'20'N. 

J20050'W) underlie& 60 squore kilometr<S of fores1ed ler
ruin cenlred 23 kilomelreS due west of Prince1on (Figure 
9.1). 11 is lhc h1,gcs1 and most easily acc:essible Alasl<an·lypc 
intrusion in British Columbia. Historically. the Tulamecn 
has been the largest producer or platinum in the province. 
in lhc form of impure platinum nuggeis (Chap1cr 10). 

Physiographically. the region lies in a transition 1..one 
between the Cascade Mountains to the west aod the l.nterior 
Plateau to the cast. A p:wcd highway connects Princeton 
with the communities of CoaJmont and Tulamccn where a 
network or well•mainUlincd logging roads leads wes:tward 
in10 the intruSion. The Tulamecn River road provides access 
to a complete cross•scclion through the body. intersecting 
lhc central dunile approxima1ely JO kilome1res wes1 of lhe 
village ofTulornecn. The area is covered by NTS mapsbeclS 
92H/7 and 92H/10 al u scale of 1:50 000. 

REGIONAL GEOLOGY AND 
GEOCBRONOMETRY 

The Tulomcen complex is situated within the south· 
\\'Cstem In tennontane Be 1 t j u.~t east of the boundary between 
lhe Quesnel Temme and Mounl Lyuon - Eagle Plu1onic 
Complex. The IIJ'Ca lies within a zone of Early Tertiary .. trnn
stensional" block faulting related to regional right·lateral 
transform motions along the Fraser River · Straighl Creek 
faultsysiem (Ewing, 1980: Monger, 1985. 1989). The com
plex has been the subject of delailed geological and 
pcuological s1udics by Findlay (1963. 1969) and. more re
cently, Rublee (1994). 

11,e geologic scujng or the Tulamccn complex is shown 
in Figures 9. 1 and 9.2. The mafic•ultramafic rocks arc 
hosted by mclascdimentary and mafi.c to felsic meta volcanic 
lilhologies thm belong mainly 10 the wcst<m fodes of lhc 
Upper Tri0$$ic (C9mittn to Jowe.r Noriiin) Nicolo Croup 
(Prcto, 1975, 1979; Price ti al .. 1987). Volcanic assem
blages in lhc Nicola Groupconiain calcall<aline andclinopy
roxene•phyric shoshonitic lavas- thal evolved during Late 
Triassic arc magmatism (Mortimcr. 1986). lhcscrocksh.avc 
been considered to be comagmacic with mafic.ultrarnafic 
rocks oflhc Tulornecn sui1e (Findlay, 1969). The Tulomecn 
complex and its hostroc.ks arc unconformably ovcrl:i.in by 
tcrrigenous sedimentary and volcanic assemblages of the 
Early Tertiary (Eocene) Princc1on Group and Miocene plo
teau b3Solts. 

Reg.iom1I stmcturcs trend approxirnatc1y north-north
west and arc charuc1eri1.cd by a southwest-dipping foliation 
that paralfels the eastern margin of. and extends into, the 
southern extension oflhc Mount Lyuon batholith, or Eagle 
Plutonic Complex. This 1.0ne of defonnntion has been re· 
fem:d 10 as 1hc "Eagle Shear Zone" by Grcig ( 1992) and is 
rcla1ed to a syn-intrusive MiddJe to Late Jurassic contrac· 
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JURASSlC AND CRETACEOUS OVERLAP ASSEMBI.AGES 

0 t.tothow c lo , ncs. conllnentolly derived 

0 Spencu Bridge felsic to mofic volconic 
ond e lastic rocks 

COAST , CASCADE BELT 
r:::-1 Undlfferontiofod lerrones and plutonic rock$ 
~ o f the eastern Coosl ond Cascodo Bolts 

Figure 9.J. Location and gcneraUud geologic setting or t.hc TU· 
l:unccn rnafic-uhnun.a.fic complex in relation to 1ec1onostnti· 
graphic tcrrancs (modified af'lcr Kleinspchn. 198$; Wheclcr d al .. 
1991). 

tional de(onnation. The Tulamccn complex fonns an elon
gate body at the cast cm mo..rgio or this shear tone conconlaot 
wilh the rcgio.naJ S-tn.tcturol grain. 

Previously published K·AI and 4JJ Art39 Ar da1es for 
hornblendes from the Tulamecn complex yield ages of 208 
lo 196 Ma (Roddick and Farrar. 1971, 1972: McDougall, 
1974; dales recalcula1ed according 10 lhc decay conslanlS 
recommended by S1eiger and JHgcr, 1977) or latest Trinssic 
to Early Jurassic according 10 the time scale of Harland ti 
al. (1990). The younger daics have been considered 100 
young due 10 lo$$ of radiogenic argon during post .. emplace• 
ment regional mciamo,phism. and 1he older d,tes n close 

69 



British Columbia 

MIOCCNC 
~ Bosolt 

EOCENE 
Princeton Grovp 

c=JAlt,nby F'ormollon 

f .................. JCodor rormot!on 

~ IJlol Cronodlorilo 

LAT[ JURASSIC - MID-CRETAC(OUS 
Q=i £ogle Plutonic complex 

LAT[ TRIASSIC 
t::::] Nicolo Group (showln9 some specific 

volcanic units) 
TULAM££N COMPLEX 
~ .. Syenogobbro/syonodlorlte .. 

t::::] Hornblende clinopyroxenlte 

t::::)Ollvine clinopyroxenH, 

{,:~ .. ··· .. :,! Ounllo 

~ Undlftoronl/oted niytonltlc roe'ks 

TULAMErN 

D 1 

' 

~ 
N 
I 

Strotlgrophlc top ..... .......... ~ 

F'owlf .. ...................•..•• --

Syncllne ..................... -i-

Figure 9.2. Genemllud g<ology or 1hc Tulam«n complu (modincd afl<r Findlay, 1963 and Nbton. 1988). 

approxima6on lo the age of crystallization of the feldspalhic 
part of I.ht intruSion. A complex thennaJ history for the area 
bas been confinncd by oew K-Ar detenninations on tho 
Moun! Lyuon - Eagle Plu1onic Complex where hornblende 
and biotitc in iromples collected near Murphy Lakes at the 
eos,cm morgin or Ille complex (Figure 9.2) yielded highly 
discordonl dates ranging from 57 to 130 Ma interpreted as 
• result or mid-Cretaceous and Early Tertiary lhcnnal event! 
(Greig. I 989; Greig" al., 1992). A zircon scporate from Ille 
same locality gave a U-Pb isotopic age of 157:4 Mo (Mid
dle-Late Jurassic boundary) which was regordcd as a mini-
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mum age of emplaoemcnt for the p1utonic complex (Greig, 
1989; Greig et al., 1992). Two fonhcr U·Pb 7.ircon detenni
nations for the Mount Lyuon Complex have given i$010pic 
ages of 250%5 and 212:t I Ma (Friedman and van <ler Hey
den. 1992: Parrish and Monger, 1992). AU-Pb zircon date 
in the range 204 to 212 Ma Oo.test Triassic-earliest Jurassic) 
for sycoodioritc associa1cd with the Tulameen complex wa.'i 
reported by Rublee and Parrish (1990) and Rublee (1994) 
and. taken togclhcr with the argon data. provides a good 
estimate for the crysralliuttion age or the feldspathic part of 
Ille complex. 
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COUNTRY ROCKS 

NICOUGROUP 
Rocks or lhe Nicolo Group in lhc Tulamccn region 

comprise black. thinJy laminated argiUites, green and brown 
tuffaceous sihstones and Japilli tuffs, dark grey•grccn 
aphyric 10 plogioclase-phyric pyroxene ande.sile and horn
blende d3cit.c nows. rare aphanitic rhyotites. cherts. che,rt 
breccias and dark grey limes1oncs. All lilhologiC$ are re
g.ionally metamorphosed to grecnschist grade. Chlorite· 
muscovite schislS with minor biotite are common to the west 
or lhc ul1rnmafic complex and marbles wilh weakly devel
oped skams commonly occur adjacent to the conlaet wil.h 
the Eagle Plutonic Complc.x. Skam mineralization inc.ludes 
1races of molybdenite, chalcopyrite, pyrite, covellite, 
bomi1e and chalcoci1e(?). 

Beyond lhc northeastern margin of the intJUsion. an
dc.sitic lavas preserve primary flowagc features such as ves• 
icle !rains aligned wilhin lhe flow foliation, chilled basal 
tones overlying baked sedimenuuy horizons. ond basal flow 
breccias caught in ··squeeze.ups"'. 1l,c latter two criteria in• 
dicale lhal lhcse Javas are lhc righl way up (Figure 9.2). A 
distinctive vtuictyof porphyritic now contains large(> I cm) 
feldspar laths with subtrachyt.ic texmrc previously reforred 
10 as "bladed feldspar porphyries" (Pre10, 1975, 1979). 

PRINCETON GROUP 
The Princeton Group conUUns sub-g.reenscbjst grade Ii• 

lhologic:s of Eocene age lhat hove bcett defonned and routed 
by block faulting (Ewing. 1980: Monger. 1985). Rock types 
include lhinly bedded coal scams and scat canhs, fissile 
shales yielding plnnt re.mains, nrk:osic sandstones ond con
glomearntes. polymicric laharic breccias, biotite rhyolite. 
horn blende•ph yric dacile ond Jocall y pillowed olivine basal I 
flows and hyaloclastiles. The Pri nceioo Group is locally 
capped by subhoritonu,J amygdaloidal basalts or Miocene 
age Iha, ore unraulled (Monger. 1985). 

MOUNT LYTTON. EAGLE PLUTONIC 
COMPLEX 

The Moun! Lyuon-Eaglc Plu1onie Complex comprise.• 
folioted to gneissic (syntectonic) tonalite-gronodiorite and 
variably dcfonned (synt.ec:tonic to post-tectonic) muscovite 
granite. Gmnodioritc ot the eastern margin of the complex 
is a medium to C03I'SC·graiocd rock containing qu111tt. pla
gioclase, potassium rc.ldspa.r and biotitc. 1bc gmnodiorite is 
weakly 10 intensely foliated, cut by quartz veins and locally 
encloses amphibolitic schlicrcn. Near the contact whh Ni
cola rock:..,on the TuJamccn River road, numerous aplitesi'lls 
(<I m) Iha! are generally ooncordanl wi1h wc:s1ward-dipping 
orgillilc:sand me1asiltS1oncsarc probably rooled in lhc Eagle 
pluton. On Brillon Cr,:ek. unfolia1ed bioti1e hornblende gra
nodiorite con1ains randomly oriented xenoliths of amphj
bole-biotitc-chJoritc schist derived from adjacent mylonit.ic 
rocks. Recent mapping and K-Ar geochronomeuy in the re. 
gion has identified lhis granitoid stock as a post-tectonic 
inlruSion or Early Tenin,y (Eocene) age (Greig, 1989). The 
age orlhc Eagle Plu1onic Complex is regarded a, Middle 10 
La1cJurassic (Greig. 1989; Greig ti al .• 1992). 
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TULAMEEN COMPLEX: 
MAFIC-ULTRAMAFIC ROCKS 

Comprehensive repons of lhc geology and economic 
mineral oocunenccs in the TuJamcen districl are provided 
by Cnmscll (1913) and Rlce (1947). The most complete ac
counts or lhc geology and pcuology of lhc ultramafic com· 
plex ""' provided by Findl•y (1963. 1969) and Rublee 
( I 994). The geology of lhe Tulameen complex is shown on 
Map 5 (in pocket) and Figures 9.2 and 9.3. The dislribution 
or mappable uni is obseNed in lhc field is as detcm1.ined by 
Findloy (1963). However, we have a differen1 view of n,. 

lationships among some of the principaJ lithologic units and 
regarding the structural evolution of the complex. The prin
cipal ultramafic and mafic units comprise dunile. olivine 
c:linopyroxen.ite, hornblende clioopyroxenitc. aod gabbroic 
10 dioritic rocks. 

DUN/TE 
Ou1crops or dunile arc restricled 10 lhc nonhern pan of 

the complex at Grasshopper and Olivine mountains {Figure 
9.3). The duni1e is medium IO dark grey where fresh. buff· 
wcalhcring and well join1ed. The primary mineralogy con
sists of forsteritic olivine. accessory chromite and rare 
diopsidic augi1c. Alter.uion products include serpentine. 
ca.rbon:.te. magnetile a.nd ta.le. In general, the degree of se.r• 
pcntinization decreases from cas, (80 vol% serpentine) 10 
wc.<1 (20%) where lhc Jowc:s1 loss on igni1ion values ( <2 WI% 
volatiles) arc rccO<ded (Findlay, 1963: While, 1987). 

CHROMITITE 
Concentrations of chrome spincl and mas..fiive chromi

ti1e appear to be dislribu1ed randomly lhroughoul lhe duniie 
as discrete layers. nodular masses. and schlieren up 10 I me
Ire Jong •nd 6 centimeircs wide (Figur,: 9.3). Chromitite 
schlieren arc commonly distinguished in outcrop by a pale 
alleration halo (0.1 10 I cm wide). Associaled wilh lhc chro
mite are microscopic grains of platinum minerals (e.g .• IU
Ja meenile, sperrylile), nickel-iron su lphides (t.g .. 
pcntfandire. violarite, bravoite). chalcopyrite and pyrite as 
described in deU!il laler (SI. J..oois et al .. 1986: cf. Chapter 
10). 

OUVINE CUNOPYROXENITE 
1llC principal outcrops or olivine c linopyroxenitc en

velop lhc dunite "core·· ond exiend sou1hwards along lhc 
central pan of the complex. In addition. three discrete bodies 
or olivine clinopyroxenite 1hat arc distinctly elongate along 
the regional struclurnJ trend are exposed in the nonhcas-1cm 
p3.rt of the inuusjon. 1bc fresh rock is medium to coarse 
grained ond has a blo«:hy green and black appearance due 
10 partially serpcntinized olivine (<20 vol% sc,penline) and 
deep g:rccn clinopyroxcne. Sporadic pcgmal:itic rnasscs con• 
ta.in crystals up to 8 ccntimettcs across and olivine scgrcga· 
tions locally form schlicn:n. 

Breccias within the olivine clinopyroxcnitc unit are 
well exposed in lhc banks or lhc Tulnmecn River nenr lhc 
wes1em margin of 1he duni1e (Figure 9.3). Angular 10 
rounded blocks (<0.5 m) of dunile, pyroxcnile and in1erloy
c.red dunite-pyroxcnitc (Photo 9.1) arc enclosed in a scr• 

71 



Bri1ish Col.umbia 

• 

' . 

+ 

+ 
+ 

• 

• • 
• 

+ 

,,-.r 
/ · 
I • 
I 
I 

)• ,. 
I • 
I • 

t 

• 
,/ 

'\ • -. I 
"\. / 

' ~ 

• 
\ 
A ~ 

+ 

. . ,, 
/ .· \ j + 

I" ·\ 
. \ 

/ . \ 

~ o._..,.-==='' ',,·,- ... t ldlOM• ft• " ~ 

£0C£N£ 
e::::J Ulol c,onodloril• 

!&.L,IURASSIC - MIO-CRCTAC£0US 
L.±.._J(ogl• Plwtotile: COMPIU 

LATE TRIASSIC 
c::)Nlcolo Gtoup (ahowfnv ,om• 

1pee:1lle: vo.le:onlc unl11) 

\ 
\ 
" \ 

lAT( TRIASSIC 
TULAM(EN COMPLEX 

e::J• syenogabbro/syenodlorO• '" 

C::)Ho.rnblende ellno.pyrow•"I!• 
~ OfMn-e cllnopy,ov•nlte 
L__J(b =brecdo} 

C::Jounlle 

C::)Undifferentioied mylo nltie: rocks 

·.{ 
N· 
1. 

* Sulphides (see:ondory) 

~ B•ddlno ollltude 

~ roliatlon attilude 
lO Chromlt11e se:hlloren 

2)~ ._,,nor told ollilude 

- t,4/n.,ol Un,ollon 

figure 9.3. Detailed grologic map of the non.hem part or the Tulamccn ultmmafte complex (modified a.nu Findlay, 1963 and Greig, 
19S9). A·B n:(er, to the location oflhc: mc>surcd stmtigraphlc SCdlon (Figutc 9.4). 

72 Geological Sun,ey Branch 



Photo 9.1. AngullU' block or laytred duni1c (Du) · di.nopyroxcnitc 
(Px) in sulphide•'ric-h scrpcntini1.td btttcla within lhc ~ temmost 
olivioe cU.nopyroicnhc unit exposed In the Tulamcen Rivet bed. 

pcntiniz.ed. formerly pyroxene-rich matrix canyi_ng c.alcitc 
and disseminated sulphides (largely pyrite). On tl1c eastern 
bank, the southc.m margin of a similar breccia is in contact 
with a body of dunite 8 metres thick whic.h is succeeded 
sou1hward by another brcccia with clasts that are predomi .. 
nontly foliated (mylonitizcd?) gabbro in random oricnta-
1jon. All observed contac1s between breccias and hos1 
pyroxenite dip moderately to steeply (30 to 70°) south. The 
ca.use of brccciation is not clear and may involve either tec
tonic or localited explosive activity. 

HORNBLENDE CUNOPYROXENITE 
Hornblende clinopyroxenite generally occurs at the pc· 

riphery of the-complex. This unit is continuous along I.he 
western margin of the intrusion but is more irregularly dis
tributed in the east. The fresh rock is medium to coarse 
grained and contains diopsidic augite, homb1cndc.. rcl3-
civcly 11bundnn1 ma,gne1i1e and minorbio1.itc, apatite and dis
semin:ue.d sulphides; fc1dsp3thic variants arc extremely 
rote. Medium-grained variccjes commonly c.xhibit mineral 
folialions and/or hornblende lineations. Biotile locally 
fonnscoarsc books ( I cm) ond amphibolcscommonly reach 
I to 3 ce.n1jmetres in size. Accessory biotite and apatite occur 
in magnetite-rich layers 6 metres lhick. thnt aTC poorly e;,;
poscd in old workings on the southern Slope$ of Tanglewood 
HIii (Eastwood. 1959). M,ssivc magnetite is also found as 
schlieren and podiform masses on Lodestone Mountafo 
(Figure 9.'2) and is commonly associated whh coarse.
grained homble,nde and clinopyroxe.ne segregations. This 
rudimentary igneous layering generally parallels mineral fo-. 
lfa.lions developed in the region. 

MINOR ULTRAMAFIC UTHOLO(;IES 
Rock types that do not gencraUy fonn mappable units 

inc.Jude pcridotite. clinopyroxenite. hombleodc olivine cli
nopyroxenite. hornblendite. "hybrid" rocks and mafic pcg
matite. The lotter rock containt latge (6 cm) hornblende 
crystals with interstitial fold.spar and usually J"ISSCS grada
tionally into finer grained homblenditc. Mafic pcgmatitcS 
are preferentially distributed near tl1c margins of hornblende 
elinopyroxenite bodies (Findlay. 1%3). Hybrid rocks ore 
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characterized by gabbroic xenoliths in various stages of as• 
similation and generally occur a1 gabbro-dforite contacts 
(Findlay, 1963). However. gabbroic xcnolith$ ore also found 
al 1hc summit or Lodestone Mountain. 

GABBROIC ro DIOR/TIC ROCKS 
1be gabbroic to dioritic rocks were subdjvided by Find• 

lay ( 1963) into syenogabbro and syenodiorite. In the ab· 
scnce of more detailed study. Findloy's nomenclature is 
retained here but these rocks might equally well hove been 
named dioritc. monzonj1e, monzosycnite or variants thereof, 
due 10 the general absence of plagioclase compositions 
greater than An50 where recognizable (Findlay 1963). 

The main moss of syenogabbro is distributed ccccntri· 
cally on tl1c eastern side of tl1c complex. In tl1c norlh. gab
broic rocks arc commonly in dirccl contact with olivine 
c linopyroxenite but only rarely lie ~gainst dunitc. In tl1c 
south, wcll-folia1cd and/or strongly lineated fine to medium• 
grained gabbroic rocks extend southwards across Amistra 
C=k but their southern limit is poorly defined. These rocks 
were formerly mapped at ''Badger gneiss" by Findlay 
( 1963) who considered t11cm to be contoc:t•mctamorphoscd 
cquivaJc.ncs of the Nicola Group. TilC syenodiorite is con-
fined to the soul.hcastem margin or the intrusion where it is 
unconfonnably ove.rlain by the Princeton Group. 

Essential minerals are plagioclasc (ondesine). clinopy· 
roxenc. hornblende and powsium feldspar with minor bi· 
otite 3nd opaques and accessory apa1j 1c and sphcnc. 
Sycnodioritc is more leucocratic than sycnogabbro and con
tains slightly less caleic plagioclasc (Findlay. 1%3. 1%9). 
Textures range from cquigranular to foliated and some rocks 
exhibit strong mineral elongation. Most gobbroic rocks arc 
extensively saussurilized and appear various shades of 
green; fresh rocb are pale to medium grey or pinkish grey. 
depending on tl1c nature and proponion of tl1c fe ldspar. Sul• 
phide,rich hornblende-bearing gobbro,diorite (described 
below) occurs as thin units within olivine clinopyroxcnitc 
in the bed of the Tulamecn River. 

MAGMA TIC STRA TIGRAPBY: 
TULAMEEN RIVER SECTION 

An almost continuous stratigraphic section (530 m) 
along the Tulamccn River. beginning at the eastern margin 
of the dunite and passi.ng through olivine cUnopyroxcnite 
into syenogabbro is presented in Figure 9.4. 111c section is 
cut by unfoliatcd hornblende-bearing dacitk and basa.Jtic 
dikes. probable feeders for Tcniary lavas in tl1c Princeton 
Group and Miocene basalts, and contains rauhs at the 
dunhe~pyroxcnilc and pyroxenite - gabbro-diorite con1acti . 
Two thin gabbro-diorite units are also well c.xposcd within 
the pyroxenite. 

OUVINE CUNOPYROXENITE 
The olivine c linopyroxenitc unh is rather massive and 

characterized by abundant xe,noliths of dunite ranging in 
size from a few centimetreS to 10 metres or more. X.eooliths 
locolly contain clinopyroxenc megacrysts or crystal clots. 
and some of the larger bodies of dunite enclose pyroxenite 
xcnoJith.4' that appear to have bcc.n derived from their host. 
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Figure 9.4. Stn1igtAphic section along the Tulo.mccn River bed al the ca:stt:m margin or lhc dunilc (su Figure 9.3 for location). 

Photo 9.2. Jnlrica.Lely ronton.«t ribbon-shaped .:cnoUth of dunhc 
(Du) in olivine clinopyroxenitt: (Px), Tulamccn River section. 
Vcint of carbonait. and sc:tpcntine cut both xcnolith and host. 

Xenolilh shapes a.re diverse: round, wispy, tabular, or dis-
1inctly elongate and contorted: con1ac1s with 1hcir PY· 
roxcnitc host arc planar 10 irrcgularorcrenulate (Photo 9.2). 
Rarely. dunitc and pyroxeni1e arc interlayered and appear lo 
have behaved ns cohesive blocks within 1hc unit. However. 
the mojorily of xenoliths preserve features lh111 suggest tlult 
they were deformed while hot and still capable of plastic 
deformntion. The origin of lhesc tc.tures is probably n:lated 
10 episodic slumping of dunitc~pyroxcnitc layered cumu
Jate.-t deposited elsewhere in the intrusion and cmplaccd at 
lhc:ir present location by mass nowagc down the cumul111e 
slope. 

GABBRO-DIORITE 
Hornblcnde-bcaringgabbfo..dioriteuniL~ within the oH· 

vine cllnopyroxe.nitc each conl3in three mcdium4 graincd 
subunits comprising a lower and upper layered sequence 
separated by gabbro..djoritc brcccia. Contacts with the oli· 
vincclinopyroxeniteare shnrpand dcpositionnl.1bc layered 

Pboto 9.3. Rcvcnc modal grading (R) or plagiocl.,. and amphi· 
bo~ cryst1ls in layered gabbro,.dk>rite within olivine cHDOp)'· 
roxcnilC. Tulamccn River section. Lcucog11bbro•leu,codiorile 
s.cg..rcgation vcinJ& (V) arc injected parallel co. and across.. the 
la)'cring. 

gabbro-diorite units preserve a wealth or sedimentary fea· 
tures including modal grading of plagioclasc and ferromog• 
nesinn phcnocrysts (largely amphibole) in which thcdcnsity 
groding may be nonnal or reverse in different layen (l'boto 
9.3): and erosional unconfonnitics which transect earlier 
layers (l'bo10 9.4). The latter fea1ures consis1ently indicate 
that stratigraphic tops face west 1ownrds the dunite ''core ... 
The bl'CCCiatcd layers contain rounded to angular gabbro
diorite blocks enclosed in o. unifonn gabbro-dforite mcso-
stOSi$ th3t may be sHg.htJy more leucocratic or melo.nocrat.ic 
lhan the majorily of the blocks. Most of lhe above fentun:s 
may be related to the action of m3gmatic convection cur
rents or mass wasting of previous-ly crystallized cumu1a1cs. 
Boll> gabbro-diori1c unitS are c,,riched in sulphides which 
nppeor lo be concenlnlted in lhc upper layered gobbro-dio
ritc subunit 



Photo 9.4. Layered hombkndc·beariJlg gabbro-diori1e. Tulamccn 
Ri\•cr soction. Nocc erosion.at uuncacion or layering (E) Indicating 
stratigraphic tops faoc right (up!lt.rcam) or wcsL 

. ~ 

Phoco 9 . .S. Scg.rcga1ion vein Mor kucogabbro-kucodioritc cut· 
ling base of l:l.)'Cted ga:bbro-diorile(G). undertying olivincclinopy· 
roxcnitc unit (Px) and an intermediate uml.ilizcd 1..one (I). Note 
diffuse margins of vein in ga.bbf"o.djoritc and sharp oon1.ac1S in 
pyroxenite. 

A prominent feature of the go.bbro subunits i.s the pres· 
cncc of leucogDbbro--lcucodiorite veins nnd s1ringcrs con
t3ining acicuhu ··quench'' amphibolcs. These veins crosscut 
and p:ltllllcl lhc layering forsho11 di<UU>Ccs, and locally tran
sect both the upper and lower contDcts with the pyroxenite. 
Where this- occurs, many veins that have diffuse mnrgins in 
the gabbro-dioritc form sharp contacts with lhe pyroxenite 
(Photo 9.5). These textural aod mineralogical feature.< indi
cate that leuc.-ocratic vein material formed when 1roppcd in-
1ercumulus liquids migrated out of gabbro cumul:.ncs. 
Migration o(inlercumului; liquids in lhisca..~ may well have 
been promoted by rJpid loading of the cumulate pile caused 
by sudden deposit.ion of cumulates from dunite•pyroxcnitc 
density nows. 

CONTACT RELATIONSBJPS 

NICOLA . ULTRAMAFIC ROCKS 
Evidence of intrusion into Lbe Nicola Group is rare. 

However. such relationships have been observed 0.5 kilo
metre south or Blnkeburn Creek. near the gabbro-ultramnlic 
oonroct.. where raflS of Nicola mcu1scdimentary rocks are 
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intruded by gabbro ond hornblenditc, and in mafic pcgma
titc, exposed in loggin,g cuts on the western slopes of Grass· 
hopper Mountain. which contains angular xenolilh..1 ( <40 cm 
across) of hornblende docile derived from Nicola wall rocks. 

GABBROIC • ULTRAMAFIC ROCKS 
Relationships bc1wcen gabbroic and ulttamafic rocks 

arc complex. Intrusive breccias with a net.veined cexture 
comprising gabbroic blocks set in a hornblende clioopy
roxenitc. homblendite mcsos-tasis were obsc.rved at several 
localities. In Ncwion Creek, thin (<IS cm) hornblende cli
nopyroxenite dikes intrude gabbro and both arc crosscut by 
lcucocratie gabbroic stringers ( I cm). In the Tulameen 
River. gabbro--dforite is interlayercd with olivine clinopy· 
roxenite and Fiodlay (1963) no<ed gabbroic dikes cuning 
hornblende clinopyroxeni1e. These rcla1ionships poin1 to 
more than one episode of gabbro-dioritc crys-talliiation as 
opposed to remobilization of previously solidified gabbros 
(Fiodlay, 1969). 

DUN/TE· OUVINE CUNOPYROXENITE 
Thin (<20 c m) olivine cUnopyroxcnitc dikes cul dunitc 

on the southern Oank or Olivine Mountain and nol1b of the 
summit of Grasshopper Mountain near the dunite·py
roxeni1e contact. In 3ddition. pyro,c:cnitc veins 3 rew centi
mc1res in width occur in clinopyroxenc-bearing dunitc 
exposed in the Tulamcen River below the confluence. with 
Britton Creek. These veins exhibit poslcmplaccmcnt 
boudinagc and may represent cHnopyroxcnc-rich intcrcu
mulus liquids thal segregated and migralcd through hot 
dunitc ot the brinle.ductile 1ransition. 

OU VINE CUNOPYROXENITE · 
HORNBLENDE CUNOPYROXENITE 

lbe onJy contact between hornblende cHnopyroxcnhe 
and olivine clinopyroxcnite examined in detail was that 
which crosse.,: the Tufa.mecn River near the western margin 
of lhc complex. Herc. hornblende clinopyroxenitc with peg· 
matitic masses of hornblende, clinopyroxcnc, biotile and 
magnetite grades into a medium 10 coarse-grained olivine 
clinopyroxenite cut locally by thin (<8 cm) dikes of finer 
grained pyroxenite. 

SUMMARY OF CONTACT RELATJONSHJPS 
Findlay ( 1963, 1969) concluded from his observations 

of contact rchltionships that the gabbroic and uhnmafic 
pans of the complex represented 1wo scpara1e in1rusions, on 
early gnbbroic.<fioritic m.ass invaded by an ultra.mafic body 
in which dunitc was the la.st unit cmplaccd. One ou1crop in 
the Tulamccn River section that was used to suppon intru· 
sion of dun.ice into olivine clinopyroxcnilc has been re-in· 
1erpre1cd in this srndy as representing the products or 
=gmnlic debris Oows that incorporated pnnly eonsolidaied 
duni1e-pyroxc.nitc layered cumulate sequences. These rela
tionships. and the occurrence of pyroxenite dikes cutting 
dunite, suggc<t thal the dunile crystalliud prior to the py· 
roxenilcs. The nUJin body of gnbbroic rocks to the cast may 
largely predate emplacement or the ultrnll1lll'ic rocks, al
though locali1.ed gradntional contacts nre observed. Thin SC· 
qucnces of gabbro-diorite cumula1es inlerlayercd whh 
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olivine clinopyroxcoite. and gabbroie dike$ cu11ing horn
blende clinopyroxcnite poin1 to a protracted history or gab,, 
bro-dioritc crystallization involving more lhan one inOux of 
pon::otaJ magma. 

STRUCTURE 
Scruc1ural dal:l for !he Tulnmeen complc. and its hos

trocks nrc given in Fig·urc 9.5. 

REG/ONA L FOLIATION 
A penetrative foliation. generally striking north•nonb• 

wes1 and dipping ~'teeply to the west, is especially pro· 
nounccd in Nicola mctascdimcnlary rocks and is a lso 
eviden, in !he Moun! Lylton-Eaglc Pluionie Complex and 
mafic;:.ult.ramafic units or the Tulamcen complex (Figure 
9.5). Wilhin !he Nicola Group, !he foliation is parallel 10 
bedding and axial planar to eastward-verging minor isocli
nal fold~ in thinly huninatcd argillitcs. tuffaceous siltstoncs 
and crosscuuing quartz veins. lbeaxesoflhese folds plunge 
gcnlly (5 to 20°) 10 1he north. Suucturcs rcla1cd to !his phase 
of defonn:1tion are exposed on lhc Tulamccn River road at 
!he eon1ac1 of rhc Eagle granodiori1e and Nicola Group. 
Apophysc..~ of granodioritc lhat inlrude Nicola marbles are 
boudinagcd and folded about axes lying within !he plane of 
!he regional folio1ion (Photo 9.6). These st.ruc1ures lic 01 lhc 
casrcm margin of !he Eagle Shear Zone, • ductile zone of 
MjddJc to Lute Jurassic contractionnl def onnotion with eas1-
ward-vcrging regional kiocmatic indicators (Greig. 1992). 

CHROMinTE SCHLJEREN 
The distribution and structural cont.rots or chromitite in 

lhe Tulamccn comp!~ have imp0r1an1 economic impJica. 
tions. Extensive areas of duni1e exhibit a weak to strong 
folia1ion that is variable in ouitude but generally steeply in
clined (Figure 9.4). Chromititc schlicrcn arc locally oricnlcd 
wilhin the fo1iation and serve 3S 11ruc1ural indic-a1ors fot 
strain within the d:unite. The schJieren are generally 0.5 to 2 
ccn1irnetres in width and 5 ro 25 centimetres Jong. The most 
nolllblc concentrations or chromititc were seen on the south
cm Oanks of Grasshopper Mouniain. Boudioagcd chromi· 

, 
l'llolo 9.6. Boudinaged and tigh1ly folded dikes of Mount Lyuoo
Eagle gronodiorile(G) pcncllllting lhlnly bedded. <lwn<d nwblcs 
(M) n.nd mka schi.slf of lhc Nicola Group. Nicola schistosity is 
:uiil planar to roldcd dike$.. 
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titc layers and tight to isoclinal minor folds have been ob
$CrVCd, as well a., pccuJinr ''ring S'truetures .. lhat may re.pre
sent cross-sections lhrough domical folds (Photo 9. 7). Somo 
of these structures are associated with the development of 
lhc roliation; other folds clearly postdate this fabric (Photo 
9.8). In the lancr case. the fol iation is emphasiicd by mi
caccous alleration products(serpcn1incand talc) and serpen
tine veinlets have been folded. Evidently, !he latter phases 
of ductile deformation cook place at tcmpcracurcs below the 
upper thermal stabi.1ity limit or serpentine (<500°C). 

Although data arc sparse. there appears to be no con
cen1.ric arrangement of e ither the foliation or chromititc 
schliercn wilhin !he dunilc Iha, might be cxpccrcd during 
emplacement of a crystal mush (Findlay, 1963. 1969). How
ever, there is some indication lhat radfoal changes in the 
attitude of the fabric ore related to faulting. such as the 
change from northerly to predominantly casrcrly dipping 
structures across a north•trcnding fauJc bisecting Grasshop
per Mounraln (Figure 9.3). Despite these complexities. iso,. 
clina.J fold.$ in chromilite sc-hliere.n and the layet•pam.llel 
foliation within the dunlte mimic structural clements in the 
country rocks. It seems reasonable 10 equate the locally 
penetrative fabric or the dunite wilh the rcgion:il fol iation. 
Chromititc,sch1icren within the dunitc presumably represent 
vestiges of fonncrly much more extensive cumulate layers. 

Photo 9.7. Chtomititc layers (Cr) exhibiting ring S1ruc1ure (R) 
or ··cond<>m·· fold in dunilc. Grasshopper Mountain. 
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Phoco 9.8. Hinge ionc or rare minor fold in st.ronaly foli.atcd 
scrpcntinizcd dunhc. Tulamocn River road. Serpentine vcinkts 
(Sp) tying within the foliation predate this fokling e ... e,u. 

Photo 9.9. Tightly folded mylonill>.ed gabbro-dioril< a1 lhc: oonh· 
wcs1crn c.uremity of the complex.. west of Grasshopper Mountain. 
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BRIITLE AND DUCTILE FA ULTS 
Hlgl,-.anglc faulis arc well c.,cposcd in lhe Tulomccn 

River section (Figure 9.3). Thecnsicm nuutin oflhedunite 
is sheared and locally contains a cataclastic breccia com• 
prising rounded dunitc fragments SCI tn a scrpenliniud ma· 
trix. A major high-angle fault ot lhe contact between lhe 
major units or olivine clinopyroxenitc and gabbroic rocks 
in the bed of the Tulamccn River is marked by a mylonitc 
zone 3.5 metn.s wide containing sheared quartz veins and 
disseminated pyrite. The gnbbroic rocks near lhe fault zone 
arc hc4vily soussuritiud. locally pyritic. cut by veins of po
uw-ium re.ldspar. and rarely ptcscrve primo.ry cumufa.tc lay. 
ering. An unfoliatcd ma.fie dike intruding the mylonite 1..one 
confirms lhat ductile faulting was prc~Eocenc. 

All of the contacts belween the Tula.meen complex and 
Nicola Group observed in lhe field. wilh 1hc few exceptions 
noted earlier, arc duc1ily sheared or faulted. A package o( 
slJ'Ongly schistosc to mylonitic rocks is distinguished at the 
northwes1cm margin o( lhe complex (Figures 9.2 and 9.3). 
Phyllites, chloritc-muscovlte-biotitd:a.mphibolc schists and 
myloni1cs charac1<ri.ud by well-developed Oascr textures 
ond amphibole auge.n orc all represented. Coniacis bc1wccn 
lhe mylonitic rocks and Nicola Group arc gradational and 
marked by increasing degrees of ductile strain whereas 1hc 
ultram•fic conuic1 appears more sharply defined by faul~ . 
In a logging cut on the western side or Grasshopper Moun
tain, foliated gabbros with incense mineral elongation. schis
tosc layers a.nd quB.rtt rodding have been tightly folded 
about minor fold axes plunging up to 45e wesH>0rthwcst 
(Pbo10 9.9). These rocks were originally mapped by Find
lay ( 1963) os part o( lhe Nicola. but lhey clearly include 
rctrogrodc bodies of hornblende clinopyroxenite and g•b· 
bro. 11le mnrgin or the intrusion In this area is interprcuxt 10 
rept'C5Cnl a ductile shear zone truu ha.~ subsequently under· 
gone folding and faulting. A thin (2 m wide) shear zone with 
a similarly complex history occurs in hornblende c.linopy
roxeniteabout 100 metres south of the summit or Lodestone 
Mountain. 

At the eastern margin of the complex, nonhcast of 
Grasshopper Mounuiin. mctn:-widc pods o( homblcndi1e 
arc imbricatcd with Nicola vok:anic breccias along heavily 
chloritiz.ed high-angle shear wnes. The attitude of the con .• 
laet and the planar (11bric in rocks at this boundary com~ 
mooly appears concordant with the regional folia tion. 
Farther south along lhe same shc4r zone, at Olivine Creek. 
the intensity of mineral elongation Hneations in Nicola tuffs 
a.nd minor gabbroic intrusions increases dromatically to
wards the contact. J_n gcneml. lineation.s due to rodding a.nd 
mineral st.rooking developed ot the margins and locally 
wilhin lhe intrusion ore gently 10 modcra1ely plunging (10 
to 35°) to the oonhwest (Figure 9.S). Examination of kine
mn1ic indicators in lhc field suggests tha.t ma jot nonh-north· 
wes1-1rending high-angle faullS bounding lhe complex. and 
some fauh 1.oncs within the complex, have a dextra) com· 
ponen1 o( motion (Rublee. 1994). 

Brittle deformation of the Tulamcen complex i.s com• 
monly related to northeasterly to easterly trending high-an· 
gle faulis manifested by zones of intense brccciation. clay 
fault gouge, qurutz. and carbonate veining. and manganese-



sta.ined slick.ensidcd fauh surface.~ Brecciated dunite is well 
exposed near the mouth of Britton Creek. FragmcnLS arc 
subangulor to well rounded and cemented by co:usely crys-
1nllinc scrpcnline (antigoritc?) ond finely com.minuted 
duni1e .. The brcccia is tectonic in origin and localized by a 
northcnsMrending fault along the Tulamccn River (Figure 
9.3). A high-angle fault at the northern tcnnination of the 
complex ha, co.used extensive brccci:uion of all exposed Ii~ 
thologies including Tertiary dikes. Slickcnsides along lhe 
fault plane indicate a vertical compooent of motion. 

MINERALIZATION AND 
GEOCHEMISTRY 

'The disrribulion and mineralogy of the PGE in bedrock 
and placer occurrences in the Tulameen di.strict an: treated 
in detail in Chapter 10. Newly discovered and previoosly 
recognized sulphide localities ore shown in Figure 9.3. The 
most notable new showings occur in thin gobbro-<liorilc 
uni&s within olivine clinopyroxcnitc in 1hc Tulamccn River 
section (Figure 9.4). Herc. sulphides, predominantly pyrite, 
ore disscminnted lhroughout lhe rock and locally line frae-
1urcs. All of these sulphides arc confined to 1hc heavily saus
suritiud gabbroic rodes and appear to be secondary in 
origin. 

Analyses or PGE and othcT metals in 100 Jilhogeo
chemica.l sample., from the Tulamcen complex and Nicola 
Group are presented in Tobie 9.1. Sample locations arc 
given in Appendix C and shown in Figure 9.6. Four geo
chemical laboratories were used and three different onalyti· 
cal methods, lncluding instrumental neutron actjvation, 
inductively coupled plasmn mass spectrometry Md atomic 
absorption with 3 graphite furnace finish (see footnotes in 
Tobie 9.1 ). The higheSl abundances of POE ore found in 
chromitites G.nd reach 3 maximum of 17.5 ppm platinum. 
430 ppb iridium and 140 pph modium in sample GN-87-40. 
Chromititcs enriched in PGEeontain low palladium (82 ppb 
or less) and urc cbaractcrized by very high Pt/Pd ratios. Gold 
:ibunda.nces are unifonnly low apart from a sing.le nnoma· 
lous hornblende clinopyroxcnite (102 pph, Table 9.1). A 
distinct fcnturc of the dato is the h:u·ge. variation in the abun
dances of Pt, Pd and Au in different splits of the same sam
ple. 'These variations appear much too large to be attributed 
to djf'fercnce.s in analytical 1echniqucs or errors alone. and 
point to sample inhomogeneity caused by the presence of 
discrete platinum-group minerals (PGM). These minerals 
and the geochc.mic:al signaiurcs they create arc treated more 
fully in Chapt,:r 10. 

SUMMARY: STRUCTURAL AND 
EMPLACEMENT HISTORY 

The Tulamccn mafic-ultrnmafic complex records a pro
longed nnd complex history of locally penetrative ductile 
:tnd brittle defonnalion. Grccnschist-grnde assemblages 
prevale,nt in the Nicola Group cast of the complex increase 
10 amphibolite grade in the west as the contotl with the 
Mount Lyuon - Eagle Plutonic Complex is approached. The 
oldc..~t struc1ures recognized in both the Tula.mecn complex 
and host-rocks of lhc Nicola Group are a westward-dipping 
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layer-parallel foliation and associated northwest-plunging 
minor isoclinal folds. These data a.re consistent with a Mid
dle to Late Juraulc phase of ca.ttward.verging contractional 
deformation(Greig, 1992; Greig <1 al .. 1992). Adjacent to 
the Tulamcen complex. however. we have been unable to 
demon..<trate any large-scale recumbent stratigraphy. Major 
ductile shear roncs or faults orient,:d along the strike of the 
complex were indeed active prior to Early Tertiary intrusion 
of granitic stocks and dikes. Faulting in the Tulamccn Riv<r 
section involving imbrication by thrusting or folding may 
partly explain the intricate repetition of clinopyroxcnite and 
gabbro unilS in the nonheastern and southern parts of the 
complex. Kinematic indicators within mylonitic fabrics in 
ductile faults at the margins of the complex provide evi
dence foradexttalscnscof shcar(Rublcc. 1994). These fault 
movements may be related 10 early motion along the Fraser 
- Straight Creek fault system (Monger. 1985) bu~ unfonu
nately. the magnitude of displacement is unknown. Nonh
ea.sterly and easterly trending cross faults are. related to a 
Tertiary "transtc,nsionar structural regime prevalent at this 
time in thesouthwc.stcm lntcnnontane Belt (Monger. 1985). 

Evidence for folding and lhrusting of the Nicola Group 
by mid-Cretaceous time is found in the Cache Creek - Ash
croft area. Herc, Tmvcn; (1978, 1982) documented struc
tural c lements in Nicola and Ashcroft strain 1hrn arc 
remarkably similar to those desc.ribcd above in the Tu· 
lamecn region. Furlhcnnorc, he demon..<truted the presence 
of large-scale recumbent folding and easterly directed 
lhrusting in response to eastward ovcrthrustlng of the Cache 
Creek Tcrranc on Quesnellin. Using these data, Monger 
(1985) speculatively linked the eastern boundary of the 
southern Mount Lytton - Eagle Plutonic Complex with its 
southwest-dipping gncissosity and adjacent concordant 
schist belt (Nicola Group) wilh the eastward-verging struc
tures near Ashcroft. Our interpretation of the struc1urc of the 
Tulameen complex and Nicola host-rocks is consistent with 
Monger's speculation that the two regions represent differ
ent strucru.ral levels or the same fold and thrust package. 

Findlay ( I 963. 1969) int,:rprcted ultramafic rocks of the 
Tulnmcc.n complex as reOecting an original igneous :r.ona .. 
tion formed in a "proto-strutiform" laccolilh-like body in the 
order dunite. olivine clinopyrox.cnite, hornblende clinopy
roxcnite. ~ 1.onal configuration of uniL, expressed in out• 
crop was formed subsequently during forceful cmplaccme.nt 
of the dunite layer (or "eorc''), intruded as a panly eonsoli
dotcd c rys1nl mush into 1he overlying pyroxenites (or 
"shell'"). lbc dunite provided a "piston-like'' locus of stress 
for defonnation :ind tihing of ovcTlying gabbroic and sur
rounding country rocks. Crysuillizolion and emplacement 
were regarded as pnnly synchronous wilh regional deforma
tion or Upper Triassic Nicolo rocks in order to explain the 
lack or well-developed cumulate layering wilhin the com
plex. 

Uocertainlies regarding the suuc1ural evolution of the 
Tulamecn complex o.nd the paucity of intrusive contacts pre
cludes any finn assessment or origimtl inlrUsion geometry, 
although a sill-like body modified by faulting appears rea
sonable. Gradational contacts among pyroxenite unjts (es
pecially in the wcstem hnlf of the complex), intcrlaycrcd 
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TADLE 9.1 

ABUNDANCES OF NOBLE METALS AND OTHER ELEMENTS IN THE 
TULAMEEN COMPLEX AND ASSOCIATED ROCKS 

Loc:al.i1y Sample ANI, .. Cu Zn NI C. ,.. Sb Pl Pd Rh Ru Ir Os Au 
Method ~,~ 

Chromitiie and Ouomidffflltls Ounilc 

26 ON-87-28 260.0 10.0 13.0 d 4, 1 J.O 11 .0 
26 GN-81-28 • 21.00 dOO 884 74S67 I.S IM 307.0 <IS 10.0 4).0 IJ,O <l J.J 
24 ON-87-29A I 29.0 d 2.0 d 1.7 <2 <0..1 
24 0N•87•29A 4 8.50 dOO 12.11 m5 <1 <0.2 60.0 55.0 2.0 d 4.S <l <I 
N ON-87-298 I 220.0 s.o 8.0 d 11 .0 <2 1.9 
u ON·87•29B 4 11.00 dOO 12JS 25378 <I 0.7 381.0 11).0 s.o <5 2J.O <l 2.2 
22 0N.f7.)0 2 4 40 1300 2.0 1.0 I I.I <0.S :u 
'2 ON-117-30 3 7.6 "°'' 0.7 
'2 ON-87-30 4 I LOO dOO 1418 5152 <I <0.2 16.0 72.0 <I <5 2.1 <l 2. 1 
23 ON-87-32 2 18 SJ l37 4.0 <O.S IJS.O <0.S J.6 
2J QN.87.32 3 3,4 <0.1 1.3 
2J ON-87-32 4 28.00 169S 1253 261110 .. , o.s <JO <JO 11.0 )7.0 76.0 6.0 1.2 
23 ON-$7·J2• 3 11.6 "°'' 2.1 
32 ON47-33 2 9 67 396 2.0 <0..1 2060.0 S.6 12,4 
32 ON-87-33 J 502.o 2.6 0.3 
)2 ON-87-33 4 25.00 1126 1000 223322 ). I 0.4 1316.o <30 14.0 d 223.0 14.0 1.3 
33 ON•87•34 2 II 76 1132 11.0 7.0 715.0 6.2 2.9 
33 ON-87-34 3 608.0 6.4 I .I 
33 GN-87-34 4 11.00 dOO 926 20339 <I 0.S 749,0 82.0 3.0 d ,., <l u 
)2 0 N•ll7-3S 2 8 125 816 2.0 1.0 269.0 2.1 9.4 
32 0N•87.JS 3 3 12.0 2.6 1.2 
32 ON•87-J5 4 17.00 dOO 10$3 48334 <I 0.3 318.0 <JO 9.0 17.0 IS.O <l 2.S 
IS ON-87-36 I 6.0 16.0 <I d 0.3 <2 o.s 
JS GN.87•36 2 3 41 1600 14.0 1.0 <1 <0..1 2.2 
IS GN-87-36 3 1.8 <0.1 0.4 
14 ON•ll7•J7 1 1300.0 7.0 16.0 10.0 17.0 7.0 9..1 
14 0N•87•J7 2 s 33 1100 2.0 2.0 2445.0 8.8 11.9 
14 ON•87-l7 3 2003.0 8.1 2.9 
18 GN-87-38 <79 <5 2.0 d 6.2 <2 <O.S 
18 GN-87-38 2 s 27 1500 2.0 0.5 16.8 <0.5 4.,5 
18 GN-87•38 ) 22.8 <0.1 0.1 
20 CN-87-40 . 1.1000.0 40.0 140.0 <lO 430.0 37.0 17.0 
20 GN47-40 2 18 80 ISO 1.0 J.O 17541.0 71.2 SS.2 
20 GN-87-40 3 9869.0 64.9 22, I 
20 CN-8741 41.0 d <I <S o.s <2 1.5 
20 GN-87-41 2 2 32 1200 <I 0.6 66.6 2.2 40.7 
20 ON-87-4 1 3 116.0 <0. 1 <0.1 
•• ON-87-110 S7.0 d <1 <S 0.3 <2 I.S 
44 ON-87-30 4 1).00 dOO 992 2292 3.S 0.9 &8.0 18.0 2.0 d 0.7 <l 1.7 
10 GN,87-146 I 2500.0 5.0 20.0 <10 17.0 8.0 2..1 
10 ON-87-146 2 8 46 878 1.0 J.O 9297.0 73.) 32.J 
10 ON,87-146 3 3189.0 23.4 3.8 
19 ON-87-147 5600.0 15.0 S6.0 <S 140.0 20.0 21.0 
19 GN-87-147 2 17 127 IOS 2.0 ) .0 79SJ.0 S8.8 26.8 
19 GN,87,147 ) S527.0 46.7 22.8 
19 ON-87-147 4 22.00 681 796 1"60S 26.0 I.I 8348.0 <JO 70.0 <IS 243.0 50.0 40.0 
19 GJ,,1~87-1-17• 3 S'.IBO.O 39.S 15.) 
20 GN..S?-148 I 5300.0 12.0 67.0 so.o 220.0 25.0 IS.O 
20 ON-87-148 3 4762.o 19.3 18.9 
20 ON-87-148 4 17.00 <500 1062 IOS550 <I S.8 7)98.0 <IS 68.0 <20 247,0 48.0 23.0 
)4 ON-87- IS9 I 810.0 8.0 11.0 39.0 6.5 3.0 1.7 
34 GN-87- IS9 2 7 78 1100 2.0 <O.S 1073.0 25.0 S.8 
)4 ON•87-IS9 3 837.0 6.4 d).I 
)4 GN-87-159" ) 1067.0 7.6 <0.1 
72 GN-87·166+ 2 9 69 729 1.0 J.O 450.0 2.1 4,.) 
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I..Oi;.:i111y S..mpk AMI. "' Cu z,, Ni c, As Sb Pl P\J Rh Ru It Ot Au 
Mcd>Od ...... m 

Ou.nikl 
27 GN,8"1-10 2 ' 29 270 16 .0 0.S 4.7 <(>.5 2.9 
27 GN-l!J-10 3 5.0 <0. 1 <0. 1 
2·1 GN-87- 10 4 3.80 <500 336 1497 < I <0.2 17.0 13.0 2.0 <.S <0. 1 <3 3.6 
29 GN-87-llA 2 2 52 1200 3.0 2.0 7.1 <0.5 2.6 
?9 GN-87-1 IA 3 7.6 <0.1 o.J 
29 GN-87-IIA 4 8.70 <.SOO 1134 1971 <I Q.6 <.S 41 .0 <I 60.0 1.3 <) 1.8 
29 GN-37-118 I <!J 14.0 <I 0 0 .3 <2 4.2 
29 GN-87-118 4 7 .10 <500 1186 1382 2.9 0.2 <20 1.0 .56.0 0 .7 <) <I 
30 GN,87- 12 18.0 17.0 < I <.S C).4 <2 I, I 
30 GN-87-12 • 12.00 800 887 182.1 3.7 0 .3 90.0 46.0 < I 12.0 0.6 <3 2.2 
)5 GN-87-24 2 II 5' 9'15 19.0 1.0 420.0 3.3 3.7 
35 GN,8"1-24 3 106.o <0.1 <0.1 
35 GN-87,24 4 8.60 <.SOO 1036 1306 5.0 0.4 110.0 57.0 <I 42.0 0.9 <) 3.3 
41 GN,87_,8 I S3.0 16Jl < I <.S 0.2 <2 0.7 
41 GN-87_,8 • 7.80 506 900 1192 2,7 1.3 67.0 <.S < I 0 C).4 <) <I 
37 GN-37-51 ? 6 9 1 1900 1.0 1.0 6 1.4 21.5 59.1 
37 GN-$7,SI 3 11.8 <0. 1 .0.1 
l7 GN-87-SI 4 9.80 <500 179S 2873 < I <0.2 18.0 23.0 l .O 0 1.2 <3 <I 
,1 GN,87, 79 I <!J 0 <I <.S 0.5 <2 0.6 
4) GN,87-79 2 3 36 930 ,.o 0.6 213.0 OJI S. I 
43 GN-87-79 3 IJS.O <0. 1 <0. 1 
46 GN-87-86 4-0.0 <.S <I <6 0 .2 <2 1.9 
<6 GN47-86 2 s ,z 867 1.a.o 2.0 90.8 0.9 3.0 
46 GN,8"1,86 3 ll6Jl 0.9 <0.1 
82 GN,87, ln 40.0 <.S <I <.S 0 .2 <2 1.5 
82 ON,87- 177 2 JS 73 3SS 26.0 2.0 28.3 <0.5 3.7 
32 GN-87-ITI 3 27.l <0. 1 0.8 
82 GN,87,177 4 9.JO <500 1036 <100 21.0 1.3 ?7.0 9.0 <I <.S 0. 1 <3 1.2 

Serpcnli.nitc 

18 GN-87-39 <.S 0 7.0 <.S 0.2 <2 I, I 
18 GN-87-39 4 S.30 <500 1386 39S9 3.2 , .. <.S 41.0 < I <20 <0.1 <) <I 

01.ivinc C,inopyro.xcnilc 

48 GN-87-77 120.0 0 <I <.S 0.1 12.0 1.8 
•18 ON-87.77 4 12.00 <500 S91 645 1.6 1.3 11 7.0 19.0 1.0 <.S 0.2 14.0 < I 
47 GN.$7-84 I 150.0 <.S <I <.S <0. 1 <2 2,4 
47 GN-87-84 2 6 21 201 1.0 <0.5 190.0 2.2 3.3 
47 GN,87-84 3 66.0 0.4 o.s 
47 GN,87,84• 3 63.2 0.9 0 .4 
7 ON,87, 143 ? 4 31 300 s.o 0,7 6.9 o.s 45.8 
7 GN-87-143 J 20.7 0.2 <0. 1 
7 GN47-14J • 7. 10 <.SOO 34? 135 4.4 °" 7.0 3-1.0 <I <.S <0. 1 <3 < I 
8 GN-ll7, 144 2 2 46 660 Ul <0.$ 56.1 0.7 9.2 
8 GN,87, 14' 3 4UI o., 1.2 
8 GN-87-144 • 7.30 <500 699 2090 < I 0.3 60.0 S2.0 2.0 <.S o.s <) 1.3 
9 GN-87- 145 ~ 3 JS 99 ,.o <O.S ).2 4.7 9.6 
9 GN-87- 145 l 3.7 2.5 1.2 
9 CN-87-145 4 19.00 <.SOO <)00 <100 <I o.J <5 20.0 <I <.S <0. 1 <3 < I 
31 GN,87,160 llO <.S <I <5 <0. 1 <2 ,., 
31 (lN,ll"), 160 ' J.<10 580 ?JS 2017 <I 0.3 <20 <15 <I <30 <0.1 <) <I 
25 GN.,S7-16J I 32.0 s.o <) <S 0 .1 <2 0.9 
25 GN,81-163 4 9.90 <.SOO 988 2239 I. I <O.l 3S.O <.S < I 24.0 0.2 <) <I 
73 CN,87, 167 2 3 23 210 2.0 <0.5 8.J <0.$ 3.6 
73 GN,87, 167 3 7.5 <0. 1 <0.1 
73 GN-87-167 4 ,.oo <.SOO 30I 1432 <I <0.2 19.0 <IS <I <.S 0.2 <3 ).6 ,. GN-87-168 I <.S <S <I <S <0. 1 <l 3.4 ,, CN-.87•168 4 6.50 <.SOO 189 1580 1.4 0.2 10.0 <10 <I <S <0. ) <3 2. 1 

82 Gtt1logieal S"r,.-,o• Branch 



Table 9./ Ct.Hllh'lllrd 

l,.o¢Qlity Snmpl< Anal. r .. Cu Zn Ni Cr ,., Sb Pl I'll Rh R• Ir 0, "· Mc1hod 
"' \l, w!> 

7S GN-87-170 • 6.30 <SOO 21>1 1592 3.6 0.2 8.0 4S.O <I 11.0 0.2 <3 4.1 
7S GN·S7-170• 3 7.3 <0.1 1..5 
79 GN,87•174 7.0 <5 <I <5 <0.1 <2 7.9 
79 GN•87- 17;1 2 IS 24 182 1.0 0.9 13.A 1.3 8.3 
79 ON,87, 174 l 9.1 <0.1 0.6 
19 GN-87-174 4 2.00 <SOO 374 1274 <I 0.4 <20 <30 <I <30 <0.1 <3 2.4 
80 QN.87,J75 I 7.0 <5 <1 <5 0.2 <2 2.·6 
80 GN-87-175 2 II 127 14S 1.0 <0.3 1.0 2.4 3.3 
80 0N..g,'J. J7S 3 2.9 1.8 3,6 
80 GN,87,115 4 8.20 <SOO <100 1182 <I <0.2 <5 43.0 <I <5 0.2 <3 2.3 
83 GN,87-179 I 8.0 <S <I <5 0.1 <2 1.4 
83 GN,87-179 2 3 19 187 1.0 <0..1 7.8 <0.S 2.9 
83 GN-87- 179 3 S.6 <0. 1 o.s 
83 ON-87-179 • 2.llO <SOO 313 120$ <I <0.2 <20 <5 <I <30 <O.I <3 2.6 
,s ON,87-81 SJ.O <5 <1 <5 0.3 <2 I.I 
4S ON,87,81 4 4.30 <500 <100 242S <I 0.2 20.0 <S <I <S 0.2 d 2.2 

Hombknde Cli.nopyroxenitc 

12 GN,87-7 38.0 23.0 <I <S 0.3 <2 o.s 
12 0 N•87-7 4 IS.00 906 196 26:1 <I O.• 60.0 78.0 <I 11.0 0.4 <3 I.S 
J6 GN-87-22 I <S 12.0 <I <S <0.1 <2 I A 
J6 ON.87•22 • S.60 <500 106 3006 <I 0.6 <S 19.0 3.0 <S <0.1 <l 3.9 
16 ON-$7-1$ 32.0 67.0 <I <S <0.1 <2 1.8 
16 GN,87-1.1 2 269 92 207 <I 0.8 36.A 99.S 4.6 
16 GN-87-a 3 JS.3 92.6 4,8 
so ON,87-73 <S <5 <I <S 0.1 <2 2.4 
so ON,87-73 2 J1 M 22S 1.0 1.0 109.0 0.6 2.1 
so GN-87-73 3 1.8 1.8 0.3 
SJ GN-87-88 4$.0 13.0 <I <S 0.2 <2 1.3 
SJ GN-87-88 2 IS 76 30 2.0 <G.5 ,u .o 8.0 101.0 
SJ ON-87-88 3 67.0 4.3 o., 
S7 0 N417,9JA 2 9 86 ss 3.0 <0.3 4.7 o.s 11.2 
57 GN-87-93A 3 S.1 0.4 1.3 
S7 ON,87-9)A 4 n oo 8S6 <100 113 <I 0.2 12.0 <IS <I 7.0 0.1 <3 2.0 
60 GN-87°91 2 6 82 76 1.0 <O.S <I 1.6 7.3 
60 ON-87-97 3 3.S o.s <0.1 
S6 ON,87-101 16.0 12.0 <I <S 0.1 <2 0,6 
S6 ON,87,101 4 22.00 <500 <100 <100 <I 0.3 <S 2S.O <I <S <G.I <3 <I 
62 ON-87-102A 2 7 72 110 2.0 119.0 74.3 17.0 34.2 
62 ON-87-IO?A 3 , .... 14.7 0.7 
62 GN.a-7-IO?A • 17.00 <.'IOO 130 193 <I 0.4 S7.0 62.0 <I <S <0.1 <3 <I 
62 GN·87-102U 2 s 70 120 1.0 o.s 17.9 J.9 3.8 
62 G.N-87- 1018 3 20.6 4.0 <0.1 
62 0'1,87-1028 4 ll .00 <500 202 438 <1 0.4 18.0 8.0 <I <S <0.1 <3 <I 
ss ON-87- 114 17.0 s.o <I <S <G.I <2 0.9 
54 ON,87, 117 9.0 <S <I <5 <0.1 <2 7.3 
54 0N•87•117 4 11.00 <SOO <100 <100 <I 0.4 10.0 7.0 <I <S <0.1 <3 1.3 
63 ON•87·127 <9 <S <I <S <0. 1 <2 0.9 
63 GN+87-127 4 15.00 <SOO 103 166 <I O.J 6.0 11.0 <I <5 <0.1 <3 <I 
68 GN417-129 I 11.0 22.0 <I <S <0.1 <2 1.6 
68 ON-87-129 2 199 68 102 1.0 <O.S 12.6 16.0 9.7 
68 GN-87-129 3 11.0 10.7 6.2 
40 ON-87-ISO <11 <S <I <S <G.I <2 <AS 
40 GN-87, ISO 4 9.70 <500 198 1335 1.8 <0.2 22.0 6.0 <I <20 0.2 <3 2.1 
38 ON-87- ISI I 18.0 <5 <1 <S 0.2 <2 <O.S 
38 CN,87-IS I 4 s.so 797 103 829 <I 0.3 18,0 l4,0 <I <20 0.3 <3 l.l 
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British Columbia 

Tnblt 9./ con1ini,ed 

Locality Sample Ana.I. Fe Cu Zn Ni c, "' Sb Pl Pd Rh Ru " 0, Au 
Melhod WI~ 

Homblcndc: CJinopyro,c:eni1e - Mylonitic 

•2 ON-87•149 17.0 d <I d OJ <l 4.4 

42 ON-87-149 2 S7 80 83 6.0 1.0 17.6 11 ,4 3.1 
42 GN-37-149 3 11.9 9.2 <0.1 

l-lombkndc, ClinopyroXC'tt.ite - Pl:gmathle 

39 ON,87-IS2 2 s 61 Ill <I <0..5 1.6 1.8 2.9 
39 GN-87.JS2 3 I.I 0.8 0.7 
39 GN,87, 1$2 4 22.00 <SOO m 194 1.2 o., 1"4.0 6.0 <I d 0.1 <3 2.2 

Homblendltc 

52 GN-81,90 d 14.0 <I d <0. 1 <l 2.9 
52 GN-87-90 • 18.00 dOO <100 201 3.l 0.5 82.0 JJ.O <I d <0.1 <3 6.0 
63 GN-87-126 I d 40.0 <I d 0.2 <2 3.7 
63 GN-87-126 4 19.00 <SOO Ill 24S 2.0 0.J 27.0 17.0 <I d <0.1 <3 <I 
67 GN+87·128A 7.0 12.0 <I d <0.1 <2 3.3 
67 GN,87· 128A 4 1.a .• 00 6S7 1<8 <100 4..5 1.0 <d 40.0 <I d <0.1 <3 <J 
6S GN-87-13 1 I 18.0 14.0 <I <S 0.2 <2 0.6 
6S GN'-87, 13 1 4 22.00 dOO <100 <100 <I 0.2 :!4.0 <S <I <S 0.2 <3 <I 

Hombkndile with Sulpb*l 

II GN-37-SS <S 5.0 <I d <0.1 <2 3.4 
II GN-111,SS 4 19.00 1655 <100 <100 9.1 0.5 8,0 33.0 <I d <0.1 <3 4.4 

Oabbfu0 0iori1,c 

71 GN-87-3 I d <S <I d <0.1 <l I. I 
71 GN,81-3 2 37 19 6 2.0 0.8 4..5 4.l 4,J 

71 GN,87,l 3 4.3 1,4 dl.l 
13 GN-87-9 16.0 S8.0 <I <S o.s <l 0.8 
13 GN-87-9 2 IOS 83 13 3.0 1.0 8.3 18.7 4.8 

13 GN-87-9 ) 7.6 1$.2 Lil 
SI GN,87-92 <S <S <I d <0.1 <2 ).0 
S I CN,87•92 4 7.50 dOO <100 <100 6,0 0.1 d <30 4.0 <20 <0.1 <3 2.8 
6 1 ON47-12.a 2 47 89 8 3.0 1.0 <I .I 14.I 6.3 
61 GN..S:7-124 3 l , I 9..5 0..5 
61 GN-87·124 4 13.00 dOO <100 <100 2.6 0.7 d 9.0 <I 12.0 d), J <3 l.J 
6-1 GN-ll7-12S I 9.0 19.0 <I <S <0. 1 <2 0.6 
64 CN,87-12S 4 IS.00 I JI I <100 <100 1.9 1.0 IO.O 18.0 <I <S <0.1 <3 <I 
69 CN,87,130 1 6.0 10.0 <I d <0.1 <2 1.8 
69 ON-87-130 4 10.00 <SOO Ill <100 I.I o.s 8.0 21.0 <I <S <0.1 <3 4.8 

66 ON-87-132 I d d <I <S <0.1 <2 3..5 
66 CN-87-132 2 138 78 12 1.0 <O.S <I 8.8 9.8 
66 ON-87-132 3 .... 4.8 ?.2 
70 CN,87-133 <S 5.0 <I d <0.1 <l 1.6 
70 (;N,87, 1)) 2 29 106 16 2.0 o.s <I 8.9 .... 
70 CN,87•1ll 3 1..5 6.S 1.6 
11 m.:.s1.n2 <S d <I d <0.1 <2 2.7 

11 CN-87-172 2 IOS 106 26 <I <O.S <I <O.S 8.4 

11 ON,87-172 3 0.2 0.2 1.6 
11 GN-87-171 4 1).00 <SOO <100 176 <I <0.2 9.0 22.0 <I <S <0.1 4.0 2,1 

78 CN-87-173 I 9.0 <S <I d 0.) <2 6,1 

78 CN,87-173 2 110 8S 111 1.0 <0..5 3.2 1.9 S.4 
78 GN-87-173 3 1.6 0.4 <0.1 
78 CN,87,173 • 1.60 dOO 169 232 I.I 0.4 <S ?6.0 <l <20 <0.1 <3 1..5 

86 ON-87-182 I d d <l <S <0.1 <2 4,1 

86 GN,87-l82 4 9.20 911 <100 <100 6.4 O.J d n .o <I <S <0.1 <3 ... 
84 Grologicol Survey Branch 



Ministn• o(Empfo)'!Mnl and ln-..·u11Mnl 

Tobit! 9.1 a,,11Utwd 

Locality SOfflpk Anal. Fe c. Zn Ni c, A, Sb Pl Pd Rh R• ,, °' Ao 

Method .. .,. 
2ll ON-87•183 d d <I d o., <2 S.'2 

28 ON-87· 183 2 44 89 283 1.0 <M <I 2.4 J.6 

28 ON-87- 183 3 I. I <0.1 O:.l 

28 ON•87• 183 4 8.20 <500 279 S79 <I <O.l <l 11.0 <I <l O.? <J 1.7 

Hornblende G:abbro-Oiorite with SulpMdcs 

76 CN-87-171 <l d <I d <0.1 <2 1.7 

76 GN-87,17J 4 8.60 <lOO ISO 260 3.8 <0.2 <l 18.0 <I d <0.1 <J J.J 

81 GN-87·176 ' <l 11.0 <I <l 0.2 <2 1-' 

81 GN•87-176 4 7.40 <S()() 263 348 3.2 <0,2 d 59.0 <I <15 0.1 <J 1.9 

84 GN,8'1-180 I <20 <l <I d 0.1 <2 2.0 

84 CN•87-180 2 78 76 115 4,0 <O.S 2.9 0.9 3.S 

g.1 ON-87-180 4 8.90 <S()() 254 407 4.8 <0.2 <IS 21.0 <I <25 0.1 <l 3.1 

85 CN-87-181 I d d <I <l 0.1 <2 1.9 

8S ON~· 181 2 20 95 191 1.0 <O.S <I <O.S 3.• 

8S GN~•l81 J 2.7 <0.1 1.4 

8S GN-87•181 4 7.20 oOO 39-1 423 1.2 o.s <l 18.0 <I 19.0 0.2 <l 2.4 

HOMblcndc Gabbro · Dioritc (My)onilic) 

61 GN-8'M2SC 2 14S 180 1000 8.0 1.0 5.0 10.7 4,2 

61 GN,87-12llC J J.6 7.J 1.2 

61 CN·81-llSC 4 16.00 <lOO 2;10 JIO <I 0.J d 12.0 <I <l <0.1 <l 2.0 

!I CN•87•18SA <l d <I <l 0.2 <? 2.2 

21 CN•87•18SA J 7.60 <SOO 394 603 s.o 0.3 d J;l.0 <I d O:.l <J J.O 

17 GN•87•1S7 I 11.0 d <.I d 0.1 <? ,.., 
17 GN,87·187 2 68 58 123 1.0 <O.S <I 0.8 J,.J 

17 GN-81•IIJ7 3 2.2 I .I 1.i 

17 CN,87•1117 4 J.20 oOO 228 166 <I O.J d <l 80 <20 0.2 <J 2.1 

M:.gac1itc 

SJ GN-87-87 2 24 JOO 183 100.0 2.0 "44.0 18.J 68.1 

n CN,87-87 J '.l4J.O 17.4 0.7 

SJ CN,87·87 4 87.00 68J <100 S37 IA <O.l Jll.0 44.0 2.0 <l 0.6 J.O 1.5 

S8 GN,87•9JH I <l <l <I <l <0.1 <2 1.9 

58 GN,87,938 2 4 99 74 25.0 1.0 2.0 0.9 9.9 
S8 CN•87·93B J 3.7 I. I 1.7 

58 GN-87•9311 4 19.00 <lOO 190 1A6 19.0 0.1 <l 35.0 <I IS.O <0. 1 <J 1.9 

59 CN-87-103 I 14.0 11 .0 <I d <0.1 <2 <0.5 

59 GN-81-103 2 15 92 780 1.0 1.0 17.9 2.1 4.) 

59 GN-87·103 3 18.2 1.8 0.6 

S9 GN-87-103 4 77.00 <S00 144 439 <I <0.2 8.0 10.0 <I <l <0.1 <3 <I 

Nkob. Group Vok~nk; Rod:$ 

49 GN-87-19 2 6 '.l4 • 2.l 3 o.s 
49 CN-87-20 2 JI 95 J II 2 o.s 
21 GN-87-56 2 II 63 10 19 J o.s 
5 CN·87-S9 2 81 68 41 51 0.7 

J GN-87~ 2 188 93 52 62 I o.s 
GN-87-68 ? :?98 44 8 27 3 o.s 

2 GN-87-<:IJ 2 48 61 90 251 0.7 

J GN·87·70 2 ISi 56 10 42 s o.s 
6 ON,87-'71 2 70 &I 64 161 0.5 
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British Columbia 

A.n.alYJC$ or Mic mcWI mllCk on 50g splilJ of roelr: pct'll,'dn using rm•llU3Y pn:conccntnu)n followed by: 

I • lnstNmcn&al ncuuon aaivatim (Aclh"'oltioo LabonJoriH L&d .. Anca~cs. On&llrio): B. Hoffman. an,J)·s1. 

2 • Alomk akorpcion sp:ccromcuy • g,aflbltc: rumatt finish (AAalylicaJ Labmltorics. B.C. Ministry or 

&crgy, Miav:, :and ~ trolcutn R.C$0Urtct. Victoria. British Col1.1mbi1): W. Johnsoo, i:uufys.1. 

3 • ll'Cluctiv,cly coupled pl.uma INIH JJIC,'C'lmmctry (Cicodt¢~I Laboralotks, C'~ I Sun't')' ~r C.o.icb. 0U.W"I): G . .B.M. Hall, anAlysL 

4 • lltRfU.mCntal ncutson ac:d,•uion (ln,ti11.11 N.111ion:t1 de l.1 Rc:chcrchc Sdt:ntlrlql)e. Ooottuoun:c.,. Sainic--foy. Quebec): M. Bergeron. OMJyst. 

• Ouplieare SU:ll!Samplc • E.rrCMivcly s,erpcntini7.cd 

Sample:$ whb As <80 ppm an:iJy,;~d by method 2 'A'i:tc rcNn u,iqg 0 • .5 g or rod; powder and n hydride uuacdon 1cc:h11ique: Sb IINll)·scs 
were done Of) lhc tan,e hydrklc tolution. 

Oc1«1ion limiu; I ppb rot Pt and Au; 2 ppb ror Pd aod Rb: neutron aech·.!ltK'I\ Clc:1ocdon limits vary with wt1pk con:ipos:ltkan 
Sample Joca1W)ft:1111t· glwn in Appcndi.s C and aho,rr,·n QQ Mtq> 5 and Figure 9,6. 

dunilc-pyroxcni1e c·umuln1cs. and evidence for a common 
pctrogenetic offiliotion (Findloy, 1969). suppon Findloy's 
concepc of a single diffcn:nthued intrusiYc body. However, 
emplacement of ultrnmafic units as o high·tcmpcralurc crys ... 
tal mush is unlikely to preserve the dclictu.c modal lilycring 
observed in thin gabbroic units within olivine clinopy• 
roxenitc. In addition. igneous cumulate tcx1ures 3tC widely 
presen1cd nnd tcctonitc fabrics localized in ductile shear 
zones. The general lack of magmatic layering ls al Jen.st 
J)3Jlly ouribu1able 10 periodic remobiliuuion and slumping 
of cumulruc sequences peDCCOntcmporaneous with dcposi-

86 

tion. Some chromitite schJicren, however, have undergone 
1cc1onic Rworldng by nowage during scrpcn1iniz.:uion of 
host dunite and regional mccamorphism. Moreover, it seems 
unlikely 1h01 lhc rise or dense cumulo1es was triggered by 
regional contractional deformation in the Jums:sic to Crcta• 
eeous since crys1alliza1ion or lhc rcldsp;ilhic phases or lhc 
Tulomccn complex has been doled a.s lo1es1 Tliassie 10 eor
lics1 Jurassic (Rublee. 1994). II is more likely 1h01 !he 
diapiric re-cmplactmcnt mcchani$m for Afaskan-typecom
plexes is invalid, as s.hown earlier for the Polaris complex 
(Chopiu8). 

Gtolo&ical $.urwy Bronc.Ii 



Mi.nislrv o[Empfown.tnl and lm-<JttM.nl 

CHAPTER 10 PLATINUM-GROUP-
ELEMENT MINERALIZATION 

Alaskan-type ultmmafic-mafic complexes and spa
tially associated placers are wc11-·known hosts for plat:inum
group element (PGE) deposits (e.g .. Aldan Sh.ield nod Ural 
Mountains, USSR; Youbdo. Ethiopi•: Choco District, Co
lumbia; and Goodnews Bay, Alaska; cf Cabri, 1981) nod 
rtprc~nt one or the most favourable environments for PGE 
in the Cordillera (Evcnchick ti of .. 1986; Rublee. 1986). The 
PGE typically occur as o dominant commodity (Cabri, 
1981). 

Based on mineralogical associations in lode occur
rences. three subtypes or POE deposits arc recog.nizcd 
worldwide. au or which contain discrete platinum-group 
minerals (PGM) (cf Nixon and Hammack. 1991 ). The 
chromititc-PGE association rippcars to be the most impor• 
rnnt and widespread: 3 magnc.titc>PGE subtype is known 
from o.t lcast two complexes, Tulnmcen in British Columbia 
and Lower Coon Mountain in northern California (Gray et 
nl .. 1986); nod in a newly recogniied sublype from Fifield, 
Austtalia. the PGEarc associated with cHnopyroxcniles (Jo
han ti nf .. 1989). In all three associa1ions. bosc mc1al sul
phides are of linle importance. 

NOBLE METAL GEOCHEMISTRY OF 
ALASKAN-TYPE COMPLEXES 

Strong.ly anomalous abundances or POE in Alaskan
type in1rusions in British Columbia have httn reported pre
viously rrom 1he Tulomccn (Findlay. 1963; SI. Louis ti al .• 
1986) ond Wrede Creek (Chop1er 6) complcxc.,. nod less 
pronounced anomalies have been detected in the Polaris 
complex (Chapler 8). Normali1.cd ooblc mclal abundance 
patterns for rocks rrom Alaskon-1ypc complexes in British 
Columbia :ind other mngm:uic environments are plotted in 
Figures 10.1 10 10.S. In general, Alaskan-type complexes 
exhibi1 :.1 distincti\'e M-s-hapcd PGE-abundancc pattern in 
which a number of specific features are evident; 

• Chromit.ites con1ain the highcs1 11bsolute abundances or 
platinum (and iridium) and have high Pr/Pd ratios. This i~ 
a typical Alnsk.an-1ype fca1ure (Cabri. 1981 ) and reOcclS 
the accumulation of discrete PGM. predominontly pla1.i
num4iron a lloys. rather than solid solution of PGE in sili
ca1csnodoxidcs(S1. Louise1al .. l986; discus..scdbclow). 

• 1be a.bunda.nccs of PGE ore much lower in other rock 
types. and the abundnncc or palladium increases with dlf· 
fcrcntjat.ion. reaching a maximum in pyroxcnites. This is 
uccompanicd by a conco,ni1an1 decrease of the Pt/Pd ratio. 

• Gold is generally unifom1ly low, al1hough gabbroic 10 
dioritic rocks at the Johanson Lake and W redc Creek: com
plexes appear uoomalously enriched (Figure 10.3); how
c\•cr. absolute abundances or gold remain low. 

Bulltlin 9J 

• Th~ p:.mems fot magm:uk sulphides in the Tumagain 
coYYplcx exhibit n fairly smooth enrichment in POE with 
a posilivc slope (one pGttcm is notably cmtic) culmin:11-
ing at palladium (Figure I 0.4; Nixon ti al., 1989). The 
relatively low ovem.U abundances or PGE are somcwha1 
surprising in view of the known a..ffini1y of POE for sul
phides. As sulphide immiscibilily was reached relatively 
ca,ly in the crys'U\lliunion history of this inltUSion (Clark. 
1980), it is probable thn1 the mnntlc source region was 
dcplelcd in PGE. 

• Magnetite hori1..ons in hornblende clinopyroxcnires or the 
Tulamecn complex arc IOC".ally enriched in platinum rela·· 
tivc 10 thcolher PGE (figure I 0.1 ). Althougb it is pc,ssiblc 
that platinum is eontllined in magnetite solid soluuons., the 
prc.~nc.c of dispersed PGM can.not be ruled ouL This un;
usual feature is a good example or lhc comparatively rare 
magneti1c-PGE nssocio1ion (Sub1ypc 2 or Nixon nnd 
Hammack, 1991) and occounlS for locali1.cd platinum soil 
anomalies detected by prospectors over hornblende clino. 
pyroxcnitcs in some parts of the Tulameen complex. 

• The M-shnpcd pauc.ms for- Alask.an-type complexes a.re 
quite unique in comparison to rocks from other geologic 
environments. Note thal ophiolitic assemblages typically 
have pallems of opposi1c slope, and chis is also true for 
British Columbio. oehiolites (Talkington and Watkinson, 
1986). The distincuve charactc.r or POE abundances in 
Alaskan-type intrusions ha.~ imp0rtun1 ramifications for 
exploration for PGE dcposhs in CordJlleran scuings. The 
geochemisory of the PGE is rcOcctcd in the presence of 
discrete PGM as described below. 

PLATINUM-GROUP MJNERALS IN THE 
TULAMEENCOMPLEXAND 
ASSOCIATED PLACERS - A CASE STUDY 

In soulhcm British Columbia, plntinum nod gold-bear
in,g placers in the Tulnmcen-Similkamcen river systems his
torically have been ,ignificanl producers or PGE. yielding 
an estimated 620 kilograms of impure platinum between 
1889 nod 1936 (O'Neill and Gunning, 1934: Rice. 1947). 
1ne source of the pl111inum has been t.rnCed to ultrnmri.fic 
rocks of the Tulomccn Alaskan-type complex whereas the 
origin orlhc gold hos traditionally been related 10 a younger 
episode of regional vein-type mineralization. According lo 
Rice ( 1947), lhc ratio or aJluvial platinum 10 gold increases 
from about l :4 in the lower reaches of the Tulamccn and 
Similkamccn rivers to about I: J in the vicinity of the mane~ 
ulltllmafic complex. 

Modem studies of 1hc Tulamccn district have docu
menlcd a number of discrete PGM in both placer and lode 
occurrences (e.g .. Cabri et al .. 1973; Raicevic nod Cabri. 
1976: s,. Louis e1 al .. 1986). tn particular. S1. Louis ti al. 
identified several species of PGM, including platinum•iron 
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Ir. 4.4; Ru. S.6: Rh. 1.6: Pl. 8.3: Pd, 4.4: and Au. 1.2. lnverted triangles are vatucs hr.low dcccction limit£. 
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alloys and platinum antimonidcs and mscnides. We have 
funher chamcrerir.ed the !pcciation and composition or the 
PGM and coex.isting spinets. silicates and various base met· 
al mincn.lls in Tulameen chromitiLCS and associated placet 
material using scanning electron microscopy and quantita
tive clcctron-microprobc mclhods. Analytical details are 
given in Appendix 0 . The results are described below and 
discussed relative ,o the origin of POE mineralization in 
both lode and placer deposiis. Tbcsc data demonstrate qui1e 
convincingly that in situ POE mincralir.ation and alluvial 
platinum share a common heritage. 

CHROMITITE SPECIMENS 
Chromiti1.e samples wac collected from three different 

siltS on Orasshoppe, Mountain in lhc northern pan or lhc 
dunite body (Figures 9.2, 9.3 and 10.6). Previous wod< by 
Mr. D. Bohmc, formerly or Newmont Exploration Limi1ed. 
had outlined areas of platinirerous chromiti!C on lhc soulh
cm slopes of Grasshopper Mountain, and earlier St. Louis 
et al. ( 1986) had documen!ed POE-rich chromilitcs in a 
northea.st•soulhwest traverse across the summil of the 
mounta_in. ln this study, chromi1i1es rrom Grasshopper 
Mountain were rcsamplccl as pan or an e/Ton 10 more thor
oughly evaluate lhc POE potential or Alaskan-type com
plexes in British Columbia (Nixon, 1990). The abundances 
of PGE in wcll•anaJyzcd platiniforous chromiti1es tLre given 
in Table 10.1. 

The c.hromitiLCS typically ronn bulbous or incgular 
masses less than IO centimetres across. or occur as thin. dis
continuous schllcrcn I tO 4 ccntimcttts wide by up 10 4 mc
trCS in length. The core of these bodies consists of massive 
chromite tb'-t has i.nd.i.sdnct crystal outUnes and is locally 
crosscut by incgular rracmres. Tbe m.argins or chromititcs 
contain large ( 1 ·2 mm) subhcdn1l 1ocuhedral chromite crys
tals interspersed with olivine. and exhibit a sh3.tp gradation 
into tiny (<20 µm} grains or euhcdral spinet (I vol'll,) in 
enveloping duni1c. The margins of some schlicren exhibi1 
rings of euhedral chromite granules thot surround larger 
erysrals or cumulate olivine, similar to textures documented 
elsewhere (e.g .. the Tumagain Alaskan-type complex in 
nonh-ecnlnll British Columbia;Oark 1975. 1980). Tbcfor
matioo or massive cbromidte appears to have proceeded by 
coalescence of chromite grains of variable size during re
crystallization and annealing at elevated temperatures in the 
mnnner described by Eales (1987). Disruption and redislri• 
bution of chromitite horizons within lhe dunite appears tO 

have bce.n acc:omplishcd by intermittent slumping and ,ede. 

position of formerly stratified cumulates at a relatively carty 
stage of solidification of lhc magma chombcr (Chapter 9). 

PLACER NUGGETS 
The nuggets were obcai.ned from a variety of .sources; 

some have i>e<,n sUJdied previously by Cabri and co-workers 
(Cabri et al .. 1973; Harris and Cabri, 1973; Cabri and Hey. 
1974: Cabri and Fcalhcr, 1975: Raicevie and Cabri. 1976). 
1nc samples comprise rounded to subrounded monominer· 
alic grains or polymincralic aggregates lhat reach 7 milli· 
metres in dfame1cr and have a meta.Ilic luster. The Lincoln 
nugget was purchased from a local collector and is named 
for I.he .. Lincoln mine". a former placer operntion on the 
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Tulameen River situated about 0.8 kllomctrc below lhc 
moolh or Brillon Creek (formerly Eagle Creek). The "Hol
land" nugget was obcaincd from lhc Tulameen River by lhc 
late Dr. S.S. Holland, formerly of lhc British Columbia De, 
partment of Mines (Minisay of Energy. Mines and Petro
leum Resources). Sample Ml2410 is a vial or numerous 
place, grains obtained from lhc Royal Ontario Museum, 
Toronto. This material was coUected from a site on the 1\J. 
lnmccn Rive, bcUcved lO be ju.st upstream from lhc conflu
ence with Lawless (Bear) Creek (Figure 9.1). Three 
relatively large nugselS (M 12410.1. 2. and 3) were selected 
ror study. 

PETROGRAPHY AND MINERALOGY OF 
CHROMITITES 

Chromitites wilhin lhc dunite core or lhe Tulameen 
complex contain essential cbromiferous spincl and minor, 
variably serpcntiniud olivine. PGE~rich chromitites ex.hi bit 
a variety or discn:te PGM. lhc proportion of which, in rep
licate poli.shed sections. is highly variable and no doubt 

TABLE 10.1 
ABUNDANCEs• OF PLA TINUM•GROUP ELEMENTS 
IN CHROMITITES OF THE TULAMEEN COMPLEX 

Sample Pl Pd Rh Ru 1, 

ON87·146
1 

2SOO s 20 <10 17 
GN87- L461 9297 73 
0N87·146J 3189 23 
ON87-1471 .5600 1S S6 d 140 
GN87-1471 1953 S9 
ON87-147J SS27 47 
ON87-147) S380 39 (dup1ic.atc. $Ubs:uriplc) 
GN87·147' 8348 <30 70 <IS zo 
ON87-1481 S300 12 67 50 :t20 
GN87,14s' 4762 19 
GN87-!41!' 7398 <15 68 <20 2,H 
A\'tr.lg~ 

cl'lrcm,ilii.c• • l410 <8J 40 100 
(2220) (20) (40) 

•Conan1rati{)t11 in ppb • nc,t d~t~nnln.ed. 

Anolys,amad~ Ott 50-t ,pliu of rock p,.,wduusU11firt'-atlaY 
prt'cOllct'nlraliot1 of noble mdrJI, /ollowt'd by: 

Os 

8 

20 

so 
15 

48 

40 
(20) 

1 Irt11"""1t'Nlll ,muf'On oah'oriott (Ae1iwt.tltm I.Aborotorlu LJ,l. 
Ancoster, Onran'o) 
1 au,,nfc obsorpdo" 1ptC'1rontr1ry-gropl,itt'f"-mou finW, (kwly tit'ol 
l..obol'arorle,, B,C. MUIU.try of E-,v·. Mlrcu (Jnd Perro/,.um 
Retourru, Vlc1oria, BritiJh Col,m,bloJ 
J indMcrO'tly oowpldl pllUmu ltlOJI spu1rome1ry (Gt'ochemiaJI 
Lobarotorlu, C.,.fHO!kal S,m~y of Ca"°"*, 01ta'l'l'O) 
' instrumenlal neutron octiWJtion ( /.lutlJuJ Nmianal dr lu Rld•rrrM 
Sckn1ifiqw, Ceorus~rtts. Soi11u.-Foy, (Jurb«J 
• •Jtfron t'OIIHl (1,"1/lda,d e.ffor c,f tltt' nlt'MJ from SI. Lot.Ii ,.,, al .. 1986, 

TtJWc4. 
Somplt' locorionl: GNIJ].J46: 230m NW of Gru.ulwpJHr MiHIIIIoin 
1ummlJ at J,/20 m (U,t. 49'"J'l.1'N. Um4. /2{ftSJ,tW): CN81,U1; 
1ou1hu11 1l.ope q/ Gra.ssliop/~' M'""'14in tJI I )10 m ( /.nl, JV' Jl,/ N. 
loflg. 120"$./WJ; CN87·148: 740,w SSW o/GraJJ~r Mo.,,uam 
summit al Jj40,n (IJ,t. 4tJ032.2'N, Lons. J2(1'$./\V}. 
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causes the significant range or PGE abundances noted 
above. Both PO&ricb and POE-poor cbromilitC$ contain 
minor quantities of base metal sulphides and =ides. and 
trace amounts of native mcblls and mcblJ oxides. Scrpcnti
nization is generally moderately pronounced in the dunite 
within a few mlllimetres or the chromitite contact Chromi· 
tile pods are also commonly m,verscd by bo.irlinc fmctw<s 
filled with serpentine. chloritc. magnetite, carbonate and mi
nor base mc14ls and base mel41 sulphides. 

PLA TINUM..(;ROUP MINERA.LS 
The POE in chromititcs are distributed primarily among 

Pt-Fe-Ni-Cu alloys. the most common POM, and gever..ite, 
rhodium-iridium sulpbar,;cnidcs. spcnylitc. pta1inian cop
per, platinum oxide, crlichmanite and Jaurite, listed in order 
or decreasing abundance. The POM arc found as discrete 
grain.$ or complex polymi.neralic intergrowths. 

The nomenclature of lhc Pt-Fe-Ni-Cu alloys is prob
lematical as there ls a lack or data for phase relations in this 
system. and even relationships along the Pt-Fe binary join 
are imprecisely known (Cabri and Feather, t97S). Identifi
cation of platinum alloy species requires clwactcriution or 
crystal structure as well as phase composition (Cabri and 
Feather. 1975) but no x-ray-diffmction data have been ob
lJlincd due to the small grain size of the POM. Howevc,, 
based on stoichiometric considerations and previous work. 

we tentalivc.ly recognize three species of alloys (fables 
10.2A and B.). 

Platinum-Iron-nickel-copper alloys, or simply plati
num alloys. have been po<itively iden1ified in more than 30 
euhedral to subhcdral grains ( <3S µm), and most are encap
sulated by chromite (Photos I 0.1-10.3). Their compositions 
arc plotted in Figure 10.7. Most grains plot ocar the centre 
of a triangle bounded by Ptfc (tetnfcrroplatinum), Pt:!FeCu 
(tulamccnite) and Pt:!Nifc (fcrronickclplatinum) (Figurc 
I0.7D) and an, not unlike alloy compo<itions from other 
occurrences worldwide such as Noril'sk. in the former So
vicl Union (Genkin and Evstignceva, 1986) and the former 
O,wcrwacht mine. Tn,uvaal (Cabri <t ol .. 1977). The lauer 
authon reponcd on the compo<ition of a tetngonal alloy 
approximately midway along the join PtlFeCII-Pt2Nifc 
(Pt?fcNio.sCuo.s; Figure 10.70) and S\Jggcstcd that it might 
represent a nickel and copper-rich variety of tetnfc,roplat• 
inum. 

The majority or the grains or Pt-Fe-Ni-Cu alloys ano
lytcd in chrom.itites ate stoichiometrically close to Pt(Fe, 
Ni. C\J), with minor iridium (0.17 • 4.8 wt%), pallodium 
(<0.S3 wt%) and rhodium (<0.57 wt%) substituting for 
platinum (Table 10.2A). We tcntatively regard this compo
sition as representative of lctrnfcrroplatinum, even though 
significant quantities of nickel (3.4 • S.9 wt%) and copper 
(2.3 • 4 .7 wt%) distinguish it from the ideal PtFe 

TABLE 10.2A 
ELECTRON-MICROPROBE DATA ON PLATINUM AU..OY INCLUSIONS 

IN CHROMITITES. TULAMEEN COMPUlX 

..._ °'* st. ~ .. - A-.io~ 

!!, fa!•l • .. .. • 0. .. C. .. .. ..... • •• .. • .. - .. C. "' a -
l . rt (Jle.Ni..0.,· ~ 1 

I Jh)J ,., ... ... o. ... •• U ,4 .., 4,1 O.l,J ..... '·"" ·- 1.01) o.,u Ult .,,, .... .... , ,. ••• , .. .,. 0.,0 1W ... u., ,., .... .... ... ,, 1.016 ..... . .., . .... ,..,, ..... .,, ...,. .. .., 
j ••• 77,J ... ..,. ..,. ... u., •• .., .... .. .,, """ G.009 ..., ..... ,.,,., ...., 0.111 ... U,} 

•• "' "·' .... .. ,, o.n .... " ,., ~, .... ,o.n ,..,. ··"" ..., G.ll02 ..... ..... 0.1.)2 G.11 .. ,,, 
' l.h.M 11.6 .. ., ... "" .... 14.I ., .. .... .. ... ..,,, 0.010 .. ,, ..... ·- o.m 0.1.Jl .,, --• 10., 10 ,,. ..,. ..,. 

· ~- &A. 

,.., ... ,., .... ..... ..... ..... O.Ol'J Q.CW ..... ... , 0,111 ...,.. ,.,. , 
'°'" 74,: ... .... ,... .... ,,., ,, ,.. ... "·" ..,,. .... , .. ,. _, ,..,. ..... 0 .1?1 ., .. .. .,. 

• hU 11.> ... , .... • .IO IMl ,u u ' ... ..... ..,,, ..... ... ,, ...., I.OU ...., 0.111 o.m ..... 
• ,., ,., ...,, .. ,, ..,, .... m " s.J O.OI ,,.,, ..... ·- ..... .... ,...., ...,, 0 ,1.) ..,,, G.ll02 ..... ,. 

'" , ... .... cu, .... ... '" u ,., ... "·'° ..... 0.012 ..... .... 1.01, .... 0 .11• o.ru ...., 
" ,., " .... IUJ ,,. ..... '" u ••• .... ,, ... 1.01• . ..,. ..... 0.019 1,0,0 ..,. ..,, 0..191 ..... 

2. Pl.u(H:, Ni, C.)u - laefu ' 1i.-'! 

" 10, 10 .... .... .. ... .... .., ,.., ,., ,.. .... .... , .... ...,, ...,., 0.011 Cl.006 ,.,,, IJtO ..... ..... U7) 

u· ' .. .... .. ,, OJO ..,. .... ,,., I .. .... N .ll u,o ..... . .,, ...,, ...,, 1.16S ..... ..... ,.,., ,. ... .,,. . ., .. ., ..,, .... " ,., u .... 99.tJ ,..,. ... , ..... ... ,, ,.,.. 1,121 .. ,., ..,., , .... 
" IOa 10 UJ .. .... .... .... ,,, ii L9 .... ,,,, ,.,., .... , . .,, fMHS 2.411 I .Ill ..... ..,,. ,.,., 
, .. ... .. .. . .,. 0..,0 OJA .... ,., I .I ,.. .•. ..... u,o .... , U:Zf 0.007 ,.,.. 1.2)9 .... ..,.. ,.., 
" 

,., 
" . .,, .,. ... ... ,, .. .. ,., .... 9U9 2.00 ....,. ClOII 0.111 ,..,, 1,114 .... .,,, ,.,.. 

). 1"1 : ~c.. Ni. 5'), . ....... , 

" "''" 
,,, .... .... ........ ,, IL9 2 ... "-" ,.,~, ...,, , ... , O.!U ,..., .,,. . .,,, ..,, 

" 10, 10 1}J .... . .,, 0,19 03 II.I .. , ,. . ~ .... UIS ll02l .. ,. ......... l .ttl "''' o.nJ .,,. ,..,. 
.. ~ • -~ i11 - - ~....._ ~ 1;,..·q ii w,, ..... : "11. IV. IIMo.JrJ:O, 0.1(): ~ .A0.'11, • W • _..,..,,.._ 
I • ..... --, '-""w_..;w M "'-' .. ~•••"'-I#: !. 1MrM ~-dlitl fr;'· Mio\~~ C.-Hi,F,~.,.,J 
,-,.,.; J . '*WI..,__~ IJ ·c,l. l: 14 · ws.111- "-ri,rr, IS • 1114111 ___..,._,,.,...,ni,,,,r.ld·r,/.4: II· ~,o-,1"#itt1Mttvr,,H: IP ·t:./. 
1$.. S.,.,,, 1,J: """'1pq / .4.. JZ.,4 II. It: (;/,1$7 . /"6/t: NW'fN.$ U:.• GN$1-ll16: AMlpn P.Jl:GNJ1,/46,A.· AM(y,i, 11: GJ41·1'6A. 
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Brltlth Columbia 

TAOLE 10.28 
ELllCTR0N-MICROPR08E DATA ON PLATINUM ALLOYS IN PLACER NUGGETS 

w~l&h! I!!! CCftll ,\"1ffli,c l.!2:l)Olld/1• ..., 
No. Pl .. Pd ,, •• C. NJ .. foc,j ... .. , . • s .. •• C. 

I. Jll(F•. Cu. NI). Wlnfffl1)f!Wlt1uai7 
I 71 O.<l .... 6.S . ... ... 0.22 ..... ...,.. 0.9< 0.01 .... 1.04 0.76 0.19 

l. l'l1Ft Md N.6(F~. Cla. Ni) u • ho(fflpwi111111111 

' 19.0 0.62 0,17 7.0 123 .... 0.,0 .... 100.2, .. l.J6 0.01 0.01 0.21 ,.., UI 0.09 

"·' 0,66 .... 1.0 12.1 0.92 0.21 .... lD0.97" 231 o ... 0.01 0.21 H9 UJ 0.00 

' ... , .... .. , 0.07 0.11 0.14 99.710 l.91 2.91 I.OJ 0.01 
l , ... 23 9.0 l>.11 O.JJ 0.11 99.MO 2.17 0.00 1.9l 1.02 0.01 
6 .... ,., ,., o.n 0.09 0.24 ...... ~ .. O.o7 2.98 0.99 0.01 

) . h2'C'C:u. tubmtc:niflff 
7 .... ... .... .. , 11., II 0.20 Ld, 9'.900· '·" 0.0) 0.17 ~.., 1.07 UI 

bn/Ju-., I, l. J, 7j,o,,f AtlUIO"'W&ff U ; attal),a .1. J, 6t,v,.llollofttl~. ,ul • ""'dt.""'1«1: • • nOt~ • • OutJldtf«Nft 
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Figure 10.7. Plou of compMilioni or placinum aUoys (atom ~) that occur in Tulamccn chromitile8 and placer nuggets. A. Alloys ploCtcd 
in the Pt-Fe.CU-Ni tecrahcdron, showing ideal oomposilions or isoCcnopla.tinum (PtJFe) and tetm!crropl:uinu.m (PtFc). 8. OJ-Pl-Fe 
projection or alloy compcnhHlflsonto the race of the tetrahedron. C. Ni-P'l•Fc projrcccion onto base of tetrahedron. D. Pl,tfc,-Pt?Cu1-Pl1Nl2 
equivalent plot of aUoy oompositons projected onto I.he PtFe-PICu-PtNi pl.n.ne in the tttrohedron (shown in A). NOit tm1 isofcrroplatinum 
ruKI teuaf'erroplatinum occupy the same point ln this projection. Tic UDCSconDeel cocmtin.g aJloy, (Analyse, 2-13 and 4-16. Table 10.lA). 
Compo,itioo,J elm for Tulamoen-Slmillciunc,,M plattr grain, 111ltcn from Cabri <I al. (1973), Table I). Cabri and Hey (197~. Table I). 
nnd Cabri and Fcathct (197$. Ta1,Jc 2). For purposes or lhese plou, all plaJlnum-group clcmcnr, ore included with P1. 
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---------------------------------'ie,f:,,in!!is.,1,..rvc,oe,f_,Empl,:,o own~nl and Jmv.stmcnt 

Photo 10.1. Sc.a.nning electron microscope (SEM) pho(omkrographs or PGM in cbrornltiics: A. Subhcdml indUJion of 1etrafcrropl~t· 
inum(?) (td) in c:hromile (e:nu) wilh II thin. m.vgin.'ll 1.onc or plAfinjan COppcr (Cu·Pt) nut so fraccurc (ON, 1478): B. Euhcdm.l inc.lusk>n 
of 1c1rafcnopl~1tnum (?) with mar&ina.l ahcnuion lO hollingworthlte (hol). Ncatby spclT)'lhc (spy) occuptcS • fracture in hosl chromite 
(GN87-146): C. Anhcdnll 1euafcnoplatinum(?) wilh hollingwortlril< surround<d by chromhc and serpentine (sil). Lighter grey rone at 
mllfg:in of chromilc is area of .. femtchromhe"'-m:ignctite (mag) n.ltcrJ.J.ion (GN87-1468): 0. Subhcdr-.al inc:tus,on of ~pcrryli1c, probably 
a pseodorrnorph aflcr pfo1inum alloy, straddling I fracture in chromite lined with ··-rcrritchromitc''·m:t.gnrtite (ON87- 146B). 81U' scale= 
IOµ mc,ocpt in 8 ( I µm), 
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Phoco 10.2. Sl!M photomJrn>cnphs or l'l•Fc alloy• In <hromiti«s: A. l!uhcdral lsoferropbtinum(?) incluooo In ehrorni,e (cmr) 
(GN87-148A): B. lluhcdn>.I iJOfc.rropbtinum(1) inclusion (GN87-146B): C. lluhednl oompo,:i,e l'l•Fe •lloy wilh periphcrol r<plattmcnl 
by pl4un,on copper (Cu-1'1) ood Ml>Ch<d euhcdn>.I Mg,nch chlonu: (sil) (GN87-146B); D.M•gmficntion or C showing lm,gul:u 
rntcrgn>w1h of rul1m<CnilC(?) (lul), isorcm,pl4tinum(1) (p<J ood pllllini .. copper (Co·l'I). Dor scale• 10 ~mcxecp, in O (I ~m). 
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Photo 10.J. SEM image or two mau.chtd tuhcdnl cryul.s or 
pl:..tinum alloy hoskd by chromi1e (bbclc) in Tuhunecn chromitite. 
Luger crystal has a core of ""lctrafcrroplalinum .. (ctn.rt grey) and 
rim of"'isofenopl11tinum .. (whitc)in Irregular contact with the core. 
lbc muller Cf)'SIDI s«rM ,o consbt entirely o( lw(cnoplailnum. 
probably bccau,,e lhc plane or lhc section tr>Ycr,es lhc rim or lhis 
<t)'S'41 (<f. Analy,a 2 and 13. Table 10.2A), 

stoichiometry. Abundances o( osmium and ruthenium arc 
system~u..ically below detection Hiniu. The tuoinic propor-
1ion., of :tPGE (49. 7-S2.S o,om'A>) c,ucnd 10 the composition 
or a grain of fcnoan plaunum (:tPGE:52.S<A>) in Simil
knmccn plocen, (grain No. 9. Table 2. Cabri ond Feather, 
197S). However. platinum :dlQys in the e.hromltites contain 
1wicc ns muchcoppcrll.lld on order of m3gniludc more nickel 
11um fenonn platinum in the pl:iccn. 

Sligh, diffcrcnccs an: observed among 1e11afcrropla1-
inum compos1Lions from diffcrcnl chromi1i1es. For example:. 
•lloy grains in GN87-147 fonn a tight grouping In n1<M1 ploos 
(Figun: 10. 7) and arc distinguished by• greater abundance 
of iridium and mnrpnally higher iron lhan stoichiomctri
eally similar grains of olloy in chromitite GN87- I 46 (Table 
102A). 

Grain.s of pla1inum ulloy whh compositions nearer 
Pl2.5(Fc. Ni, Cu)1.s (60.S-6S.6 otom'*' PGE) ore 1cn1Dtivcly 
assigned to isorcrroplatinum. idc•lly PIJFc. They cont:1in 
small amounis or p:tllldiut:n. rhodium and iridium (up 10 3.6 
will,). al'KI one grain corrics osmium. Whc:rca.11 ruthenium and 
ttntimony arc routinely below detection Jimits (Table 
I 0.2A). Absoluoc abundances or nickel and copper nrc con
sistently lower in isorerropl•linum than in 1c1taferroplot• 
inum (Tobie 10.2A. Figures 10.78 ond C), ond Ni/Cu ratios 

Min/JI 

arc slightly higher in the former 'Jl"Cics (2.6 ,·ersus 1.7 otom 
'*'• respectively). 

The mnjorityorthegminsof alloyseem tobe homoge
neoo.< in comJ)O"ition. Rarcly,cocxistlng alloys of Pl~ Ni, 
Cu) and Pl;u(Fe, Ni, Cu)u.,. found within a single grain 
(Table 10.2A, Analyses 2-13 and 4-16: Figun: 10.7). In one 
ease. • euhcdral cryslDI loclced in chromilC has • core or 
tclt8fcrropltttinum surrounded by an irregulnr rim of isofcr· 
roplatinum (Photo 10.3). As discussed Inter. this rim may 
result from • high-tcmperuturc subsolidus reaction rather 
than a magmatic O\'crgrowth (onncd prior to incorporntion 
within chromite. Grains of rclDtivcly nickel tlJld coppcr•frcc 
alloy of .. PliFc" bulk comJ)O"ition were repor1ed by Johan 
"al .. (1989) rroon primary mineralization in Alasknn,typc 
intruSions neat Fifield. Austntlia. The lo.ucr gralns. howcvc.r, 
comprise fine hclCrogcncous intcrg,owths orl'IJFe and PtFc 
that were accounted for by cooling within the rniscibillty 
gap in this part of the Pl-Fe sy51em (ef. Cabri and l'cllthcr, 
I 97S). 

Grains of platinum alloy with appreciable iron ond cop
per (and Sb in Analysb 18. Tobie 10.2A), and ronnuloc thn1 
may be expressed as Pl2(Fc. Cu. Ni, Sh)2, an: tenlDtivcly 
assigned 101ulrunccni1e (Pl2Fceu). The ontimony,rich grain 
contains 6.9 wt% antimony vcQu.S a maximum of 5.0 wi'I: 
in previously published anillyses of tulomecnite (Cabri " 
al,, 1973: Cabri and Hey, 1974). Minor substitution or rho
dium. paJJodium. iridium illld osmium occurs for platinum. 
One composilion fall$ on the PuFcCu-PliNiFc tic line: the 
other plots within the Pt2FeCu-Pl?CuNi-Pl?Cu2 triangle 
(Figun: 10.70). Locally, tul•mccnitc(?). uccompanicd by 
p1luinian copper, rorms complex inte.rgrowths with lso(cr• 
roplatinum •nd has partly rcpl:>ced the primary cuhedral 
grninof PI-Fc-Ni-Cualloy (Aruilysis IS, Table 10.2A: 1'11o10 
I 0.2C ond D). 

Gevcrshc (PlSb?) is ho•ted by either chromite or scr• 
pcntinc, ond locally occurs al chromite-serpentine conlDCIS, 
where it fonns anhcdral intcrgrowths with other PGM (ex
cluding Pt-Fe-Ni-Cu alloys) and base mct:11 sulphides, 
wsenides and antiononidcs. Gevcrslle hos been identified in 
fn1e1urcs, :occompanied by scrpcnoinc and caroonntc (Photo 
10.4A and B). •nd m•y form n:lict oon:sor compound grain, 
surrounded by bn,ith'1uplitc (Photo 10.4C), platinum oxide 
(Photo 10.40) or platinion copper and hollingwonhllc 
(Photo JO.SA). Rlln:ly, gcvcrsite occurt as subhcdral inclu
sions in cliromite thtu may rcprcsen1 a P"udomorph a.flier 11 
PI-Fc-Ni·Cu alloy (Photo 10.48). One large (30 µm) grain 
or gcvcrsitc contains inclusions of ira.rsite. Micropmbc 
GJJalys,c:s (Table 10.3) confinn thodium, iridium, iron, cop-

TABLE 10.3 
ELECTRON,MICROPROBE DATA ON GEVERSJTE rN CHROMlTITE 

Crain 
Wc,,iht p,:t ttnl Au,mk proponk>M 

An:IL Sue 
No. (l&ffl) Pl MJ, tr Fe a. Ni ·~ "' Toc.,l Pl MJ, " Fe a. Ni Sum Sb 

I IOxlS -12.9 a.d o.4 O.IIO o.v 0.12 '49 J.l 100.?7 0.93 0.06 0.02 0.01 1.02 1.9 
2 8,. 10 ·U.4 0.24 0. 14 0.92 ..... ..... S5.5 0.28 98.48 092 O.ot <0.01 0.07 1.00 1.9 
J lh l.S >2.9 0.18 o .. u •.d. .... o.n SS.7 ..... 99.7) 0.9S o.o, O.Ot 0.(>I 1.01 1.9 

,ut. • Ml Mttttr:d: ''""~""' "''"-'t<M Umi11 in "'1', ii, a": 1·,. c,., Ni O.OJ; RJ, 0,0 5: A... lr0.10. 
I, GN81-1°'6A: n,,nplrx ,o/Jffllnrrrtlk 1ro;n t11./tlt plntlnI,m tt,pf>i!I', N, twimonldr tmd ltollhtt•'OIVllfl' r.ttdostd In ,nagM.tl1C"-<ltromi1,_ 
2. GN81·14'A: ut tt1n1.xt •1th ~khe-dolomltr. 
J. G,'v8'/, IJ&A • In b"J.lhnur.11'tr .. ·Ith Pf o.xltk atdOJrd ,,, NrpmtiM 
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Brlluh Colurl1hio 

Phoio 10.4. SEM pho«omtcmgmphsof POM in fractures and complex muhiminernlic intervow1hs inchrorn.Jtit.e: A. f'TIICturcs in chromite 
(cm.I) fil)ec.l by serpentine (blx.k) and a platinum Mlimonide, probably gc\·cnhc (gv), Note allmdon or chromite 10 (enitchromitc-mag
nc:t1tc (medium grey) along wide fr.acturcs a, left (GN87-l48): 8 . Fissure In chromite filled by gcvcniitc C,v) and calcite (ca) ldjacent 10 

subhedral geversite gnun. probably • pseudomorph ofter primn,y platinum alloy in chromi1e (GN87- I 48A): C. Compound toned gnun 
of gcvcrsitc Ind brcilhlluplitc (blp) with a platinum oxide rim enclosed ln scrpcnlinc: (GN87-148A): D. Composite ~n of predominantly 
platinum oxide with relict gevcrs:itccncloscd in• vein of serpentine in chromil.C. Thin discontinuous rims of phuini.an copper (Cu·PI) :ind 
t n,ckcl antimonidc (Ni·Sb). prob:1bly brcithiupchc. also !ll'C pracnl (GNS7- 1488). Bar scale a 10 µm. 
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Minlsrrv o(Employm~nt and hn~stment 

Pholo 10.S. Sl!M phOlomJc-r<>g,apM of complex mineml intergrowth$: A. Large 1!1.ered grain with I COtt of gcvcrsitc (gv) surrounded by 
lrregular intcrgrowlh1 or brcithaupti1.e (b1p). pl:t.1inian copper (Cu-Pl) and bollingworthite (hol) fillin& im im.,aular fissure in chmmise 
(cml) I.hat i$ margin1lly Al!tTC'd to< I 69>fttritchromite< 170>-m:,gnctilc (m.ng)(GN87-146A); 8 . Complex in1crgrowth of platinian copper. 
111ck<l an1,Jllonidc (NilSb), n,ck<I arsenide (Ni-A.,) and nickel sulphide (Ni-5) <D<loscd by scrpcr,une Md m•gnctilc (ON87- 148A); C. 
lnlcrgrowlh of magnelilC and platinian copper in te',pcntlne (GN87,148A); O. Two !lnhodrnl groins of native: copper (Cu) in :i 

c:ubonatc-fillcd (ca-dol) fracture in c.hromitc (ON87-1478). Bar scale• 10 .,m uecpt in O (100 .,m). 
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Bruish Columbia 

TABLE 10.4 
EI.ECTRON•MICROPROBE DATA ON PLATINIAN COPPER 

IN CHROMmTE AND PLACER NUGGETS 

Wrq:)11 ptt«nl AIClffltl: prupo!110fl\ 

A"" Ocairi $1((' 

Nu Cpm) "' Rh '" ,, Cu .. NJ Sb Toul ,., Rh 

I l,J . JO JJO 010 OOl . ,. ... .... ... w ... , 0 .14 ..... 
' .... .... 010 00, .... .... WO IJO "" 0" <001 

' 
,,, .. , ... ... ... 110 0.71 110 !l'>.10 0,15 <CD.01 

• IS. "(I ,.., 0.10 0.0, "'·' ..,, 0'9 ... .. .,., 0,1(1 .... 
' IOa 11 ,.. .... ... '" ?.-10 )10 ,.,. ,._n 0 I) .. .. 
• 10 • 2$ ... . .., . .. u .,.o LJO 0.0, ... '""" .... 0.01 , 10 .. u 4!.-9 .,, o:., ,. ~a.i '-"' 001 •• . ., . UI <.0.01 

• 10 1 !) .... .... ..,. . .. J7J "" •• ... .. .. 0.141 

• ,, ., ... , ... . . , •• .., ... .•. ... .. .. 0,1 

10 ' . ., ,,.. 0 •• ..... "' ..I ... ••• ... ..... 011 <001 
I , CNV•14&t: ht snpffltin,; 2, ON#1·/~l: ,0·111 l'r m id<', fl'l'UJitr, "'J''mi,~ o,wl f./trOfffilt.: J. GN81-1"'8B: "i'tlt 
/o.'1 -""""'-1NU and lrunit, bt dtn•1u1r; ,I (;NS7•14M ; .-lrl1 •wi111nlu {,. H,p,,ttiar, J, GNS.1-1"6: 11Uh N,-,m ,niid.-
i" H~,.,iMf 1) bt,w,,,,. dlfOntik 1rwlm: 6. &. J.IIUIO. , .. ,,,,, •J. /() 1J1iirf'OIM.t-""._.id, nn,.,tw..p,,I i11,·/t,fl0ff 
tit /1,i~lr.-. 9 Md 10. J.1/1.,1/0, ""IZ" I } • -.1 ,'r,,.ft'lr 111 t"'kt1t1r,tt/t. 11.oi • 1111W dt.t.-t.trJ, • """'tltumdwd. 

TABLE IO.S 
ELECTRON-MICROPROBE DATA ON PLATINUM 

OXIDE{?) IN CHROMITITE 

Pl •• • Sb O• Toul 

._.. 2.6 1.67 100.00 
l ,0-1, S 2.J.l,O 

"ihyittt ttr di/f,rt:1ttt. • • lta111,. c .... v .1,u: ~.1 lflWltifflWn,Uc 1M11 •·i'tA ,,.,.,.,,,idll Nlf'P#, ,wtt_t 
'11tl'lmO#lidr, ~nitrl '!J a,wJ ,.,c.u, tt,.wr.-' ..,.,..,,,,/HI ttr ur,-.tW, 
M«Cllrll'tt. ""'tlwtlffJit«. 

TABLE 10.6 
ELECTRON-M ICROPROBE DATA ON THREE 

Ni-Sb MINERALS IN CHROMITITE 

"' " 
<11.01 

d>.01 

<11.01 
<001 ..... 
dlOI .... 
<11.01 00) ..... ..... 
<11.01 <0.01 

\Vc.1ght pet t'CDl Alomtc proporuom 
Allll, Cir.im Siu 

c. . ., 
O.IJ ... 
012 
on .,, 
on ... .,. ... 

"' No Sb 

<001 .. , <0.01 

"'" dl.01 001 .. , 001 .., 
001 001 .... . ., ... <l.Ol 
OJ>< ... , ... <O. OI 

• •• 
001 
0 0 1 

No. (µm) Ni Co r .. ,, Pl RJ, Sb To1~1 Nt C• 1-c b ... kb Sum Sb 

I 5' 20 31. 1 11.8 0 .90 7.0 0_24 0 .79 47.8 99,63 I.J<, 0.48 O.<>< O,Cl'J <0.01 O.ol 
l JOA60 31. 1 0.32 n.d. •.<l 1.7 0 . 14 65.9 99. 16 0.91 0 (JI 0.02 di 01 
3 1 • 12 ~1.6 0.26 0.66 •.<l n.d. o.<l 40.5 99.02 l.95 0.01 0,1).1 

1t.d, a lfOldt.ltt:IM: m/,el.lf'l111m dt'trClio,, Umiu In""· lit,ar,~ Fr 0.01: Rh 0.0$: Ir, 111, Ar Q 10, A.1 ,.~u nm dtttt,t'd, 
/ , GN81-/<1$H; U1:1drterm1nrd,NI. C.r)!Sh ,m"nual complaly IJT1trtrOM,t M'flh pln,f,tfafl cop~ran.d irariit, .-11, l0.1<d"' rhroni lt, 
1. (;N8i-1<18A.: brC'llhaupH1.- In ,:ompt,s polym.b.croltc 1ra.fn M·i1lr ir,vr1ilt' arul Pt o.dJ"-,nclos.-d"' .St'Jkt1tiM, 

I 99 
100 
3 00 

J. GN87-l-18A: Wtd<ttmtlrt,td Ni)Sbminrrcd In ,:omplu J'(H)'mint:ralie 1n11'n ,.-,,It plmhdan t'O/'{l'et. und4'Ut1Nincd N1 tJNrllld4' DIMI 
n,fpltidr. surrou!'Hf,d by mo,111•1i,, which Lr ,ndosrd Uf Sl'f'fH'nllnr. 

A~I. Crain Site 
No. (J.lm) Ni Cu 

Sx8 58.8 0 .22 
2 IOx 2J 60.8 0.37 

TABLE 10.7 
ELECTRON-MICROPROBE DA TA ON AN 
UNUSUAL Ni ARSENTOE IN CHROMITITE 

WclJ!,N pu ttl'II AIOnUt' propor11on~ 

Pc AJ Sb Toual No Cu (-"(' Sum .. , 33.3 3 .2 99.62 6.47 002 047 6.96 
1.5 )4.) 1.9 98.81 6.12 01).1 0 17 693 

A, Sb 

1.81 0 17 
2.97 0 10 

t. GNIJ7.U6A: cc,mp/u fX)lymineralh: rrain tt·irh plotf.rtian "'Pl"'', NI n.lphidr and s""'II P,-F, aJloy gram ,,. 1ttas1tr11rr 2. GN!J1.J,168· 
comple.s polyminuoll< innn wrth lt11d,rrmun,d Ni (UUWt(Nt1dr_, plm1n1art coppt"r anJ gr•t.rsur ttN-101t.d .111 mtJg11n,,,.,,J,,mn1t<' 

101 
I.OU 
I 00 

Sum 

3.1>1 
} 07 

100 Gt".ologlcul Suf\·ey Bro~h 



pc.r, nic:kcJ o.nd arsenic as minor constituents: in addition. 
palladium and ruthenium were reported by St. Louis ti al. 
(1986). 

Minerals or ~ic hollingwonhite-irarsite (RhAsS-lrAsS) 
solid•solution series are also fairly common. Hollingwor. 
thile,. associated wilh sperrylite. replace..~ the rim of plotinum 
nlloy grains in Frac1urcd chromite (Photos IO. IB and C). 
Hollingworthhc and imrsitc are a.I.so minor constilucnts of 
composite intcrgrowthsof gevcrsite. brcithauplitc, p1atinian 
copper, platinum oxide, and nickel anenides and sulphides 
(Photo IO.SA). Small quantities or platinum, antimony. cop-
per and nickel were detected by qualitative energy-disper
sion analysis. but owing 10 small groin size. we cannot rule 
out contributions arising from secondary Ouorcscc.ncc of 
surrounding minerals. 

Spenylhe (PtAs2) is also found as a fracture filling, 10-
gclher with serpentine, carbonate and rare hoUingwonhite 
(Photo JO. I 8 ). A subhcdrnl crysllll of spenylite lying on n 
frac1un: in chromite tlppears co be comple1cly enveloped by 
a ··rcrri1chromitc"-magneti1e oherntion zone (Photo 10. JD). 
This situ:uion is analogou.~ ,o the one: involving gevcrr.itc 
(Photo I 0.48) nnd moy al.so represent n:plocemcm of o grain 
of primary Pt-Fe-Ni-Cu alloy. Minor amountS of rulhcnium, 
lron. 11.ntimony and sulphur identified by qualitative energy. 
dispersion analysis may also be due 10 sccooda,y n~ 
ccnce or neighboring mincmJs. Similar composicions were. 
obtained by Sl Louis ti al. (I 986). who found sperryllte to 
beoncof lhc mostabundnnt PGM in lhcGrnssl,opper Moun-
1nin ch.romiti1es. 

Plali1iion copper forms a minor pl\asc that occurs J:atc 
in the paragenc1ksequencc. It contains up to 36.5 w1'J, plati~ 
num nnd small quantities of iron (S2. J wt%). nickel (S3.7 
wt%), ontimony(S:l.2 wt%). rhodium and palladium (<0.15 
wt% coch: Tobie 10.4). This Cu-Pt olloy n:plooes pons of 
the rim of cuhcdral platinum nlloys in fractured chromite 
crysmls (Photo.< 10. IA. I0.2C and D). occur$ as a thin dis
con1inuou1 overgrowth on compo~ite platinum oxide -
gevcrsite grains (Photo.< 10.40 and JO.SA), nnd forms inter
growths with magnetite and nickel sulphides, nna:nides nnd 
onrimonides (Photos JO.SB and C). A Cu-Pt nlloy with up 
10 33 wt% pla1inum has been rcpont:d previously from Tbct· 
ford Mines (Conivaux 300 unamme, 1990) and Shetlnnd 
ophiolires (Prichard <1 al .. 1986). where It also is associo,ed 
with POM-bc.aring chromititcs. 

Among the less abundanl PGM arc single grains of er· 
lichmnnitc (OsS?) und lourit.e (RuS2). and on undefined 
pla1lnum oxide, which forms the largest PGM grain ob
served to dote (ISO µm). The loucr phase occur$ within o 
serpenline·filled fissure in chromhe and is a.uoe:intcd with 
on1irnonidcs. nickel oxi<k(?) und pln.linian copper, und lo-
cally rims breilhnuptite (Photos 10.4C and D). Its composi
tion i.s somcwh:u heterogeneous. with minor variations in 
rhodium, iridium, iron (< I.S wt% each) nnd copper, nickel 
and antimony (2 - S.5 wt%: Table 10.S). In addition to lhc 
PGM listed above, St. Louis tt al. (1986) n:poned native 
plotinum (Pt-Fe nlloy, <20 ntorn% Fe), stumpfiite (PtSb), 
>nd lhc very rare mineral gcnltinite ((Pt. Pd)4Sb3J. ns deter
mined by quaJiuuive cnerg,y.c:tispcn;ion analyses. 
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Ministry o[Empll1)"11U'nl and lnr~slmcnl 

BASE META.L MINERALS 
Bose metal sulphides. anenidcs and antimonidcs. 300 

native metal$ and met.al oxides fonn a minor yec pcrsi.stcnt 
mineral assemblage in panly scrpenti_nizcd duoires a.nd 
chromititcs. These minerals typically occupy veinlctS or in· 
tcrsticcs between chromite grains, te.xwres similar to those 
described by St. Louis et. al. (1986: Pbotos I0.4C nnd D. 
JO.SA and 8 ). The mos1 widespread sulphide mineral is dis
scmino1cd pyrite. Nickel sulphides in<:lude millcrite or 
heazlewoodite and an undetennined Ni4 Co-Fe sulphide in. 
tergrown with .. fcrritchromile''.magnetite and serpentine. 
Other nickel-bearing sulphides identified by St. Louis <1 al. 
(1986) ore pcn~nnditc, violorirc and bmvoitc. Analyses of 
thm: nickel-antimony minerals. including brcithnuptite, ore 
given in Tobie 10.6. lbcy contain small quantities of plnti· 
num (s.1.7 wt%), rhodium (g).79 wt%) and iridium (up to 
7.0 wt%) in addition to copper (9 1.8 wt %) and iron ('f().9 
wt%). Nickel an<enides include mnucherirc(?) and Ni,As3 
th•t conmlns minor copper. iron and antimony (Tobie 10.7). 
Native 1ne1.11l and oxide phn.~ incJudc nn1iveooppcr, idcn· 
tined in ca.lcium·mag ncsium carbonale veinlets (Photo 
JO.SO), native silver, and copper and nick.cl oxides. 

PETROGRAPIIY AND MINERAWOY OF 
PLACER NUGGETS 

A1,pcc1s or the mineralogy or placer nuggets in the Tu
lameen and Similka.mccn rivers and thdr tributaries. and the 
PGM in paniculnr, have been documented previously (Cnbri 
<I al .. 1973: Hanis 300 Cnbri. 1973; Cubri and Hey, 1974; 
Cabri and Fenlhcr, 1975: Raicevic and Cabri. 1976). Oe
Jeriptions of specific nuggers given below augment these 
cn.rlicr observations. Rcsula of elcc1ron-microprobe ru,.nJy. 
sis of platinum alloys are given in Table 10.28 300 ploued 
in Figure 10.7. 

BOLLAND NUGGJ,,'T 
1be Holland nugget is a rounded specimen, 4.S milli· 

metres in dinmcter, comprising cumulus chromjte and minor 
olivine (<I mm) sct inn mntrix of Pt-Fe •lloy. probnbly 
isorerroplalinum. which contains up to 2.3 wt% palh'idium 
(Tobie 10.28 : Figure 10.7 nnd Pho10 10.6A; ste also 
Raicevicand O.bri. 1976: Figure3). A single grain oflnurite 
(0.S mm) i~ included within the aJloy. 0$mium, plotinum 
oxide and very fine intcrgrowths of tolovkite OrSbS). gcver
sitc, sperrylite. pcntlonditc(?) 300 an undetermined palla
dium-antimony mineral were also observed. The few 
crys1als of oljvinc that arc present occur at the rim of the 
nugget. Chromite forms euhcdral 10 subhcdml grains with 
internal rrac1urcs and rims altered 10 magnetite. Magnetite 
also forms very fine grained intcrgrowths in Pt-Fe alloy. The 
rntioof chromite+olivineloPGM i.sapproximate.ly I: I.Ser
pentine and magnesium-rich chlorile arc troce constiluc.nts. 

LINCOLN NUGGET 
The Lincoln nuggel (3 x 5 mm) olso contains cuhed.ml 

to subhcdr.U cumulate chromi1c and ol.ivine. and inte.rcumu· 
late Pt-Fe •lloy. probobly isufcrroplotinum. Thin 1.0nc., or 
mag.nctile separate the chrtunile crys:tnls from the plminum 
alloy which conuains rclndvcly coarse intcrgrowths of mag. 
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Pholo I 0.6. S™ photomicrogrnphs or Holl:1nd a.nd Lincoln nugg.eu. All of 1hc chromite. in both nuggets. has a lhin rruagnc1i1e rim o( 

vori:iblc 1hick:ne$$ (J().2.1 JJm) th:11 cannot readily be k'cn on Lhcsc photom.icrog.raph!. A. Subhcdnd chromi1c (cmt) and minor olivine 
(oli) included i.n phuinum•iron alloy (white) conllkining fine intcrgrowlhs or maa.nc1ite (Holland nugget); 8. platinum-iron alk,y (whii:c) 
with imgular in1crgrowths or magnctilt'. horde~ by ch.romi1c and olivi.nt (Uoooln nugget}: C. EnlargcmcncorB showing olivine inclusion 
(oli). cuhedra.l gm.in or chlori1c (ch) Md magnetite inctrgrowths in platinum-iron :aUoy: 0 . Enlargement of B showins. an inclusion or 
t:iumc (L) in plat1num.-iron 11110)' nca, the conmct with c:hrom.ile-01ivinc. BM JCalc • I tnm ln A·B, 100 J&ffl in C·D, 
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nctile th:11 ore p;inicuh,rly well developed adjacent 10 chro• 
mile (Photo I0.6B; .«< also Rnicevic nod Cabri, 1976, Fig· 
urc 4). Inclusions of laurite and euhedral chlorite. pos$lhly 
pscudomorphous after phlogopitc. arc also observed (Pho
tos I0.6B-D). A single lath or osmium (25 x IOO µm ) in 
Pt-Fe nlloy w:o, rcpo11ed by Hnrri, and Cobri (1973), and• 
fow smolJ inclusions of gcnkinitc were also obs.cn•ed (not 
reported previously). Oxide nl1cra1ion products of chromi1e 
arc idenlkal in comlX)Silion 10 1hc magnetite intergrowths 
in Pt·Fc alloy (Table 10.8). 

M 12410 NUGG ETS 

Nugget I is a medium-size (3 x 4 mm) specimen com
prising mainly Pt-Fe alloy (isorerroplatinum?) carrying gen· 
cm11y fine-grained intcrgrowths of iridium (<5 to 20 x 20 
µm ), very thin laths of osmium, and minor laurile (Photo 
10.7). Chromite i.s a subordin:ue con.st.iluent. fonning sub· 
hcdrnl to cuhcdrnl crystals nnd grain oggregaies (<I mm). 
Magnetite fom1.s an intcrgrowth with Pt-Fe aJloy and is a 
persis1ent ahenuion product of chromi1e. This nugget is p:lr· 
1icularly well cndo"'ed with a diverse assemblage of pri· 
mary ;and secondary s:ilicalc inclusions (Pholo 10.70 and 
de.scribod below). 

Nuggct2 islhesmallest(2 x 4 mm)ofthc three nuggets. 
It coosislS or Pt-Fe alloy (probably isoferroplatinum) with 
numerous fine-grained intcrg.row1hs of iridium. gcncrnlly 
less than 5 µ111 in si~.e. but rcat·hing 20 x 100 µm. Chromi1c 
(<I mm) is ;1 minorconstituen1 and loc.1Jly exhibit~cuhcdraJ 

TABLE 10.8 
llLECTRON-MICROPROBI! O,\TA ON MAGNETITE 

IN PLATINUM NUGGETS 

1\n.ll No 2 J 4 5 

S10: 0.26 0.27 
·r,01 
Al:()J 
Crl<)) OJ!6•• 0.6J•• 1.2• • 
1:e:0,· 6ll-1 68.2 (,8,4 68.6 67.8 
,~o 28.5 28.) 28.7 28,2 28.8 
MnO 0.18 0 18 025 Q.,0 
Mi<) ,_, IA 14 17 I I 

T1,:it:1I 9". 16 98.71 9194 99 O.? 9\) 20 

C.'tliOni. pc, 32 Oxygen Aloms 

S1 0080 0 08) 
·r, 
Al 
Cr 0209 0. 154 021>2 
r"C" 1$.791 1$.846 l .S,8,10 I.S.83.& i.S.708 
Pc'' 7.31) 7.J09 7.)90 7 240 7 • .il7 
Mn 0.().'7 0,{>17 0.065 0.078 
Mg 0,6117 0.6-J.t C).6,iJ () 771< 0.505 

Culr:11/mrd aJsuminJt 1dl'QI Jtmc-l110,,1t1r.'. 
/'(l,r of ,11,. Cr;OJ rtf"'IU .. rl Cr>11ld l,t dt,t "'/1110/tlUll<r /ro,w ,,.., 
111rro1indlns t'1romllr 
11(111/t'/l'mmtt'tl 

/ .]; LJr1n1./11 l'tt1ggt1, 1rtl1J:ritlllt nlf, 0" , 11,-o,,111t; 
J.4 llnec,/,i ,iug.gt1. ""'t'lttitt imtrgn111 th m Pi-Fr ull11,·· 
5 J/otltrnd m1Ngr1. "'tJt11rlllr m11 (m ,·hro,mlr. 
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margins rim.med by magnet:i1e. No silic:.ue mincrnls were 
observed. 

Nugget 3 is the largest specimen (4 x 7 mm) and com· 
prises 3pproximately 50 vol% subhcdral chromite embed· 
dcd in u matrix of pl:.1tinum alloy comprising princip:illy 
t u lomceni te w ith minor isoferrop la t inum(?) 
IPt2.6(Fe.Cu.Ni)u] and rare 1<1rnforropla1inum(?) 
IPl(Fe.Cu.Ni). Photo 10.81. The lallcr two alloys contain •P· 
pr<>xim.a1cly 0.9 :.1nd 4.6 w1% copper, rcsp«tivcly, and s i mi
l or amounts or iridium (6.5 • 7.0 wt%: Tobie I 0.2B: Figure 
10.7). Other PGM include fine-grnincd iridium (gencrnlly 
<.S µm in s ize. bul reaching 30 x 40 µm) and thin loths or 
osmium SCI in plminum alloy. ln addition. platinian copper 
with up 10 44.7 wt% pl:uinum and 8.6 w1% iridium is inlcr· 
grown with magnetite and forms vcinlcts wilhin. :ind rims 
around. tulameeni1e (Tobie 10.4: Pho10 I0.8D). Subhedml 
curnulalc olivine and a v:i.riecy of olher silicate ,nine.rals en
closed in chromite and platinum alloy have 31.so been idcn• 
tified (described below). 

PUTINUM-GROUI' MIN£RAI.S IN 
BEDROCK VERSUS PUCERS 

The specieJ or PGM in chromi1i1es ond placer dcposhs 
or the Tulnmcen region and their rclolive frequency arc 
listed in Table 10.9. These darn represent an important rirst 
.step in a.n evalu1uion o( the pocen1ial sourcc(s) of PGE min· 
eroli1.n1ion in d,e pfaccn. 

11\e principal PGM in both chromitites and placer nug· 
gets arc Pt-Fe-Cu-Ni alloys. However, the most nbund:ml 
alloy species in c hromi1i1es is tetrafcrroploti num 
IPt(Fe.Ni.Cu)J. closely fo llowed by "i,orerroplntinu,n" 
IPtu(Fe.Ni.Cu)1.sl. whereas "isorcrroplati n um" 
IP12.6(Fc.Cu.Ni)1.4 to PtJFcJ, native and fcrroan platinum 
prcdomin31C in the plocers (Rniccvic ond Cabri. 1976). In 
addition. gevcn;i1c. spcrrylicc nnd rhodium-iridium sul· 
pharsenidc-s :1ppcnr in greater abundan<."e in the chrorni1i1es. 
Phases present in the placers yet apparently l:r,cking in lhc 
chromitites inc lude Ru-Jr-Os ,ind P1-fr alloys, coopcri1e, 
tolov)dtc und an unnamed rbodium-antirnony•.suJphur min
e.rat. 

When all of the analytic.al darn for Pt-Fe.Cu-Ni alloys 
.ire considered. it is ell.Ult tha1 there is n considerJblc range 
or solid solutjons (Figure 10.7). Exc."ep1 for a nickeloan va
riety or iutomeenite(?). placer alloys nrc depicted in nickel 
relative 10 those in chromi1i1es (Figures. 10.7C and D). but 
h.a,•c a similar range of copper abundances (Figure 10.78 ). 
lsoferroplotinum compositions in c.hromitites occupy the 
plntinum.poor end of a conrinuous range or essenti::illy Pt· Fe 
alloys 1ha1 ex1e.nd 10 native pla1inum, and a small composi
tional gnp separJ1es isofermptatinum from tetr.1ferroplat· 
lnum. 

The mincr.ilogical and comp0si1ional discrcp:mcics bc-
1wcen the POM in chromitjtes and placers a.re perhaps not 
as striking as ccrt:iin differences in groin size and tcxlurc. 
Platinum alloys in nuggc1s :main millimc1rc-scale dimtn· 
sions and p0ik.i li1ically enclose large primoc.tysts of chro
mite and olivine. In con1ras1. grniM in the chromitite.~ rarely 
exceed 30 µm across and arc :,,!most invari::ibly enclosed in 
chromite. We note Lho1 1he larger nuggets were obtoined 

J()J 



British Columbia 

l'holO 10. 7, SEM pholomi<,toppb, o( M 12410 nugg<I I: A. low•magnlf,oadoo image or vwbly pilled Alrf 000 o( < 169>tnobby< 170> 
nuu,:,: B. Hlglt•magnlficlllon Image or"""' outlined in A. showlna im:gul11 sud ace dcl>il or ptallnum•lron alloy: C. Bact«aru>rcd 
c.lec:tron imn.se or A, clearly showing I.he chromite (dad: grey) in the platinum-iron alloy matrix (white); D. Crou·SCCC.ion of nugget 
showing pladnum•iron alloy widl lncJusioas o(lawil< (11U). chromi10(cm1) and very fine grained magnctlieoonccn1m1ed around cluomilt 
gnjns: anows show the location or JilicaJc lndusiooJ IM1 wue analyt.«I (ef, lnclusion No .. Tlablc 10.12. ~cq>t JnclU:Jion 6 which is an 
in"'Jl'OW1h or mqnc:1iie. chloriie 111d cll009Yroxcne). Bor scale= I mm acq>I B (10 µm). 

1/H 



Phoco 10.8. Sl!M ph<MDmicroaniph• or M124JO nugie1 3: A. Low·maanmaui<lll lm.ogc or ~JulM <ur!aa, ro111,,.,, or ••Uel: 8. 
Back·scaumd ekctton im1ge. clearly distiniuishina dlromioe (dirt 8fCY) from platinum alloy (while) comprised mainly of tulameenitc. 
minor isokm,puOJ>Um(7) and nuc 1CD'lfom,platinum(7): C. Cton k<'llon or nugaet showing subhtdnl chromite (crnt) 1e1 in maw or 
platinum lllloy: D. Eol.va,.,m<m oh,.. ootlined in C sbowin& chroo:utc llld otivine (oU) io......., will, 1ulunccni10 (1ul). wbid, i, ,..:ln<d 
llld rimmed by platinian -· Ctiabt IP"YJ. Bar ,colc . I mm UC<pl in D (JOO ~m). 
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TAOLE 10.9 

PLATINUM-GROUP MINERALS INTIJLAME£N CHROMITITES VERSUS PLACERS 

MincnJ Jdc.al Formula Minot CCWlslll:tk'nll Cht(;mttiln 1 Pl:M:en1 Re.r.: 

coopuile PL~ Pd. Ni • 6 
0.•Pl alloy (Cu. Pl) Pd. Rh, ~. Ni, Sb " • I 
ctlichmanit~ o.s, Pt, N. llh. Ir ' • 1.6 
ptW1c (Pl. Pd)ISbJ Rh.S ' ' '·. l(:'"1lf5itc Pl.lltbz Rh. It,~. Cu, Ni, A1 .. ' 1.6 
hollln,\ll'Otthitir, 
li'WSI IC St":nfS 

Rh•lr(AJS') Pt. N , Rh. 0,. Ru. Sb, Cu. Ni. Co .. ' I • .a, 6 

iridium ,, N. llh. Os.. R:u. l:te.. Cu. Nl ' 5 
inclo:.rminc 

. 
(0,, 1') Pl. N. Rh. Ru, Fe,, Cu, Ni u .. 

lso(crroplatlnvm Pl.d:C Pd, Rh. Lr. Os.. Cu. Ni. Sb , ... ) "' I. 2. 6 
kotu.lmlc' PJTe Pt Sb, Ui • 6 
l11urite R1.1S: Rh. Lr. Os ' • ,. 6 
OJ1niridiwn 

.. 
(Ir, CH) Pd. Rh. Ru. t"C. Cu. N1 1.5 • 

OJmiuin 0, Pl. Pd. Rh. Ir, Ru. F,:, Cu, N1 .. s 
pbtmirid1u:m 

..... 
(Ir. Pl) 0.. Ru. Ft:, Cu. Ni 7 • 

pb1t1Auin. [ctrOQ.n (J,\, Fc)>20 aL ~ F< lr, C1A.N1 "' 2.6 
pl:a.luwm.. Nltl~-c (Pl. Fe:)>SO al. g, Pl N . b, tt. Cu. Ni ' '" 2. 6 
plJ1l1mrm oxick (Pl. 0)7 Rh, It, Ft', Cu, Ni., Sb • I 
Pl-Pt.Qt.Ni alloyi•• (Pl. Pc. Cu. NI) Pd. Rh. h, Sb '" ' I 
rulbeniridosrninc (Ru.. 0.. Ir) Pt Pd. Rh. Fe-. Cu. Ni • s 
q,cnyl'itc PIA,; Pd, Ni. Ru, Fl-:, Sb, S .. ' , .... 6 
uumptlitt: PISb PJ. Ru ' ' lc"lr.1Jcm>pladnum P\l?c Pd. Rh. b . CA.I. Ni. Sb CUA) ' I 
1o40'·\ jw,: ••• 1rSM Rh,/\~ ' 3. 6 
1uJ;uhtttti1e Pt1roeC:11 N, Rh. h . Os.. Nt. Sb " .. 1.3 
Y.NWl'W RhSbS RhSbS Pt, lr, As ' 3.6 . /owid a, lnc/llS'lo,,s m oor 1rr1ln of gt)ld: "°' drrfrrd/ffllf'I tM 7ltla~t'lt 11/tr(llfl(,[t< ro,nplu • 
• • SU IO.'I for N)ffl('flc/Uftlrr. • • ·Ori.liNJlly rrp,onnl tu w,nnmt:J lrSbS (6J. Ud!tz ,h, nom,nt:IIJlMU 

of 1/arrl'I tUU1 Cabri (199/). • • o.s,.n:1um: • + • 1rldu,,.,.: + • ..- • p/<tlfoitm iridlMNI. 
Fuq11rnq; xu • moJt comM011: D • common: s • infr~urm 10 "'": (AX'«) a 1,robably ,,,.,xrn1 m 

' 
Pl·F<·CM·Ni alloys bu.I""' rottflrmrd by ,'(HD. 
llr/nrnr.fl: J, This 111ldy: 1. C'1bri 4r Fl'Olhtr {J97J): J. Cobrl '-' ol. ( 197)): 4. Si. Loui.1 rt al. ( /9JJ6J: 
.S. 1/arrl, & Cobrl I l97J): 6. Rnl«rlc & Cobrl ( 1976): 1. O,brl ~1- llr1( 1974>,. 

from placers near the eastern margin or lhc ultmmafic com· 
plex. whereas material collccled farthc, downslJ'Cnm rypi
cnlly occurs us fine Oakes (-150 mesh: luicevic Md Cabri. 
1976). We believe 1h01 <hesediffcn:nces are bcsr exploincd 
by inodcquote sampling 0< complere erosion or high-grade 
lode oc;currcnces. For example. the richer Md more exr.en
sh-cly exploircd platinum dcpooirs or the Uruls contain size. 
ablc concenu:uions or Pt-Fe alloys in bedrock. wi<h texrures 
motc.hing the coarse lntcrgrowlhs involving chromi1c and 
olivine in pincer nuggets (cf. Duparc Bnd Tikonowitch, 
1920; Cabri and Gcnkin. 1991). 

CHEMISTRY OP CHROMITE AND 

iron (11.9 - 28.2 wt% Fc20J) and mrher low aluminum (6.0 
- 8.7 wt'I. Al20J). The relatively high Fc3• con1cn1 or the 
spincl appears robe a gencml characteristic or Alaskan-type 
inrrusions (Irvine. 1967). The Hollruld nugget contains <he 
mosl chromium~rich spinet the Uncoln nugget exhibits ap
preciable in1ergniln zoning (JS. I • 39.2 wr'll> Cn<>:l). Spinel 
compositions within cnch M 12410 nugget are fairly uni~ 
form. Variations in Cr/(Cr+AI) on <he whole arc limited 
(0.79. 0.83) and even more uniform wi<hin individtu1I nug. 
gets. No systcm:itic differences in composition have been 
dctccled berwecn spincl grains Iha! seem 10 be completely 
encopsularcd by Pt-Fe alloys and g,uins in arcus or mo«: 
massive chromi1e. 

SIUCATE MINERALS 
Analyses were done on selected grains of chromite.. oU· 

vine and other minor smcalC lnclu.~ions in plntlnum nuggets 
i11 ol'dcr 10 comp:i.rc their compositions with cumufa.tc min· 
crnls in the Tulamecn complex Md to dtrcnnine more pre· 
cisely the souroe or <he POE mincruliuuion. The analytical 
resuhsare prcsenrcd in Tables 10. 10 10 10.12. 

CURO~UTE 
The compositions or chromffcrous spincls in placer 

nuggcrs and Tularnoen chromitites an, given in Table I0.10 
nnd ploucd in Figures 10.8 ond >0.9. Nugget spincls hnve 
high chromium (35. 1 • 50.6 wt'll> Cn03). highly variable 

/06 

Most spinel gr.1.ins in lhe nuggets fall within lhe com
positional field of Tulamccn chromililes. a.It.hough lhe Lin
coln nugget cxhjbits some overlap with spincl COmpo$itions 
found in dunite. and !he Holland nuggcr contruns !he most 
magnesium-rich, and D'e- ond Fc3•-poor spincl (Figures. 
10.8 Md 9).1.n general. chromite in the nuggets is guile dit• 
1inct from the cumulus spincl lo olivine and bomblcnde-.rich 
clinopyroxeniles. which appn>:l(hes the pure ~gnctiteend• 
member in the. Jaue.r rock type (mo..r clearly distinguished 
in Figure 10.8). Cumulus spine! is compar.,tively rare in 1hc 
more clinopyroxenc-rich olivine dinopyroxenites. and lypi
c:ally absctlr in olivine-free clinopyroxenites. The absence 
or a spinel phase may be relaled to a reaction relationship 



TABLE 10.10 
ELECTRON·MICROPROBE DATA ON CHROMITE IN CHROMITITES AND PLACER NUGGETS 

ilNcbOI 
l:!!!!~b 

tloli.AD Mf?AIO 141 ~Ei~ . ,. 
I I l 1 l l 

c..a)• (••->- , ... ,. (.-J)• (.-2)• I""')" ,..,1 , .. 16)• c ... n,• , ... ,. 
A'!!!r!i!:: ' l • ' • 7 I 9 10 II ll u .. " 16 

SiO, 0.16 G.31 0.2> o.JO ..,. 
'"' 0.22 0.26 0.27 014 G.32 011 G.3) 0.27 0.19 0.19 

T,O, ... o.u .... .... ... , 0,14 G.39 0.>6 0.51 0.>0 O.l9 0.41 0,)) 0.71 o,.n 0.,1 
Al,0, 6.10 6.20 6.00 uo 610 6.10 1.70 7.90 .... 6.70 6.70 7.60 7.70 6JI 7.211 , . ., 
0,0, )9.20 >SAO ,. ... )7.10 J6.00 15.10 ...... 41JO ..... 41,70 49,:0 ., ... .. , .10 !7.Cll 4J,6S ,49.01 

"""'"" 2).)0 ,, ... 21.,0 lJJO , .... 21,,0 11.90 ""° IS.00 16.10 IS.80 1'30 16.ll> 26.70 '°·" ,,.,. 
F«) U.60 20.20 19.>0 ?1.10 UJJO 22.70 I UO IS,90 16.10 17.>0 17.>0 17.00 17.10 20.71 11.40 17.20 ."'° ... , .... ..,, 017 0.,7 o.u OJ< 0.17 Q.lJ ,,.., ... , 0.4' 0.16 OM ... , .... 
""° .... .... "70 7,90 1-"' 7,10 ,,.,. 11.60 11.60 IO,JO 10.,0 10.60 lo.&0 ,.,. 9.57 ..... 
N".I() OJ)6 .... 0.11 0.12 .... 0.0, 
QA) O.ll 0.11 O.ll .... 0.12 O.ll 

T"" ..... .. ,. . 9936 100.13 99.61 IOQ.37 .. ,., ,...,. , ... ,, 100.11 100.7) ICXIJO ,...,.. 100,2) , ...... loo.>6 

c.ioftlpd: J?<b:1ttn .... 

Si ...., ..... Q.070 O.Clll 0.067 OJl50 ...,. 0.069 0.071 ..... ..... OJl56 O.G9l 0.07> 0Jl51 D.OSI 
n ..... 0.113 '"" o.m 0,17-4 0.1'7$ 0.111 o.m: 0.11, 0.IOl ...,. ..... Q.070 CU6l ..... O.IOJ 
Al 1011 1011 l.ffl ,.,,. 1.0Jl 1.991 2.710 ,. ... ,. ... 2.11) 2..1 14 :l.l9' "'" 

,..., ,.,., ,., .. 
~ 1.670 7.m 1.1S1 L IQ 7.919 7.6M J0.,7) 10.11 1 10,162 10.,0, 10.AU 10.0.,S IG.OlS I.OJ7 •= IQ.JII 

..... 7 5.71:l , .... ~, .. "69 ,.m U61 JJl6l ,..., l.2» J.112 J.%70 1.2l6 5.516 ..,,. lJl7I .,.,. 
$.211 ..... ...,.., .. .,, 5.119 5.257 )'294 U26 U JJ 3.909 ).916 U92 l.111 ... ,s, 4, 117 "°' ... 0.1•1 0.117 0.122 Q.06) 0.1» O.Ol6 o.on Q.Oll ..... ....., 0.102 O.U>l Q.Ol6 0.110 0.IOJ Q.079 ... 1.7'1 l.498 "" J.l16 2.916 2.9JI ,U06 4J1' .,,. • .109 4,0'71 ,.m 4.280 ].l.S1 , .. ,, ,U6,I 

N1 O.Oll 0.017 Q.112,1 ·- 0.011 0.011 O.CXIO O.CXIO O.CXIO 
7, O.olJ ...,, O.Q26 ..... ...... Q.026 O.CXIO O.CXIO 0.000 

O • II~ 79..1 "·' 79..1 ,, .. "·' "·' .,,. ..... .... 13.1 .. , 606 1'.7 ... .,.., 
M1 • "·' .,.. "-l )9~ )6.1 l>.I '9J ,.., ,.., ,,.., ,, .. ,u ,,.. ... , ,u ,,., 

TABLE 10. 11 
ELECTRON-MJCROPROBE DATA ON OLIVINE IN 

Pl.A TINUM NUGGETS __ ..... 
.... ~~~~ 

' ' • • • ' • ,..,, ,...,. 1..-JJ" 

S.0, •LIO 41.90 ,,,.. 41,20 ""° ",0 ..... .. .... 
T.0, 0.01 0.01 
AhO) .... o.n 
I'<() 6.70 = 6.10 .... .... .... 10.69 us .. .., .,. 0.09 
••s<> Sl.90 52.90 ,uo SLJO n .::o U .,60 41,9'1 )?10 
c,o o.n 0 19 

T"" 100.10 100.00 99.,0 ..... 99.<0 ..... 9971 100.00 

C'atiollt per • Ch Yl"I atonn 

s, UlOI I.CXI< 0.999 l,COO 0.997 "'" I.COO ,.coo 
Ti 0,001 O.CXII 
Al O.CXIJ 0,0l)I 
Fe 0 1)6 0,10, 0.114 0.110 0.091 0.117 0.221 o.rio ... O.CXl6 0.002 ... '·"" I.U9 LISI 1.892 1.910 ..... 1.766 ,. ... 
Ca 0.006 .. .., 
XY 2.CXII , ..... , . .., 2.002 2.007 1.996 1.Cl02 2.001 
z 1.001 I.Ol)I ..... 1.000 0,991 U>Ol 1.000 1.000 

..... 9J.l ..., 9.l.l .. ., 9>~ .. , ,..., .... 
• Aw,111, of,. qot .-ly•t.s. AIMllym 4lj Mll!WOl!l tt11•111• • '"" '1/~rt fl ·JI wtJ 
1()IO/ly,nr,q1,..J;wt' 1tir.w'11 l'r,.F, llllirJ ('J. A1111lyai1 J: J,.i,.-, rint t,f n•,rt 
"*'lyJU 6; l,J/1'4,w f,obt GIi tfffl of ~fft f1' RJOW«f wfM 111,.._mitr lllftl 6'1f1,.;.-
aJfl(¥f', MMl1H-' 7 flllltfl .. up,ruu,t 11 •kro,,wbf lffl!VtH *'(IOU ti 
....,,~taffQJlll"«fiiit•do1,,~of....,.<;HV,IJ9''-•"-•H1 
n,.,, '°·'' . - ,ktt~ 
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Figure 10.8. Pk>U or r:c1•1cr'"C2• .. Mg) VCrlUS Cr/(Cr+AI) 11nd r-e,./(Fc1 .. +Al+Cr) rorchromlferous splncl in placer nug,gclS (32 
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between spine I and coexisting silicate melt at a pOinc where 
chromium-bell.ring clinopyroJene becomes a dominant 
pru,.,e on the liquidus (Irvine, 1967: Hill llnd Roeder, 1974). 
The in,nd or spine! compositions in olivincclinopyroxenites 
away from the Cr-Al join in the cation plot (Figurc 10.9). 
and toward '"fcrritchromite" or chrome-bearing to chrome
rtec magne1h1' renect, loss or aluminum (and magnesium) 
and gain of Fe • and FeJ., duringlow-temperawrealteration 
(e.g .. 8liS$ and Macwn, 1975: Ev..,and Fros~ 1975). As 
dQCumentcd above, similar alteration is present a1 the mar
gins of cbromire g.rai.nJ in platinum nugget$. The composi
tionnl gap in the field ror olivine clinopyroxenitcs (Figures 
10.8 and I 0.9) coincides with a shlsrp de<n:ase in the modnl 
abundance of spinet in clinopyroxcnhes (cJ. Hill and 
Roeder. 1974). 

From the preceding dabl, it is clear tha1 the abundance 
and composition of chromite in the nuggets point 10a source 
of POE-enriched placer ma1crial located within the dunite 
core of the Tulamccn complex. 

OLIVINE 

Comp0sitions of olivine grains in nug__gets and ul
unmafic rock& or the Tulameen complex (Table 10.11) arc 
ploucd in Figure 10.10. The olivine in the nuggets has• 
composition cxiending from "°9J.2 to l'o9s,2, with llule vari
ation among. or within.. the individual nuggets. 1bcse com
positions are discinct from those in olivine clinopyroxcnilc 
(FO&J.91) or duniu, (f'o83.91). •nd closely mnich olivine com
positions in the Tula.mcen chromitites (F092,.95; Figure 
10. JO). The Umilcd number of dunite so.mples a.n11ly1.cd in 
this study is supplemented by d.ita from Findlay ( 1963), who 
conducted mon: extensive sampling orlhc duniu,core (Fig
ure 10.6). AhhoughFindlay'sdalJlwcrcoblainedon mineral 
separates by 11n x-ray-diffmction 1cchniquc. his dc1cnnina
t.ions a.re in good agreement wilh our microprobc nMlyses. 
1llc results clearly indicate that the dunite core as a whole 
is characterized by limited variation of olivine composi~ 
lions. 

The olivine compositions in tbcsc chromititcs. how
ever, me not prinwy. Numerous studies have poi.ntcd out 
the tcndcrx:y (or spine.I and olivine 10 rc-oquilibrate under 
high-tcmp\':ature, subsolidus conditions such that 
Mg/(Mg+Fe } decreases in spine! and increases in olivine 
(t.g., Irvine, 1965: Clark. 1978). All other factors being 
equal, the dcgrce or subsolidus exchange during slow cool
ing i.s dictated by mus·bllllll)Ce considcrntions, n.:uncJy the 
relative modal abundance of chromite and olivine within the 
effective equilibration volume. These cffec:u Clln be quite 
pronounced on the scale of a single thin sect.ion. For ex:tm
plo. Analyses 7 and 8 in Table 10.11 reprcscnl avemgcs of 
olivine compositiOO$ in dunitc and chromitite at opposite 
ends of the same thin section. Signincanc differences exist 
between cumulntc olivine (Fogo} in dunite that contains op
pmximalCly I vol'll> spine!. and thol trapped wilhin pan or 
• thin (3 cm) layer or chmmitiu, con,aining approxima!Aely 
S vol'll> olivine primocrysts (Fog.,). From these data. it is 
evidenl that 1hc highly magncsian compositions charac
tcri.stic or olivine in the platinum nuggclS are an unmistak· 
able and prcdiclJlblc signarure of their chromitite hcrilllge. 

110 

SILICATE INCLUSIONS IN NUGGETS 
In addition 1oolivine, M1 2410 Nuggets I and 3. and 

particularly Nugget I, contain a number or inclusions or pri· 
ma,y and seconda,y silicates (Photo I 0.9). Representative 
compositions of the vtuiou1 minerals arc given in Table 
10. 12 (cf. Pho10 10.70 ) whcrc the inclusion number iden
tifies coexisting ph:ises in specific inclusions.. Silicates con .. 
sidcrcd to be primary comprise clinopyroxcnc, hornblende. 
iron-magnesium mica (biotite•phlogopite) llOd plagioclasc. 
Mineral$ indicative of secondary alteration prindpally in
clude serpentine (composition., not given). chlorite and epi
dote, and lrace amounts of quartz and sericite, and 
presumably reprcscn, the effects or subscquen, regional 
mclamorphism. Mos·t inclusions arc smaJI (<200 µm 
across). incorpon,u, more than a single mineral phase, and 
arc hosted predominantly by platinum alloy (rarely chJO. 
mi!Ae). They contain cuhedral to anhcdral crystals that rarely 
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Rgwc 10.10. Histogram showing I.he distribution or oHvinc rom .. 
positions (~ forsterii.e) in pllCCt nuggcu (8 Spol analyses) a.od 
ullr:un>f,c: rocks (80 onaly~) of lho Tulamcen complex. 
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Photo 10.9. SEM photomlcrog,aphs or silicate lnclusloo, hosted by pl•tlnum alloy (Pt·l'e) and eluomhc (emt) in nugget M 121110-1 (</. 
Tobie 10.12 and Pho<o I0.7D). A. Coexisting iron-rich biotitc (Bio) and fcm,an hornblende (Hb). B. Coexisting cuhedntl cryttals or 
ito,wicb clinopyroxcne (Cpx) and plogioela,e (Plag). C. Subhodnl clinopyroxeoc (Cpx) inlCl'JJOWII with epi<locc (Ep) and scricilC (S-3) 
possibly pscudomorphous after plagiocluc. D. Cocl.isling f&C'citd crys&1l1 of iron-rich elinopyroJtcnc (Cpx) and plagioc.l.asc (P1ag). E. 
Anhedral chloritc (Chi), possibly p,eudomotphous after phlogopitc, and minot serpentine (low<, ri.gh1. noc readily visible). P. Partly 
(nee.Led diops.idc (Cpx) and ma,gncsium•rich phlogopitc (Phlog). Bar scale. in pm. 

exceed 100 µmin length and average obout 20-SOµm (Photo 
10.9). 

Euhcdrnl to subhedral clinopyroxe.ne is 11 common in
clusion mineral thal occurs akn,c or is accompanied by plo
gioclasc or phlogopitc. Locally, it is intergrown with cpidote 
and chlorite. In tcnns or the pyroxene quadrilateral (Mori
mo<o, 1989). ctinopyroxenc compositions extend along the 
dio!"ide·hcdeober,gi1e join rrom magnc,;ium-rich dio!"ide 
f 100Mg/(Mg+Fe21 or Mg# =96.0, Inclusion 7) 10 iron-rich 
dlopsidc (Mg#= 58.6. Inclusion 2b). and ore coincidcnl with 
I.he trend for clinopyroxcncs in ulnmafic rocks of the 1\J. 
l•mccocomplex (Figute 10.11 ). The most iron.rich clinopy
roxeDCS coexist with plngioclasc (lnclu.sions 2a,b). 

Bulll'.1in 93 

Thcplagioclasc (inclusions2a-b, Table 10.12) is almost 
pure albite (Ab96.98) and most probobly reflects subsolidus 
rc--equUibrution of an originally more calcic plagiocla..c;e un· 
det conditions of g.rcenschist-facies: metamorphism; ctll
cium may have been incorporated locally in cpidotc which 
also is found within Pt-Fe alloy in the same nugget (Inclu
sion 5. Table 10.12. 1'11oto I0.9C. Figure 10.11). A mag• 
m3.tic orig.in for lhcse plogioclase composWons is difficuh 
10 reconcile with the extensive range of cocxis1ing clinopy· 
roxe.nc compositioM. 

Single cryslllls of euhcdral lo subhcdral phlogopite in 
chromite ate more magncsian (Mg# 96.3 - 94.9) thon cumu
late phlogopitc in olivine clinopyroxenitc (Mg# 91 .7; Tobie 
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Figure JO.I I . Q..Mg-Fc pkK of dinopyroxcnes in plall.num nus· 
geu and uhrnma!ic rocks o( I.he 1\damccn complex (0. T. Nixon. 
unpublished daca). Number, rcrcr to Inclusion No. (Table 10. 12). 
Reprcsc.nuuh,e compositions of pyroxenes in olivine and horn· 
blcndc cUnopyroxcnites arc siven in Table 10. 12..A. 

10. 12). This is also true for phlogopitecocxisting with diop
side (Inclusion 7). which falls a, the mos• ··pnmiaive" end 
or the clinopyroxenc lrClld (Figutc 10. 11 ). 

Two 20-µm crysaals or amphibole and biotiae in lnclu, 
sion l are the mosl iron-rich silicates cnooun1ercd. 1be bi
otilc has relatively low tjtnnium and Mg# ~ 47. Coex.isting 
calcic amphibole [(Na+Ca)o = 1.91. Nae= 0.09) is fcrroan 
iwgositic hornblcnde(Lcakc. 1978), w;lh (Na+K}A :0.92, 
Si= 6.55 and Mg# =38. In comparison.cumula1camphibole 
and biotiae primocrysas in hornblende clinopyruxcniles of 
the Tulamec.n complex are sjgnificantly more magnesinn 
(Tobie 10. 12). According 10 Leake's clossilicaaion. ahe 
hornblende in the clinopyro,cc.nites is a relatively magne
sium-rich ferroan p:irgasiae wilh reduced silica (6.18) and 
Mg#=65. 

Chloriae and epidoae Jocolly replace phlogopite and pla· 
,•oclase. n:.spect.ively. However. some chloritc mo.y h.ave 
been fonncd by reaction of sctpct1tine and chromite to pro
duce chlorite ond 1'fcnitchromitc·· (P.L. Roeder. personal 
communication. 1990). 1nc chlorite i.s magnesium-rich cli
nochlore wilh linle variation in Mg#. Both phoses conlllin 
significant quantities or chrome, reaching 3.5 wt% Crz03 in 
chlori,e and 4.1 wt% in epidote. Pan and Flee, ( 1989) re
ported up 10 3.5 and 1 l .8 wa'll>Cr.20:l in chlorileand cpidotc. 
respectively. from melllSOmotically altered komatiiaes and 
komotiitic bosalas in Onmrio; Stockman and Hlava ( 1984) 
identified chromian chlorile (4.2 w1% Cr.203) in POE-bear· 
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ing Alpine-1ype chromititcs from southwestern Oregon. 
Thus. II appears that in the absence of primary silicates, 
chromium-bearing secoodwy minerals in placer nuggclS 
may pro·vidc imponant clues as to the ultramaflc provenance 
orthePOM. 

ORIGIN OF PUTINUM NUGGETS: 
THE CHROMJTITE CONNECTI ON 

Ir the POE-rich placer nuggeas wen, derived rrom lhe 
chromititc horizons lhat were sampled in the core of the 
Tulameen complex, we would expect to see similar distri· 
butions of PGM in nuggcas and chromiailes. As pointed oua 
above. and summarized in Table 10.9 and Figure 10.7, there 
are cenain differences in the size. composition and relative 
abundaocc orPGM in placer and bedrock rmiaerial. Di.scrcp
ancics in the gmin si:ic of pl:uinum alloys between nuggeas 
and chromiti1es (mm-scale versus µm·scale. respective.ly) 
can be rationalized as an artifact of sampling bias. Thai lhe 
nuggets did in ract come from an ign,cous source is implied 
by lhc common incorporation of euhedral 10 subhedral crys
tals or cumulus chromite and minor oUvine lha1 arc partJy 
10 completely enclosed by Pt-Fe alloy. 

The compositions or chromite and olivine. provide t1 

more definitive ugumcnt for the origin or the POM in the 
pl=. The chromite found in nuggcas exhlbil! significana 
variation in Mg# rrom nugget to ouggel. but Httle difference 
in Cr/ (Cr+AI). Within i.ndjvidua.J nuggets. however. compe,
sitions are more unifonn. The majority of the grains :ma. 
lyzed plot in the field or Tulameen chmmitiaes. allhough 
some overlap exis1& with spinet compositions in dunhc. 
From chromile chemistry alone. it mighl be infcm:d thaa 
there is probably more than one hos1rock (dunilc and 
chmmitiae) w;th ooomalous PGE abundances. 

In this rcspccl. olivine compositions nre particularly in· 
formatl~. The olivine in nuggets is much more magnesian 
("°9:,..95) than i"' counaerpan in Tulorueen duniae (Fosg.91). 
but identical in composition to minor amounlS of oHvine 
trapped in cumulus chromitit~. Thnnks lnrgcly to earlier 
worlc by Findlay (1963), lhc dislribuaion of olivines ana
lyzed throughou1 the dunite COl'C· of the complex is unusually 
den.,c, which allows the consuuction or olivine isopleths 
(FigUtc 10.6}. These dat> show thaa the anomalously mag
nesian olivine compositions are clearly unique 10 1hc 
chromitite environment. Fortbcnnorc. it ha, been shown in 
numerous studies that if chromite nnd olivine are aUowcd 10 
rc-cquilibrnte on cooling, the Mg# of olivine will increase 
in proponion 10 the moda.1 abund•nce or chromite in lhe 
host- and an opposite and eom:sponding change occu,. in 
coex.isting chromite. Thus. the extremely magocsian com· 
positions encountered in nugget olivine arc a predktablc 
consequence of cooling within a chromititc. layer. Since it 
is not possible to ratiooaliu the difference., In PGM. placer 
nuggeas must hove been derived rrom chromitites thaa hove 
not beell sampled. The chmmi1i1e source of ahe PGM is no 
longer in question. 



SIGNIFICANCE OF PRIMARY SIUCATE 
INCLUSIONS 

Besides chrom.ile 300 olivine. primary inclusions in 
platinum alloys are represented by magnesium•iron mica 
(phlogopite-biotite), hornblende. cUnopyroxene and plagio
clase. Rcgiona,J metamorphism was not sufficiently inlense 
10 obliterate the primary compositions of fcnomagnesian 
silicates in the Tulameen complex. although plagioclase in 
the gabbroic rocks and in hornblende-rich pcgmatites is 
commonly saussuritizcd (Findlay. 1963; Chapter 9). 11 
secrns Jikcly, Lhcrcfore. that the fcnomagnesian silicates re· 
veal cenain peculiarities Jn the crystalll.z.ation history or 
POE-bearing chromiti!U. particularly nugget M12410-I 
which contains the most extensive inclusion suj1e. 

Whereas chromite and olivine are cumulus grains that 
have compositions compatible with early crystallization and 
rc..cquilibnnion within the chromititc environment. the in· 
clu.sion minera.ls are more than an order of ma.gnitudc 
smaller (<100 µm) and compositionally diverse. Magne
sium-rich. chromium-bearing phlogopite (Table I 0.12) pos
sibly has re-equilibrated with chromite during subsolJdus 
cooling in exactly thesamemanncrasolivinc(P. L Roeder, 
personal communkation, 1990), or may have crystallized 
from the final few percent or trapped intcrcumulu~ mell 
(Roc<k, and Campbell. 1985). Considering the presence or 
iron-rich biotite in the same nugget. and coexisting ferroan 
porgasitic homblendc,{lnclusion I, Table 10.12), the ronne< 
C·Xplannlion seems unlikely. Tbecx1cnslve range of clinopy. 
roxene compositions is also noteworthy (Figure I 0. 10). The 
iron-rich clinopyroxencs coexist with plagiocl.asc (altered) 
and c-xtcnd beyond the mngc or clinopyroxene compositions 
round in ultramalic rocks or the Tulamcen complex. These 
clinopyroxenes. and probably the hydrous iron,rich sili
ca1cs. evidently crystalli1.cd from melts or gabbroie or 
diorilic co.mposition. 

'These ~,uions mny be mtionalizcd with the tex .. 
tures and compositions of chromite Md olivine if the silicate 
inclusions rcprescn1 the fractionation producrs of primitive 
melt trapped in Pt-Fe alloy at the time of chromitite forma
tion. From the olivine-chromite re-equilibration. we know 
that cooling was slow enough to permit high·tcmpcratute 
sol.id-state diffus:ion. and these concUtions would certainly 
favour oon1.inued crysllllliUltion of any pockets of melt. The 
trapped liquid can be pcrcc.ivcd as a microcosm of large
scale crystal•meh fractionation processes opc.ra1ing in 
Tulamccn magma chambers. According to this hypothesis, 
lhc most iron-rich clinopyroxene compositions in the inclu
sions would represent lhe products of presumably closed
system evolution of fclsic residual liqui<b. and may predict 
pyroxene trends in the syenognbbf'os and syenodiori1es of 
the Tulameen complex should such a model apply. Compo
sitional data for pyroxenes in lhe hitter rocks are currently 
lacking. 

Perhaps the most surprising aspect of lhe inclusion dalll 
is that cooling was sufficiently rapid 10 promote fractional 
erys1alliz.ation of the trapped melt. although the implied 
thermal regime applies only 10 a single platinum nugget 
{Ml2410-I). 1.ntriguingly, the platinum alloys serve as an 
almos1 ideal inert container for nature's crySJ.alHialion c.x-
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periments, analogous lo those regularly conducted in mod· 
em petrolog;icaJ laboratories. except tha1 we are left to derive 
the experimental conditions of the charge! However. the 
problems.,.. compounded. because then: has been more 
than one expcrimcnc the products of metamorphism (and 
any deuteric changes that may have taken place) have 
fonned subsequenOy both in the alloy (e.g .. magnetite) and 
lrom primary sill<:ates (e.g .. chlori1c and epidoee). 

PARAGENESIS OF THE PU.TINUM-GROUP 
MINERALS 

The mode of occurrence and 1extura.l relation,hips of 
the PGM and associated base metAI minerals described car
Hu have been used 10 Cl.'Ublish a tentative division of min· 
er.al parageneses (fable 10.13). The PGM .,.. subdivided 
into two groups: predominantly platinum alloys that are con· 
sidered IO have segregated from high-temperature silicate 
melts, and other PGM and base-metal minerals that.,.. con
sidered to have formed during later mctamorphis·m and ser• 
pc.nlinization.. 

1be euhcdral nature of platinum alloys locked in ch_ro.. 
mite (e.g .. Phoios 10.2A. B. 10.3), the large grains of inter
cumulate alloys in nuggets thate.nc,losecumulatcolivinc Md 
chromite (e.g .. Photos 10.6A. 10.7), nnd their dcmonstr:11cd 
association with concentrations of chromite in the dunitc 
core or the Tulamccn complex. leave litde doubt thtu these 
early PGM represent the products ofhigh-1empcratmecrys
ualli:ta1ion or primitive mantle-derived magmas. 

The coprccipitation of Pt·Fe alloys and chromite in 
Ala.skan..rype intrusions has recently been addressed by 
Amosse et al. (1990), who investigated the solubility of 
platinum and iridium in a ba.ultic melt. Based on thcrmo
dynamjc con.sidcrotjons and expcrimenl.tlJ data., they showed 
that an Jncrca~ in oxygen fugacity dccre~ the so1ubilily 
of platinum and iridium in the melt, and argued lha1 Pt-Fe 
alloys with IOCI> iron may prccipit.a.te in platinum·satu.ratcd 
melts at typical ba.soltic liquidus tcmpennures and oxygen 
fugacitiesof approximately 10,. kilopascals, conditions that 

TABLE t0.13 
PARAGENESIS OF PGM AND ASSOCIATED MINl! RALS 

IN THE TULAMEEN COMPLllX 

l:.lrl)' POM 
(High•T. magm:i1k) 

Cooperiie 
Ertk:hmani1e 
lr•l"UllO)'l 
Laurhc 
Pt-Fe.CU-Ni itl)O)'S 
Ru-0:c·lt aUO)'S 

latt PGM. Bue ud l>mcioo!i Mcu..t, 
{Low•T, b)'drochcnnal) 

Cuo11ik 
Genkinicc 
Gc,"enitc. 
Ni suJphi1ks 
NI an1hnonidc:1 
Ni ant:nides 
N:wh·e COl'P(t 
N:ui,·c l1h·u 
N101idc 
Platini;an t'opp:'t 

ri wide 
Rh-lt(AsS} 
RhSbS 
Spcff)'lhe 
Tolovt-lt<' 
Tubmtcni1e 
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enhance 1he precipi11uion or c.hromite (Hill and Roeder, 
1974). As platinum is more soluble than iridium under a 
wide range or oxygen and sulphur rugacilies, lhe prccipila-
1.ton or Pt-r-e alloys in nature ought to be accompanied by 
iridium-rich phases. The predicted consequences or mag
matitcrysrnlHunion are observed in the Tulameen complex. 
in which the precipitation of chromite and Pt-Fe-Cu-Ni al
loys (contnining significant amounts or iridium in solid so
lution; Tables I 0.2A and B) is accompanied by rare iridium 
and plo1.inian iridium (formerly platiniridium: ef. Tobie 
10.9). The prcpondcrnncc or pl>1inum-rich as opposed ro 
iridium-rich pha~s in thechromititesof thc Tulamc::cn com
plex presumably rcOccts lhe hlgh overall Pt/Ir rntio or pa
rco1al magmn.s.. 

By anology with the synthetic Pt-Fe system (Heald, 
1%7), lhe considcrnble rnnge or platinum alloy compo.sj-
1ions along the Pt-Fe join in Figure 10.7 is as expected if 
complete solid•solution exists at typical liquidus tempera
cures of basaltic sys1cms ( I 300-1200°C). However. there is 
evidence thAC some of the early Pt-Fe-Cu-Ni alloy oompo. 
s.ilioos may have undergone high-temperature subsolidu.s 
modification during cooling. lbe tic lines for ,wo coexisting 
pairsofolloys rrom the samechromitite Jayer(Tablc I0.2A). 
including a1 leas1 one zoned, euhedral crystal (PhOlo 10.3). 
suaddle n compositional gnp scp3.t'Dting tctrafcrroplatinum 
f P1(Fe.Ni.Cu)J ond isorerroplo1inum (P12..1(Fe.Ni,Cu)1.sJ 
(Figure 10.7). These relncionships <uggcs1 lhe presence ora 
miscibility gap in the systc,m Pt-Fe-Ni-Cu. analogous to thal 
implied to exist ot low temperatures bc1wccn pure Pl1Fe. a.nd 
PtFe (Cabri and Feather, J97S). However. intimate, eu1cc-
1ic-lilce in1crgrowths or1hese olloys. such as those described 
by Johon et al. (1989) for nearly pure Pt-Fe phases. hove not 
been observed. 

Even though the faceted crys.tals that arc contained in 
chromite. shown in Photo J0.3. uppenr to have grown from 
a melt, several internal features seem somewhat unusual for 
a growth phenomenon: the extremely variable thickness of 
the isofe,rroplat..inum rim, its sharp contact with tctrafem,. 

platinum in the core, nnd the highly incgular conmct be
tween these phases. We spccula1c that the zoning in this 
crystal may represent a react.ion texture with its origin inli
m1ucty linked 10 its chromite host. For example, NaJdreu 
and Lehmann (1987) poinced OUI thol where sulphide and 
chromite coexist. vaco.ncies in the chromite Janice site$ can 
be expected 10 llll<e up iron on cooling and thus promo1e 
desulphuriz.ation reactions whereby the proportion of base 
mcta.J sulphides decreases. and clement! l_ikc copper. nickel 
and the platinum group arc concentmted in the remaining 
sulphides. A similar mechanism ma.y also ex:plo.in the zoned 
Inclusions or platinum alloys in chromite. Loss oriron rrom 
Pr-Fe alloy 10 fill V3cande.~ in chromite could produce 
isofcrrophninum on cooling within a miscibility gap in the 
pl:i.t.inum a..lloy system. If this suggestion is viable. nickel 
and copper mu" be removed 1oge1hcr with iron (cf. Figure 
I0.78 •nd C) and 1e1rafcrropla1inum moy represent • relicL 
high•tempcrature composition. This explanation is only ap
plied to the formation or isoferroplntinum in this particufar 
chromiti1c. 
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Tex1urul evidence suggescs tho1 the lace PGM (Tobie 
10.13) resulted from in situ mcutsom:nic replaccmenl or 
platinum alloy primocryscs (e.g .. Pho<os 10.1, I0.2C and 0, 
10.48. 10.80) and limited Jocaliud rrnc1ure-filling within 
the chromiti1e host (e.g .. Photos JO.I B. 10.4A and 8). Thus, 
the mobili1y of PGEduring hydrothcrmal alcerntion appears 
10 be Jlmiled-

Thc only Pt-Fe-Cu-Ni alloy 1ha1 is clearly secondary is 
tulamee.n.ite, which is intimately associated with platinian 
copper in both nugget and lode occumnccs. Platinimn c::<>p-
pcr ii intcrgrown with a variely or products or la.te-stage 
crys1alliz.ation lhatarecncloscd in serpentine. including.sec
ondary magnetite that is prcsumobly derived from the break· 
down or olivine (Photo I0.5C). In one chromitite. 
1u.la:meenite fonns an intimate intc:rgrowth with isofcfl'Opltu· 
inum(?) and appears 10 partly replace lheeuhcdral Pt-Fe-Ni
Cu alloy grnin (Photos J0.2C and 0). An equation can be 
written that describes this reaction in the presence or an 
aqueous fluid: 

Pt;Pe + 2Cu = Pt,Cul'c + (Cu. Pt) 
lso/~r,o.- J111id 

platinum 
tulnmunit~ platinlan 

<Of'P<' 

The presence of nlltivc copper in carbonatc·scrpcndne 
vdnl.cts thnt cut chromit.i1cs (Pho10 10.50) indicates a rel:.'!· 
lively high activity or copper and low sulphur rugacity in 
the fluid phase. and suggcscs tha1 reactions of this type arc 
indeed pertinent 10 the genesis or ccrutln of lhe c0pper-ricb 
PGM . The scoondary nature o ( tulamecnitc in lode ttnd 
placer dcposilS of the Urals was previously noted by Belek
htin (1% I) who auribu1ed ils formation 10 lhe scrpcntiniza
tion oru11ramafic massifs (q. Cabri and Oenkin, 1991). 

Textural relationships among platinum alloys. sper· 
rylitc and gcvcrsitc seem somewhat ambiguous. TI,c latter 
two minerals are found as fracture fillings in chromite (Pho-
1os 10.1 B. 10.4A and B) and as subhcdral grains localed on 
fractures (Photos 10.10 and 10.48). In addition, geversitc
(onns complex inte.rgrowths with nickel antimonides and 
platinian copper (Photos 10.4C and JO.SA). The common 
association or geversitc with base metal antimonidcs in scr· 
pcn1inc suggests a low-tempcralure hydrothermal origin 
and is also compatible with the presence of geversice along 
fr.>c1urcs in chromice (Photo I 0.4A). Where certain fractures 
exposed primary platinum alloys IO lhe action of hydrother
mal fluids. soine grains were completely transformed to 
platinum a.ntimonidcs and 11.rscnides (Photos 10. l D and 
10.48). Breithauplile and plalinian copper have locally 
formed lacer thon geversi1c (Photos 10.4C and 0 , JO.SA), 
and these mineraJs nrc commonly inlergrown with nickel 
3.J'SCnidcs and a.ntimonidcs (Photo I 0.58). Equations or the 
lype: 

Jl'l,F< + IOAs + 8Sb + 20, = 5PtAn + 4PL%2 + Fc)O, 
iso/uro- fluid jlufd 
platinum 

PtSb, + 4N1 a (Ni. Pt)Sb + NIJSb 
gn-enitt fluid brtlth<mptltt NI tmtim<mld< 

PIA11 + 2Ni + Cu : 2.Ni.AJ + 
sperrylirt fluid f111,'d NI arsenid< 

(Cu, Pt) 
platinian 

<DPP<' 

Gtolozkol Sun•ey Broncl, 



can potentially explain these observations. Textural evidence ror 
tquilibrium between gcvc.rsite and spcnyliee is lacking. 

Small quantities or pJntinum detected in nickel anti· 
mon.idcs appear 10 dec.rcasc in proportion 10 increasing 
Ni/Sb ratios in the antimonides (fable 10.6). The nickel in 
antimonidcs and arsenidcs is readily available via scrpenti• 
niution of olivine in host dunite. The copper and antimony 
may well have bec-n derived from ouLSide I.he Tu1amct.n 
complex by leaching of Nicola Group hostrocks. 

Rhodium sulpharscnides panly reploce primary plati
num alloys (1'1,o10 10.18 and C) and probably formed more 
or Jess contemporaneously with platinum arsc.nides and an4 

timonidcs. lbc fonnation of rare platinum oxide (6.g .. Photo 
10.4C and D) provides cleru' evidence of al1erntion under 
conditions of locally higb oxygen fugacity. 

lntergrowths of magnetite in platinum alloy also appear 
10 have formed in response to conditions of elevated oxygen 
fugacity. and arc Jinked wich serpentinitation and hy
drothem,aJ aherntion of chromiu:. The abundance of fine 
m:.gncdtc in1ergrowths in platinum alloy OOjacent to chro
mite (Pho<os I0.6B and I0.7D) str0ngly suggests a low-tem
perature reaction relationship. Relevant equations may be 
represented by: 

FcCr,O, , l 8 PtFc • I 00, = 61'1)Fc + 2~ •• JFe:,0.. 
chromfrt tt11a/trro- lsoft.no- forrlt· mo,,v.titt 

plo"11JMt plo,1flwn chroml,e 

FcCr,o. + 61'1JFe+40, • 2FciCrO, + Fc:,O.. + 18Pt 

Pla1inum may be immobile, and loss of iron from 
letrafcrroplatinum may fem, magne1ile and fcrri1chromlu: 
in ru, isoferroplotinum reaction product. Ali,,matively, plall
nu.m may enter the fluid phase and take pan in localiud 
n:ac.lions involving antimonidc& and arsenidcs as described 
earlier. Another possibility is that panof lhc platinum enters 
the magnelile structure. us postulated by Oibri tr al. ( 1981). 
The fine•graioed nature of sccondo.ry magnetite in the Tu~ 
lamecn nuggcis precluded confinnation of the latter hy· 
pothcsis. 

SULPHIDES 
Sulphide minerals identified in lode and plocer occur

rcnc.es include extremely rare POM (erlichmanite and 
lauri u:) and base meml sulphides (pyrite. m illcri te or heatle
woodi1c. pcntJanditc. viola.rite. bravoitc. rare chaloopyrite 
and on undetermined Ni-Co-Fe sulphide). The pn,scnce of 
pynhollte has nor been confinned. Etlichmanite and laurite 
arc ossociated with platinum aJ.Joys and a,e considered to 
have a high-tcmpcnllurc origin. Lauritc, in particular, has 
been observed with n fooe1ed morphology. In chromi1iu:s. 
the sulphides are invariably found in the interstices among 
chromirc grains associated wilh serpentine, magnetite and 
secondory PGM; no sulphides have been observed to coexist 
with prin,ary Pt-Fe..CU•Ni alloys enclosed in chromite. In 
one nugget. however. pen1landl1e and chalcopyrice have 
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bcc.n identified in Pt·Fe alloy. but not: without other sccon• 
dary oxides (magnetite) and PGM c,.g .. irnrsiu:: cf. Raioevic 
and Oibri 1976). 

St. Louis., al. (1986) made similar observations but 
proposed that some sulphides, in particular pentlandile, had 
a relatively high-temperature, magmatic origin .. However, 
their illuslnllion of this type or parngcocsis (St. Louis <1 al. 
1986, Figure 28) involves on intergrowtb of serpentine. 
magnc1itc, pcntlanditc. spenylitc and irarsitc within a frac
tured area in chromile. Although the possibility of 1roce 
amounts of moglllJltic base metal sulphides, albeit remo
bilized. connol be categorically ruled out. this mineral as
semblage is quite consistent with a Jow•tempcraturc, 
hydrothermal porngeocsis. as implied eru'licr. 

SUMMARY OF PGE MINERAUZATION IN 
THE TULAMEEN COMPLEX 

Detailed study of the Tulamecn complex ha.< been di
rected toward a better understanding of lbe nature o.od origin 
of disseminated PGM in mafic-ultrumafic intrusions of the 
Alaskan 1ype. and their spatially a.ssocia1cd placers. The 
anomalously high coneenltations of POE in Tulamccn 
chromititcs and plocers is explained by the presence of dis
crete primary and secondary PGM. Key features of the pri
mary PGM. pn:dominan1Jy represented by Pt-Fe alloys with 
minor but significant abundances of copper and nickel. arc 
their idiomorphic habit in chromltiu:s and coarsely crysml
line 1cxturc in nuggets where platinum alloys enclose cumu
lu.< ehromiu: and olivine. s«ondary PGM. chiefly platinum 
arsenides and antimon.ide.,. rhodium-iridjum sulfa.rsenidcs., 
culamecnite and platinian COppC< developed locally in PGE
enriched hostrocks by meiasomallc replacement and limited 
remobilization of primary platinum alloys. The lauer PGM 
were produced during subsequent scrpcntinization and re
gional metamorphism, and are associated with secondary 
Jow•tcmpcraturc b3SC metal sulphjdes, arsenides 11.nd ox .. 
ides. 

Although there arc djffercnces in the nature nnd fre
quency of !he PGM be1wcen bedrock and placer occur
rences, coexisting gunguc minerals confirm their derivation 
from a common source. In particular. the compositions of 
chromire and olivine in placer nuggets match those observed 
in chromitites in the dunite core of the Tulruncc.n complex. 
Olivine i.s es:pcciaJJy dfognostic because of its well-known 
tendency to rc-cquilibnuc with chromite on cooling. to pro
duce anomalously magncsian compositions. Intriguingly, 
one nugget contains inclusions of other primary silicates 
with a wide range of compositions th:u crystallized from 
silicate melts trapped in pJ:.tinum alloys at the time of 
chrom.itite fonnation. 1besc crystalHzation products oppear 
to m.imK: the liquid line of descent reconled by cumulate 
mincrab in the ullrumafic rocks of !he Tulamcen complex. 
and may prcdic.t the compositions of iron-rich c.finopy
roxenes in gabbroic to dioritic magmas that would evolve 
during comagmatic. closed-system frac1ional crystal-
lization. 

Finally. we stress that che high-u:mpernlure PGM seg
regated directly from a $ilicate melt and were not generated 
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by exsolution from chromite or magmatic sulphides. 1be 
common association of Pt·Fe alloys and chromititcs in AJas,. 
ka.n·type inuusioni suggesu that whatevet mechanl.sm(s) 
triggers chromite precipitation in excess of normal cotcctic 
proporlions (<.g .. increase in /(Ol)J ol$0 enhllnce$ or initi
ates the precipitation orJ»l.f.c: aJJoys from primitive parental 
magmas or the Aloslcan-type association. 

ECONOMIC POTENTIAL OF 
ALASKAN-TYPE COMPLEXES- PGE AS 
AN EXPLORATION TOOL 

RecenOy. Barnes ( 1990) has shown how the ratios or 
oJclc.el and copper 10 POE may be used 10 evaluate the po
tential or mafic and ultnunafte rocks for a POE deposiL Hu 
diagrams an: n:produccd in Figul'CS 10.12 to 14 which show 
fields rorexlnJ$ivc rocks (t oma1.ii1es, high-MgO basalts and 
Oood basalts) commonly considerw 10 have fonned by pa,
tial melting of manOe peridotite. and cumulate, rocks from 
different geological environments. Also plotled.,.. chromi· 
tiles from an Alaskan-type complex (Tulameen) which may 
be compared 10 those from layered intrusions (LI) and 
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::, 
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CKROMfflTES 
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l'iJIIIC 10. I 2. A. Pd/Ir vusus NOCU And 8. Ni/Pd vcmn Q,/lr plots 
for chromitiies r.tom Al:ulcan•type complexes (as rcpre5elliod by 
the Tulameeo complex) and vvious mafic and ultramaf,c rock 
types, copper-rkb sulphide veins and PGE reefs (after Barnes. 
1990). Vccton lndicotc addition or olivine (01). chromile (Chr), 
sulphides (Sul) and plotinum-group mlnenls (PGM). 
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opruolitcs (OPH). Figure 10.12 appean to be the most ef
fective discriminant for the various rock types with the no
table exception of Alaskan-type chromitileS which arc best 
distinguished in Figure 10.14. However, the former diagram 
is p<0bably less useful for exploration purposes os analysis 
ror iridium is expcns:ive and commereial 1aboratc,rie$ rou
tinely offu cheap analylical packages for platinum. palla
dium and rhodium. The most important ramification for 
cxplon1tion is that rocks which have Ni/Pd and Cu/Ir (or 
Cu/Rh or Cu/Pt) ratios lower than the in,nd rorthe exlnl$ive 
rocks (FigUl'CS I0.12B. 10,138 and I0.14B) have experi
enced some POE-enrichment process and could represent 
prime exploration targets. Conversely, rock< in which these 
same ratjos are greater than those for the extrusive rocks are 
dcpleled in POE and are expected 10 mate poor prospecting 
targets. Tbc.<e conclusions pertain 10 magmatic ores and the 
diagrams an: not intended for use with rcmobilitcd or hy
drothermal deposits. 

Facton, affecting the distribution or nickel, copper and 
POE in uhramafic and mafic rocks include panlal melting 
and the segregation or olivine. chromite,, s..lphidcs and PGM 
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Figun, 10.13. A. Pd/Rh VCl>"W N'.O. and 8 . Ni/Pd versus Cw'RII 
plots rorcluomitiie, from Alman-type complexes (as n,presentcd 
by the Tul.i.meen compleJC) and variouJ mafic and ultra.ma.fie rock 
1ypes. copper-deb sulphide ,,eins and POE reers (after Barnes, 
1990). Vccton as in Figure 10.12. 
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by Lhe Tuhunecn complex) and various mafic and uh.ram.a.fie roct 
1ypcs. coppcr•ric:h sulphide veiM and POE reefs (afttr Barnes. 
1990). VcctonasinFigure l0.1 1. 

in early crys1al cumulates. Progressive paniaJ melting of 
mnnilc pcrido1ite yields the lrtnd for mafic extrusive rocks 
where komntiilcs represen! the highes1, nod nood b3.Slllts the 
lowest degree of partial melting. 'The distinction of various 
magma types in these plo<s can beexlrtmcly useful (Barnes. 
1990). For example. an intrusion mig),1 be considered a good 
lnrgcl for a PGE deposil if sumplcs from itS chilled margin 
foll within the field of high-MgO basal!. as almosl all of the 
world. s most significanl PGE dcposi<s (i.e., those hos1ed by 
large sltlltlform complexes such as the Bushveld nod Still· 
w-ater complexes) are associated with this parental magma 
1ype. However, not all PGE-cnriched sulphides arc associ
aled with !he high-MgO magma type: exceptions include 
the Noril"sk-Talnakh intrusions (Naldrcn, 1989) and 1he 
precious metal#enriched (gold-pallad.ium) tones in the 
Skacrgaard intrusion (Bird <1 al., 1991), although !he Janer 
may be subcconomic. 

ln rocks formed by crystal accumulation. olivine and 
ehromi1c arc the main sources of variation ln Figures 
10.12A, I0.13Anod 10.14A. Plagioclasenodpyroxcocfrac
tionation arc not thought to appreciably cffcc1 the Ni/Cu and 
inter#PGE ratios (Barnes. 1990). Accumulation or olivine 
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or chromite drives resulting cumulates parallel or subparal· 
lei IO !he 1ttnd of extrusive rocks in the general dircc1ion of 
the field for mantle peridotlte. Thus, if cumulaie rocks ore 
!he only samples available, !he 1ttnd for l•ycr<d in!rUSions 
with PGE po!ential. for example, should project lhrough !he 
hig),-MgO basalt field. 

Once the importance of olivine and chromite crystal# 
lization has been established. figures I0.12B. 10.13B and 
10.14B may be used 1oasscss therolcofsulphidcs. Because 
sulphides scavenge the POE much more efficiently than 
they conccnttllte nickel and copper, the segregation of sul
phides from a magma causes !he Ni/Pd and Cu/Ir (or Cu/Rh 
or Cu/Pt) ratios to decrease in the sulphide-bearing cumulate 
(B11me.s. 1990). Thu.s. a cumulate containing the first
formed sulphides should plot below the lttnd of cxuusivc 
rocks in these figures, and consequently point to processes 
favourable 10 the formation of a PGE deposit. Nole tha! o 
second-s1age sulphide-forming event in a ,-ys1cm closed 10 
renewed mag,M supply would be expecled 10 yield PGE· 
poor cumulate.\. 

The precipitation of PGM directly from a silica« meh 
was 001 specifically addressed by Barnes (1990), bu! has 
recently been advanced 10 accowu for certain PGE deposi<s 
in island arc (Peck and Keays. 1990) and ophioli1ic (Com· 
vaux and Laflamme, 1990) seJtings. The distioctivc field for 
chromititcs of the Tulameen complex in Fi,gure I 0.14 re
flects the accumulation of pri.rnary J>t.Fe.-Cu-Ni alloys with 
very low Pd/Pt and Cu/Pt ratios that crySlalliud from sul
phur-underutura1ed liquids (disclJ.!Sed above). This di•· 
gram therefore appears 10 be moSl cffcclive for evaluating 
the PGE ~ntial of Alaskan-1ype oomplexes. 

PGE MINERALIZATION IN 
ALASKAN-TYPE VERSUS STRATIFORM 
AND OPIDOLmc COMPLEXES 

ln Alaskan-type complexes in gcocral, the chromjtirc
PGE association appears to be the most widespread 1ype of 
lode mincrali1.ation, though not the sole economic targct(c/. 
Cox nod Singer, 1986: Nixon and Hammack. 1991). In foci. 
POE-enriched c.hromitites are even more impon.ant in other 
geological environments. such as stratiform maftc intru
sions (e.g., Bushve.ld complex. Soulh Afrie•: S1illwo1er 
complex, Montana~ and Bird R.iver sjll. Manitoba). and 3.lso 
have potcnlial in the Alpine-type or ophiolitic (podiform) 
settings (e.g., Shetlnod ophioUJe. Prichard et al., 1986). The 
podifcxm chromjt.ites arc usuaJJy impoverished in platinum 
and paJladium relative to ruthenium. osmium. iridium (t'.g. , 
Legendre nod Auge. 1986). as are some stratiform chromi• 
tiles (e.g .. Bird River and most Stillwa1cr chromititcs: Cabri 
and Lafl•mme. 1988: Tollting<on and Watkinson. 1986). 
However, ccn.ain sttatiform chromititcs (e.g .• those in the 
Middle and Upper Groups of the Bush veld complex and !he 
A chromiti!C of the Stillwate, complex) exhibit anomalous 
enrichment of platinum and palladium, although 001 as CX· 

lttmc as that encounu:r<d in the PGE-rich, sulphide-bearing 
reefs such as the Mercnsky (Busbvcld) and J·M (Stillwater), 
which arc cbarocJerizcd by extremely high 
PHPd/(Ru-+Os+Ir) ratios (Naldreu., al .. 1987: Lee and 
Pany. 1988). 
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ln order lO explain differences between the distribution 
ood abundances or POE in chromitite., from layered intro· 
sivc and ophiolitic compJexc.,. Naldreu and von Gruenc
waldl (1989) proposed that Ille concentrotion of platinwn 
:ind palladium in s1ra1irorm chromititcs. and high 
P1+Pd/(Ru+Os+lr) ratios. rcncc, Ille fonncr presence or 
base metal sulphides in Ille chromili!CS. The origin•! proc
CSJ of concentration of the PGE is perceived 10 be that or 
c-0llcction by an iron-coppcr,nickel-rich sulphide liquid. 
Subsequent c:rystallization or non•sulphidc POM occurs 
during cooling at high 1cmpc.ra1ures. and the desulphurize
tion rcac:,tlons arc driven by subsolidus uptake of sulphide
hosted iron by chromite (Naldrcn and Lehmann 1987). They 
f unhcr conc.luded thauuch a process could account for high 
conccnuations of PGE in c-hromiti1es with liltlc or no visible 
sulphide, and 1ruit high Pt+Pd/(Ru+Os+lr) ratios indicate 
app,ecioblc originol sulphide con1enL 
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The 1cxmraJ and minero.Jogicll1 data prcscnl.Cd here for 
the Tulamccn complex do nol suppon such a mechanism for 
chromitite,associat.ed POE mineralization in Alask.an-1ype 
in1rusions. The PGE arc primarily conlllincd in Pt-Fe and 
Pt-Ir alloys, and.just as in Ille majority of Alaskon,1ypccom
ple.xes. a.re not associated with primary magmatic base metal 
s ulphides (Cabri 1981 ). We note 1ha1 the high 
Pt+Pd/(Ru+Os+lr) ratios of PGE-cnrichcd chromilile$ in 
the Tulamccn and other Alaskan-type complexes arc typi• 
eally accompanied by high Pt/Pd ratios (t.g., Nixon and 
Hammack, 1991). The lauer feature appears inconsis1en1 
with collection by base-mcllll sulphides. which are known 
lo concentrate both platinum and palladium (e.g., Mak
ovicky et al., 1986; Talkington and Watkinson, 1986; 
Naldrcu. 1989). In Ille case of Ille Tulamccn and many other 
Alaskan-type intrusions, the conccn1ra1ion of POE in 
chromililcs is best explained by the accumulation of plati• 
num-rich alloys that segregated clirectly from Ille mcll a1 an 
early stage in the evolution of the complex. 



CHAPTER 11 MAGMATIC AND 
TECTONIC SETTING OF 

ALASKAN-TYPE COMPLEXES 

THE LONGEVITY OF MESOZOIC ARC 
MAGMATISM IN QUESNELLIA AND 
STIKINIA 

Alaslcan·-typc complexes in British Columbia have 
been considered to be Late Triassic in age and generally 
coeval with widespread Upper Triassic 10 arc volcanic 
rocks of lhc Middle Triassic 10 Early Jurassic Rossland-Ni
cola-Takla-Stuhini groups in Quesnellia and Stikinia 
(Evcnchick el al .. 1986: Irvine, 1976; Wheeler and 
McFecly. 1991: Woodswonh <t al., 1991). However, ptae· 
tically all of lhc gcochronometric data used 10 suppor, this 
cootcntion a.re based on conventional K-Ar di.ting tech
niques that 3te prone to post.emplacement thcnnal rc$cUing. 
The earliest allcmpt 10 dale Alaskan-type complexes by U· 
Pb zircon techniques appears 10 have been made by Rublee 
Md Parrish (1990) a, the Tulameen complex. Preliminary 
results for slightly discordun1 zircon frnctlons in monio
sycnites associated with this complex yie.ld <btcS 1ha1 s1rad
dlclhc Triassic-Jurassic boundary (204-212 Ma; Rublee and 
Parrish. 1990). However, the new U-Pb i.socopic date.~ re
ported above for zircons cx1r.1c1cd from la1e-s111ge quartt
fcldspar-bc3ring pegmati1cs of Alaskan-type complexes in 
north-cenlr.ll British Columbin (Chapters 4 and 8) provide 
direct evidence for the longevity of arc m:1g.malism in Ques
nellia in early Mesozoic time. 

The Lunar Creek Complex, located on the weslcm mar
gin or Qucsncllia near the southern 1erminatjon o f the 
Kutcho faulr (Figure 11.1), has yielded a U-Pb zin:on age 
of237:t2 (2o) Ma (Mid-Triassic- Ladinion. using lhc 1ime 
sc,lle of Harlond et al .. 1990), which ma.kes it lhc oldes1 
known, dircetly dntcd Alaskan-type intrusion in British Co,. 
1umbia. Alask.an•type complexes of possibly similar age oc
c ur 10 the west in northern Stikinia (Figu re 1. 1). 
Poiassium-argon dating of hornblende in homblendite and 
hornblende clinopyroxenitc of lhc Gnat Lakes complex, for 
example, hlls yielded iso1opic age, of 230±10 (2o) and 
227±14 Ma, 1ha1 is. early Lale Triassic (Anderson, 1983). 
About 1 SO kilometres to the sou1hwes1 ot Mount Hickman. 
an Ala.skan-type complex has been inuudcd by lhc Hickman 
b:llholilh, the main phase of which has been da1ed by K-Ar 
on hornblende al 221±16 (2o) Ma or mid-L:11e Triassic 
(Hickman plu1on, Holbeck. 1988). A reccnUy acquired. con
conlan1 U-Pb ziroon dale of 371 :t3 (2o) Mo (J.M. Logan, 
personal communic-,uion. 1992) from the Forest Kerr - More 
Creek granitoid pluton, which incorporates a raft of u)
u-amafic rock (phlogopite.oJivinc-hornblcnde clinopy
roxcnite) that is mincraJogically consistent with an 
Alaskan-type aflinily (Logan and Koyanagi, 1989), may in-
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dicate that an even older suite of Late Devonian Ala.~ka.n.·-
1ype complexes is pre.sen, in nOrthcm Stil<inia. A parallel 
situation i.s now known to exist in southeastern Alaska 
where, al1hoogh the majorily of Alaskan-1ypc inuusions arc 
believed 10 be mid~u,eeous. K-Ar dating has revealed• 
distinclly older group of early Paleozoic comp.loxes (Loney 
<t al .. 1987). 

The youngcs1 Alaskan-type inuusion thus far daled in 
British Columbi.a is the Polaris complex. situated at the east• 
cm edge of Quesnell in (Figure I I.I), with • coooordanl U
Pb •ge of 186±2 (2o ) Ma (131c Early Jurassic - earliest 
Toarcian). Rcccnl work in the Nation Lnkcs ar,:n some ISO 
kilometres to the south, has recovered early and late Plc
insbachian ammonicc faunas from intcrvolcanie sho:lcs pre
sumed to lie near 1he 1op of lhc Takla Group in Qucsncllin 
(Bellcfontnine and Nelson, 1992). These fossils mark a Cor
djllenm•wide marine transgression in P1iensbachian lime 
tha1 OCClJrred after the main phase of nrt: cons1niction. Un
derlying volcanic lithologies are correlated wilh Lower Ju
rassic (Sinemurian) calc.alkaline volcanic rocks in Stikinia 
(i.e .. Tclkwa Fonnadon of the Hau:lton Group; Bellefon
"'ine and Nelson, 1992). The loller lithologies were depos
iled contempora neously with Lowc.r Juras s ic 
(Sioemurian-Plien.sbachian) mafic:•intcnnediatc volcanic 
arc sequences in the Quesnel Temme of southern Britis.h 
Columbia (i.e .. Elise Formation of the Ross land Group; Tip
per, 1984; H5y and Andrew, 1989, 1991 ). Emplacement of 
the high-level Polaris complex al the beginning of lhc Toar
cian thcref o,c occurred during the waning scages of arc mag .. 
m3tism. Interestingly. in Qucsnellia at least. mineralogical 
evidence suggests thl.u p:ircntal magmas of the Polaris com• 
plcx were or high-pota.Uium affinity, as were some or the 
latest produc'ts or arc volcanism which have a decidedly 
shoshonitic character (Bcddoe•Stcphens and Lambert. 
1981: Bellefon••ine and Nelson, 1992). 

In sumrmuy, available geologic and gcochronometric 
data indicarc 1ha1 Alaslcan-1ype complexes were cmplaccd 
throughout thccnrire span of early Mesozoic arc mag.mntis.m 
in Que.,ncllia a, leos1, Md possibly also in Stikinio. This 
magmatism began ln the mid-Triassic and continued 
through 10 lhc uccrction of islond an: lCmlJ\CS a1 1hc end of 
lhc Early Jurassic (discussed below). Recently, Nelson and 
Mihalynuk ( 1992) lmvc orgued thot fauna!, geologic and iso
topic link.ages between Qucsnellia and Stikinia arc so strong 
as 10 imply tha1 lhcy constiluled part of a fcsloon of volcanic 
arcs draped along lhc CO<dillcran margin in Late Triassic 10 
Early Jurassic time. The prcse.nce o f Alaskan-1ype ul
tramafic complexes of similar age and tectonic setting is yc1 
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Figure 11. l Paninl rcstom.tion of Al.askan-lypt complexc, in nonh.,cen1:n1J British Columbi1. A. GeneraJiud tcrranc clcmcms and major 
foul1&. 8 . Rct .tonlioo or 60 kik>mctres or move:mcnt on lhc ThudaU fauh Ind .SO kilometJCC on the Finl.Ay and lngcnika (auhs (aflcr 
Gabricbe, 1985). Patterns as in Figure 11.2 

another common thread sh.tlred by these 3iCCreted arc term

"""· 
TIMING OF EARLY MESOZOIC 
DEFORMATION AND TERRANE 
ACCRETION 

The U-Pb age of lhe Polaris complex places importnn1 
constraints on lhc timing or con1ruc1ionaJ dcJonnatlon asso
ciated with docking of accreted terranes. specifically Qucs· 
ncllin, ogoinst lhc miogcoclinal margin of nnccstml NOrth 
Amcric3. 

As described ear1icr (Chapccr 8). lhe Polaris complex 
is • sill-like intn1sion wilh • kinenutically deformed lhcnn•I 
aureole exposed ill its base. Hen:. mnfic voJcanjc orvolcani~ 
e lastic protolilhs have been recrystallized to amphibo1i1c. 
and crubonoceous shales ,o andalusite (chiastolite) schists. 
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The ll.mpbibolitcs invariably exhibit a per\C.tmr.ivc foliation 
and chinstoli1e porphyroblnsts in lhe pelilCS have been nat
tened within lhc plane of lhc schistosity. Farther from lhc 
contoc1. Lhcse rocks pass downwnrd into massive volcanics. 
foliated carbonates and finc•gt:1.lncd elastics wilh green· 
schist·grndc metamorphic assemblages. 'The region11l foJia. 
tion imprinted in the hostrocks is concordant with rabrics: in 
lhc aureole. The kinematics (C/S fabrics) or ductile shcnr 
zoneJ within the aureole indicate eastward tmnsport o( the 
Polaris complex together with its wallrocks. These !Cxturnl 
fentures indicate thnt cas'lward•vcrging deformation oc~ 
curred while the lhennaJ aureole was hot. Howevc,r, pcne. 
trntivc fabrics have not been observed within the complex. 
suggesting lhot solidification was cssentiallycomplotc prior 
10 deformation. As the 1i.reons that yield the U-Pb age of 
I 86:t2 Ma are concordant and come from a late feldspac.hic 
pegmntite near the roof of the intrusion. this date represents 
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lhe fmal stoges of cryslaltiiation of the complex. F\Jnhcr
morc. the intrusion was cmploccd nt a relatively high-level 
(subvolcanic?) within the Cn.t.S'l and so is unlikely to have 
experienced procrne1ed cooling. Thetcfore. !he enrly Toot• 
c-ian date is considered to be a good approximation of the 
timing of the deformation even,. 

The l'C-g.ionaJ schistosity and eastward-verging defor
mation in this pan or the Lay Range is correlated with the 
eorlics1 phase of deformation recogniud in !he Jngcnikn 
Groupcasl of the Swannell faulL Here, Bellefonllline (1989. 
1991) has documenlcd an urly. approximall>ly synmcra
morphic foli:uion a.11.SOCiatcd with nonhcast•vergcnt. tight to 
isoclinal folds overprinled by scoond-phasc. pos1-mcramor
phic open folds and rninor S1ruc1ures a.<SOCia1ed wllh !he 
Swanncll lh.rust. At this lati1udc.. the Swanncll fault appears 
to be a $0lilhwcs1crly vergenc suture that places Upper Pro
terozoic miogcoclinal rocks of the Cassinr Tcrrunc upon the 
Harper Ranch SublCll'llne (Lay Range assemblage) of Qucs• 
nellia (Figure I I.I). This sequence of nonhcastwnrd ovcr-
1hrus1ing of allochthonous terrancs followed by 
southwestward back-thru.sting and back-folding or al· 
lochlhonous and aulOChlhonous miogcoclinal sequences is 
well known in lhe Omineca crystalline belt and has been 
linked to !he uccrciion of Quesncllia., or 1he lnlemlOnlane 
Supcrtcrranc, to the pericratonic margin (Monger et al .• 
1982: Brown., al., 1986: Price, 1986: Murphy. 1989). 

From lhecom:lations delllilcd above. !he enrlics1 phase 
of deformalion associated with this oc-crctionruy cvcn1 is 
precisely elated at I~ Ma or carli~t Toarcian. This tim
ing issupportedbylhc rccen1 resullsofU·Pbd,iingby Mur
phy~, al. (1995) on syntcctonic to posMcctonic granitoid 
plu1ons in lhe soulhcm part oflhe Omineca Belt (Koo1enay 
Arc and Cariboo Mounrains). Based on Jess pn:cise rJrcon 
da1es and existing biochronological dam. !hey propose Iha! 
northeaSlward ovcnhrusting of Qucsnellia onlo the Nonh 
Ametica.n contincntaJ margin took place in mid~Toorcian 
tirne (ca. 183 Ma) nnd 1h01 subscquenl bocklhru•tiog of al
Jochlhooous nnd au1ochlhooous rocks ceased by !he end or 
!he Aalcnia.n (ca. 174 Ma). Deformation of similar age is 
wide.sprc:KI in the lntcnnonta.ne Sch. Jn northern Stikinio., 
for example. a regional angular uncon(ormhy occurs at the 
lxlsc of sirnra of uppcnnost Plicnsbochfan or Toorcian age 
(Henderson and Pcny, 1981:Gabrielse.1991). Volcaniclas· 
tic nx:b and lavasdircctJyovcrJying thi.s unconformity have 
yielded aconcordan, zin:on dale of 185:tl Ma (D.A. Brown. 
unpublished data). Folding. thrusting and synkinematic 
metamorphism a1 1hc non.hem edge or Stiltinia, associated 
wilh souihward-direc1ed ovenhrusting of Coche Creek Ter· 
rnne along the King Salmon fauh. occurred be1wccn urly 
Toon:inn and rniddlc Bajocian (Thorslad and Gabrielsc, 
1986: (;abrielsc. 1991 ). The synchronici1y of lhese even!$ 
in temtne.s of the lntcnnontane Bell and the miogeocline 
suggests that either contraction affected a brood ··soft" wnc 
of occre1cd temnes lhal had nmalgama1ed by fa,e Early Ju. 
rnssic time: or accretion to lhc Non.h American continental 
margin was contemporaneous with the final pbllSCS of amal· 
gwnation or 1he ln1crmontane Supcrterrnne (Cordey et ol .. 
1987. 1991). The presence of deformation of similar age in 
!he Insular Belt may imply Iha! Stildnia was alrcndy wnal
gwnated 10 lhe oulboard 1errancs of Wrnngellia and Alex-

andcr (Insular Supcrtem,ne) prior to final closure of !he 
Cache Creek ocean basin in !he l>ll>-Early 10 urly-Mlddle 
Jurassic (Murphy tt al .. 199S: Van der Heyden. 1992). 

TECTONIC SE'ITING OF THE 
TURNAGAJN COMPLEX AND 
STRIKE-SLIP DISPLACEMENTS IN 
CENTRAL BRITISH COLUMBIA 

The Tumagain Alasknn-lype complex has been studied 
in detail by Clark (197S. 1978. 1980) and a geologic map 
based pllftly on Clark's work hos been published by Nixon 
<I al. ( 1989). The 1cc1onic setting of !his ultrnmalic complex 
imposes some important constraints on Mesozoic 10 

(?)Early Tertiary slrilce-sllp motions along major trnnscur
rcnt faults in north-central British Columbia. 

1bc region.al setting orthc Tum.again complex i.s: shown 
in Figures I 1.2 and I I .3. The 00<1hem and eas,cm margins 
of the complex are bounded by a high-angle revenoe(?) faull 
which places locally scrpentinized and lalc-earbona1c-ol-
1ered duoite againsi black corbonaccous phyllilC. At lhe 
northwestern contact of the intrusion, Jowcrmos.t nmphibo
lite-grnde mctavolcanic nnd mctJISCdlmenUtry rocks in lhe 
hanging wall of the fauh a.re juxtaposed i:tgainst lower to mid· 
die greenschisl-grade assemblages in !he footwull. These 
wnphibolile-gmde rocks mny rcprcscn, vestiges of a kinc
matkally defonned thennaJ ourcole similar to thnt devcl• 
oped bcncalh !he Polaris complex (Chap1cr 8). Southeast of 
!he Tumagain complex. Clark (1975) doc:umcnled another 
small Alaskan•type "'ring complex" inlruding grnphi1ic $late 
and exhibiling a narrow but pronounced thermal aureole in• 
volving cordierite-anthophyllitc assemblages. Oabricl.sc 
( 1991) concluded Iha! Mississippian 10 Upper Triassic rocks 
fonning the allochlhonous sliver northcasl or the Ku1cho 
rauh and wcsl oh.he Rainbow fault wcte of occnnic affinity. 
However. in view of the prc.~nceo( Alaskan-type intrusions 
and arc-related $ilicic volcanics (originDJly correlated with 
!he Ku1cho Formation by Gabrielsc., al .. 1979), ii seems 
probable lha1 !his alloch1hon represenlS pan of Quesncllio. 
probably !he Harper Ranch Subterranc. as also inferred by 
Wheeler and Mcfeely (1991). In !his case. the high-angle 
reverse faull delinuting !he ea.stem margin oflhe Tulllllgain 
complex must extend to the southeast. This fault is udcen 10 
mark the eastern cxll"Cmity or Quesncllia and its southern 
exlension has been placed arbitrarily 01 lhc lxlsc of !he vol
canic package in !he soulh (H. Gabrielse. 1992. personal 
communication: Figure 11.3). The Tumagain allochlhon is 
considered to rcpn:sent :in extension of lhc eastwo.rd-verg
ing Houal>-Klinlci1 system which implies righ1-la1crul offsc1 
of opproximnll>ly 65 kilomeln:S along !his part of lhe Ku1cho 
fault mlher lhan 100 ldlomcln:s as cs1ima1ed by (;abrielse 
(1985). The tectonic setting of the Tum.again complex is 
direc1ly analogous 10 that of the Polaris complex farther 
soulh. In fact, the lilhologies which hosl lhese i.nlruSions an: 
so strikingly similar as 10 suggest a direct correlution with 
1he Lay Range a.<SCmblage (Harper Ranch Sub1ennne) de· 
scribed by Monger ( 1973). The black phyllilC unil in fault 
cont.act with the Tumagain complex fonns pan or a well~fo .. 
linted sequence or Lower Pnlcozoic fine-groined elastics 
that passes cas1wards in10 inre.rbeddcd sihs1ones, carbonates 
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1:+:-3 CASSIAR TERRAN[ 
Miogeoclinol offshelf succession of Ancestral 
North America intruded by gronHoids 

~ QUESNEL TERRAN( 
Island ore volcanic/volconiclostic rocks 
in truded by granifoids and Alaskan-type 
ullromafic con,plexes 

E=:=:=I CACHE CREEK TERRAN[ 
Oceanic occretionary prism complex ov(tr loin 
by ore volconics/volconicloslics and 
foreorc: or in1ro - orc sediments 

IZ2l STIKIN( TERRAN£ 
Upper Triassic lo m id - Jurassi c ore 
volcanics and orc- defived elastics 

Figure 11.2. Simplif >Cd tcmanc m:1p, Cry Late map-area, $bowing setting of Tutnagain Ala.1b1Mypc comp Ju and a smaUe:r '"ring 
complex" de.«rib<d by OMI< ( t97S). 
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Figure 11.4. Schematic tcrranc mocions and development or strike-slip faulting in oorth<entnlJ British C.Olumbla. Srt! tcxl (or' c.xpl11nation. 

and micaccous quartz.hes assigned co lhe Lower Combrinn 
Allin Formation (Gobriclsc el al .. 1979). The cxoct position 
or the foult boundary be1wecn litholog:iM repttSCnting the 
CassiarTcrranc (Alan Formntion)nnd QucsneJlia is not well 
known. The sedimenuuy rocks cas1 o.f Ques.ne.llia are con• 
sidett:d to represent the offshelf equivalents or displaced 
miogeoclinol sequences o f ancestral North America 
(Gobriclse. 1991; Wheeler and McFccly, 1991). 

Almost all of the major stike-slip faults in the Canadian 
Cordillera. including the Kutcho-Thibcn foul! system, have 
been demonstrated to have right-lateral displacements since 
al least the mid-Cn:toccous (Gabriclsc, 1985). However, 
permissive evidence for left-Lateral s trike-slip is found along 
the Thihcn fault west of the Tumagain complex. 

In the Cry Lake map area on the western side of the 
Cnchc Cn:ck Terranc, Monger ond Thorstad (1978) coined 
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!he name King Salmon assemblage for on oppon:n~y con
tinuous succession of Upper Triassic 10 Lower Jurassic 
rocks bounded by lhc Nahlin and King Solmon soolhwnrd
vcrging thrust foults. Three UthologicaJ divisions were rec
ognized: dominantly mafic to silicic arc•rclatcd volcanic 
i.U'KI volcaniclastic rocks of the Kutcho Formation: sparsely 
fossiliferous calbonate of the Sinwa Fonnation; and grey• 
wacke. silt.stone, shale and local conglomerate or 1he lnldin 
Formation (Figure 11.3). A nonhwesMrcnding sliver of 
these three litholog:ically distinc1jve subdivisions wos also 
identified n'l the eastern margin of lhc Cache Crcc.k accre
tiona,y complex (Gabrielse, 1962; Gabrielse e1 al., 1979; 
Figure 11.3). The latter authors noted tbot lhe eastern margin 
of this s liver is intruded by Barly Jurassic granodioritc 
whereas the wcs1em margin is in fault contac1 wi1h the 
Cache Cn:ek complex (Thiben fault). Later, Thorstad and 



Oobrielse (1986) and Onbriclse (1991) placed the trace or 
the Thibcn raul1 along lhe cu1em owgin or lhi• rock pack
age t\l'ld rc-frnerprctcd lhe western contact 10 be in strati• 
grnphic continuity wilh lhc Cache C=k. lhcreby plac.ing 
King Salmon lilllologies wilhin the Cache Creek Terrnnc 
(Wheeler ti ,d .. 1991 ). In contm.,t. Wheeler and Mcfeeley 
(1991) consider lha1 the Thiben rault defines lhc western 
limit of lh.i.s sliver. which they plllCC within Qucsncllia and 
con-elate wilh Lower Jumssic clMtic rocb or the Holl For· 
ma1ion. The.<c discrcp,meies arc probobly best reconciled by 
accepting the original lithological correlations made by 
Oobriel,c et al. (1979), ond regarding the sliver or King 
Solmon ussemblagc rocks a, the eastern mnrgin of 1he cache 
Creek Group 10 be completely bounded by steeply dipp.ing 
strike-slip faulis (H. Oabrielsc. personal communication. 
1992; Figure 11.3). As the major outcrops of King Snlmon 
lithologics lie along the wcslcm margin of the Cache Creek 
Terrnnc and end abruptly at lhc Kutcho raull. similaras...,m
blogcsaJong the Thibert fauh may rcprcscnl a toctonk sliver 
thnt has been displaced nonhwnrd by left-lau:rnl 1rnnsla1ion. 

One s-ccnorio for sinistral displaccmcn1 along the 
Kuteho-Thiben fault system is depic1cd in Figure 11.4 and 
involves differences in the mte of nonhward motion of fault• 
bounded blocks in lhc accreted and displaced pc:ricrutonic 
1em>nes relMive 10 the cra1on. Block A (Cache Creek and 
S1ikine 1C1Tanes) we.<1 of the Thiben foult, and Block B 
(Quesnel and Cassiarlerrancs) to lhccast. moved nonbwurd 
at different rotes (Vec1ors A and B. Figure 11.4) relative 10 
ancestml Non.h America (fixed. no1 shown). This results ln 
lcft-lotcral offse1 of appro,ima1ely JOO kilometres along lhc 
Thibert-Kutcho fault system. Al some laler time. Block 8 
docelerated relative 10 A and the Thibert foult jumped east
ward thereby cffecling the transfer of II sliver of King 
Salmon rocks 10 Block A (cache C=k Temne) and result
ing in dextrnl offsets along lhe Thibert and Kutcho foulls 
(figure 11 .4). Cumulativcdisplaccmenl n:lalive toancc$1tal 
Nor1h America can be aecomrnoda1ed by more Inboard 
faulis (e.g .. Tintina - Nonbcm Rocky Mountain Trench sys
tem · not shown). Provided that l3tc detlf41 l'fK)lion was en
tirely confined 10 the Thibcn &st splay, sinlstral kinematic 
(;ibrics mighl be preserved adj3oent 10 the Thibcn West 
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branch (Figure 11.3). A similnr u:ctonic history has been 
interpreted in 10uthem British Columbia when: late Meso
zoic (post•Albian) sinistral motion along a strD..nd of the 
Yolakom fault is succeeded by dextrnl displacemen1 (Eo
cene?) along 1he main faul t trace (Miller, 1988: P. 
Schiarizza. personal communication. 1992). 

Based on cons1rnin1s provided by strntigrnphic ,nd 
structural corrchuions and isotopic dating of plutons. 
Oabrielse (1985) delennincd lba1 pre-Lau: Crc1aceous nod 
younger{?) dextml displacemenlS along lbe Thiben and 
Kutcho foul IS were linked 10 movcmcnlS along lhc Thudalca
Finlay-lngenika fault system. Accommodating abou1 12.'i 
kilometres of de.x1rnl offset on the laucr system restores the 
trace of the Hottah-Swannell lhnlsl faullS and lhc Kutcho
Pinchi raul1 trace (Gabri else. l 98S; Figure 11.1 B). As ooced 
earlier, lhe HotUlh-Klinkil fault trace CllJl be restored by 65 
kilometres of motion along 1bc Kutcho fault; funhcr dis
placement of approxima1ely 110 kilometres along lhc Thl
ben-Kutcbo-Tak.la system is required in order 10 restore the 
trace or lhc Nahlin-Vi1ttl faul1 (Oubrielse. 1985). 

Ave-Lalleman1 and Oldow (1988) hove re.lated strike
slip displaccmenis along lhe Cordilleran margin 10 inn· 
spressional tectonics and shown that this hypochesis is 
consistent with both absolute and relative motions of Pacific 
ocean basin plates (Engebreison et al .. 1985). During lhc 
Triassic to mid-Cre1accous. Cordilleran suspect 1cnnnes 
were moving southwi:trd with respect to Non.h America due 
to lert-obliquc convergence., and thereafter oonhwnrd as 
convergence became right-oblique. Since Oabrie,Lse (198S) 
hos infcl'T'Cd lhot motions on most of the major faults shown 
in Figure 11 .1 probably lcrmlnoted by Late Cn:tneeou,. sin
i.nrnl displ3CC:tncnt along the Thibcrt-Kutcho fault system 
would presumably correspond to relative differences in the 
rou:s or soulbward rnlgrntion of foull·bounded blocks (L<., 
thit requires southward-directed Md reverse vectors for 
Blocks A nod Bin Figure 11.4). Strike-slip motion on mony 
of lbese faullS may have been lniliated as early IL< lbc late, 
Eatly JunwJc contractional deformation accompanying tcr
ranc accretion (A vc-Lallcman1 and Oldow. 1988; Oabriel,rc. 
1991). 
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U-Pb ANALYTICAL TECHNIQUES 
All U-Pb zircon analyses wen, perfonncd in the Geo

chronology l..o.bonuory of the Royal Onlllrio Museum by 
Hca.n\4.n. Rock .samples were pulverized in a jaw ausher 
nnd Bic:o disk mill using stringent cleaning proc.cdurcs (or 
all equipment. Zircon conccntnucs were obtained by 11 com· 
binat.ion or density and mag.nc1ic mineral separation proce· 
dun:s. The rock powdc" was initially passed over a Wilney 
t.ablc to obuain a heavy mincraJ COl')Ccnttnte. This concen• 
IJ'Ule was further processed using standard mineral scpara· 
tion techniques including a Franz isodynamic separator and 
heavy liquids (bromofonn, methylene iodide). The zircon 
grnins selected for analysis were hand·picked using a bin,. 
ocular microscope. and generally only tr.wparcn1 grains de
void of cncks. :tltcrntion, inclusions and othcrimpcrf cctions. 
were chosen. All zircon fractions were given an 11lr abrn.~ion 
Ltca1mcnt following the procedure outlined by Krogh 
(1982). 

The zfrcon fractions were washed io ni1.ric acid, 
weighed on disposable aluminum weighing boatS. and dis· 
sol,·cd in Parr-type ieflon bombs at 220°C using a mixtwc 
of HF and 8~NQJ11 S: I). Prionodissolulion, acalibnucd 
amoun1 of ... ~U ttaecr solution (Krogh a.nd Davis. 
197S) wos added 10 each sample in order to dctc:m1inc con
centrations by isotope diJution. The unccnainty in 1he coo
ctntmtions li:ncd in Tables 4. I and 8.1 are approxJnuatcJy 
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I% (2o) for mo<I fractions and 10% for fnM:tions weighing 
less than 10 micrograms. Uranium and lead were isololcd 
from the dissolved sample solutions by anion cxchnnge 
chroma1ogrophy generally fo llowing lhc p"occdurcs of 
Krogh (1973) except Iha! columns npproximatcly I/10th of 
!he sir.e of !hose rcponcd were used. The total procedural 
blank-< for Pb and U arc typically in the range 2-10 and 1-S 
picogmms. respectively. 

Both uranium and lead wen, loaded together onto out
gassed Re filamcnis in a mixlwc of silica gel and phosphoric 
acid (silica gel u:chnique of Cameron ti al .. 1969). The iso
topic mtios were meuured with a V03S4 mass spocltomctcr 
in a single collector mode using Faraday or Daly photomul
tiplier detector systems. All U and Pb isotopic data wen, 
corrected for mass discrimina1ion by a factor of 
+0.13%/omu based on replicate meuuremencs of NBS 
standards. lsocopic data dctennincd using the Daly deteclor 
were also fun her corrected by a factor or -+-0.)'ll,/amu. U-Pb 
age calculations and error cst.imalion follow the procedure 
of Davis (1982). All errors arc rc~"f. ai..l!)e 9S% confi
dence level. The unccltlinty in the Pb."""Pb and U/Pb 
ratio.< arc generally I= than 0.1% and O.S% respectively. 
The uranium decay consuants and isoc.opic composltion of 
uraniu"1i~~ are !hose reco~8'·'1"'h~Y Steiger and J5gcr 
<•?77): ;;v. :.1;,s12s x 10· Y"- : u: 9.8485 • 10-10 

yr 1; and Ur" U• l37.88. 

/37 



Brituh Co/umb,a 

IJS G«Jlogirol Sun•ey Branch 



Mini.sir,, t,{Emp/.o\'IMnl and J,wtsrm~n, 

APPENDIXC 
LOCATION OF GEOCREM.ICAL SAMPLE SIT&S, TULAM.EEN COMPLEX 

Locality' S1mple1 Euring' Northing' l.aL' Long.' 

71 3 660687 547548'1 49-24-46 120-57-05 
12 7 654042 5489416 49.32.23 120-52-15 
13 9 653121 5489297 49-32-20 120-53-01 
27 10 6S2642 S488449 49-31-53 120-53-26 
29 IIA 652323 S488317 49-31-49 120-53-42 
29 118 652323 S4811317 49-3 1-49 120-53,,,02 
30 12 651964 5488214 49-3 1-46 120-54-00 
49 19 649994 5485996 49-30-36 120-55-41 
49 20 649994 5485996 49-30-36 120-55-41 
36 22 65 11 80 5487482 49-31-23 120-54-40 
35 24 6S l434 5487767 49-31-32 120-54-27 
26 28 652178 54811467 49-31-54 120-SJ-49 
24 29A 652072 5488681 49-32-01 120-53-54 
24 298 652072 S488681 49-32-01 120-53-54 
22 30 6S2032 5488680 49-32-01 120-53-5<5 
23 32 651730 S488671 49-32-01 120-5 .. , 1 
32 33 651747 5488085 49-3 1-42 120-$4-1 1 
33 34 651929 54881m 49-3 1-40 120-S4-02 
32 35 6Sl747 5488085 49-31-42 120-54-11 
IS 36 651713 5489289 49-32-21 120-54-11 
14 37 65 1932 5489357 49.32.23 120-54-00 
18 38 65 1897 5489170 49-32-17 120-54-02 
18 39 651897 5489170 49-32-17 120-54-02 
20 40 6Sl9J I 5489048 49-32- IJ 120-54-00 
20 4 1 6519'4 1 5489048 49-32-13 120-54-00 
16 45 650731 $489 169 49-32-18 120-55-00 
41 48 6S3768 S487029 49-3 1-06 120-52-32 
]7 SI 653174 5487383 49-J l-18 120-53-01 
II 5S 650742 5489478 49-32·28 120-54-59 
21 S<5 650715 5489014 49-32-13 120-55-01 
5 .5') 6S4079 5490962 49-33-13 120-S2-11 
3 60 6S3276 5491650 49-33-36 120-52-50 

68 6S34 11 5491840 49-33-42 120-52-43 
2 (h 653192 549 1381 49-33-43 120-52-24 
4 70 655503 5491095 49-33-16 120-5 1-00 
6 71 656017 S490708 49-33-03 120-S0-35 
so 73 653364 5485658 49-30-22 120-52-54 
48 77 6SJS9'4 S486066 49-30-35 120-52-42 
43 79 654068 5486388 49-30-45 120-52,.18 
44 80 654 108 5486389 49-'.I04S 120.52-16 
45 81 653929 5486322 49-30-43 120-52-2.~ 
47 84 6S3612 5486128 49-30-37 120-52-41 
46 86 653630 5486221 49.30-40 120-52-40 
53 87 657999 5484059 49-29-26 120-49-06 
53 88 657999 548'!059 49-29-26 120-49-06 
52 90 658016 5484152 49.29.29 120-49-05 
SI 92 657175 5484715 49-29-48 120-49-46 
57 93A 656839 5480997 49-27-48 120-5().()8 
58 938 656802 S480873 49-27-44 120-SO- IO 
60 97 6Sfh02 5480906 49-27-45 120-50-05 
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56 101 655750 ~1028 49-27-50 120.51-02 
62 102A 657533 5479966 49•27-14 121).49•35 
62 1028 657533 5479966 49-27-14 121).49-35 
59 103 656678 5480962 49•27-47 120.50.16 
55 114 656157 5483697 49-29-16 120.S0.38 
54 117 658630 5483799 49.29. 17 120-48-35 
61 124 659132 548<»15 49-27•27 120-48-15 
64 125 659495 5479004 49-26-41 120-47.59 
63 126 6S94SS 5479002 49-26-41 120-48-01 
63 127 6S94SS 5479002 49-26-41 120-48-01 
67 128A 659246 5478564 49-26-27 121).48-12 
67 128C 659246 5478564 49-26-27 121).48- 12 
68 129 659068 5478466 49-26-24 12o.48-21 
69 130 658868 5478398 49·26-22 120-48-31 
65 131 657642 S478981 49-26-42 120-49-31 
66 132 658117 5478593 49-26-29 120-49-08 
70 133 659192 S478346 49-26-20 120-48-IS 
7 143 652373 5490142 49-32-48 121).53.37 
8 144 652354 5490110 49-32-47 12o.53.33 
9 l4S 652392 5490173 49-32-49 120.53-36 
10 146 652058 5489886 49-32-40 121).53·53 
19 147 652056 5489237 49.32.19 120.53.54 

20 148 651941 5489048 49-32-13 120.54-00 
42 149 650741 S488798 49-32-06 120.55-00 
40 150 651111 5487078 49.31.JO 120.54-44 
38 151 65 1206 S487266 49.3J. 16 120.54-39 
39 152 651228 5487205 49-31·14 120·54-38 
34 159 65175S S48n76 49.31 .32 120.54-11 
31 100 652328 5488163 49-31-44 l?o.53-42 
25 163 651234 5488441 49.31.54 121).54-36 
n 166 652425 5488289 49-31-48 121).53.37 
73 167 652584 S4883S5 49-31-50 120.53.29 
74 168 652623 5488387 49-31-51 llo.53-27 
75 170 6S2643 5488388 49.31.51 120.SJ-26 
76 171 652663 S488419 49.31.52 120.53-25 
77 172 652683 5488420 49-31-52 121).53-24 
78 173 652683 5488420 49.31.52 121).53·24 
79 174 652683 S488420 49-31-52 121).53-24 
80 175 652663 5488419 49-31·52 121).53·25 
81 176 652683 S488420 49-31-Sl 12o.5J.24 
82 177 652683 5488420 49-31 -52 12o.S3-24 
83 179 652702 S488451 49-31-53 12o.5J.23 
84 180 652702 54884SI 49.31 .53 120.53·23 
8S 181 652702 S4884SI 49.31.53 120.53.23 
86 182 6S2702 5488451 49-31-S3 120.SJ.23 
28 183 652644 54883S7 49-31-50 120.53-26 
21 18SA 650654 S489(),13 49-32-14 120.S5-04 
17 187 650470 5489162 49.32.18 120.5S-13 

1 S:ampte shes shown on Map.Sand Figure 9.6 
'Pn,fix GN87• 

'r,rrs 92H/10 ond 921-lfl. UTM 2.ooc 10 
'Deg.rrcs~mlnuccs-sccoods 
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SAMPLE PREPARATION AND 
MICRO BEAM TECBNIQUES 

Chromiticc specimens were initially examined in pol· 
ishcd thin section with a No.nola.b 7 scanning electron mi• 
croscope at the University or British Columbia. 
Subscqucn~y. lhe nuggets and six chromillte chips from 
three samples (ON87-J46. -147, and -148) were selected for 
qu3ntitntive analysis. and sliced o.nd mounted in coJd .. sctting 
W11lc:Utc. 1nc samples were polished on a tcmperaturc-con
uolled DOttner polisher u.<ing lead laps. wilh finol buffing 
using 0.05 m gamma alumina (LaOammc. 1990). 

Elecuon microprobe anolySC$ were done nt CANMllT 
on nJEOL733 microo..nalyzcr system. The silicate and spincl 
analyses were canicd out by energy-dispersion specuomc
lf)l ot 15 kV. wilh a beam (Faraday cup) current of 12 nA. 
and using lhc following x-my Unes (and swndanls): FcKet 
(metal or amphibole #I). Cr Ket , NiKCL and ZnKet (metals), 
AIKCL (Al2()3), SiKCL (Si(n). MnKCL (rhodochl'Oltite), TiKCL 
(Ti(n). MgKCL (MgO), KXet (orthoclasc). CnKa (wollas
tonite) and NaKa (NnNb03). NI and Zn were done by wave
length dispersion spectrometry. Counting times were of the 
order of JOO s. Analyses of all lhc POM and POE-bearing 
minerals were carried ouc by wave.length dispersion spec-

Bull~rin 93 

Min.i.stry of EmploY'"!,nt and lm·~stmmJ 

APPENDIXD 
uomelf)l at 20 kV, wilh a beam current of 20 nA. using lhe 
following x-ray lines (and standards): PtL.a and FcXCL (Ptfc 

or PIJFe), Pdl.4, RhLCL, RuLCL . lrLCL, OsMCL, CuKet, NiKCL 
and SbLCL (metals), Asla. (lnAs), and SKet (pyrite). Raw 
dn!Jl were com,cted using lhc ZAP program supplied by Tra
cor Northern and addillonal eorrecllons were performed for 
enhancementoflhefollowingprimwy x,ray linesbysccon
dwy Jines: Rul8t and PtM2 N, on RhLCLt: lrll on CuKc,; 
Rul&, nnd RhL.8t on PdLa,: and RuLCLu and Sbl..8t on 
Asla.Additional electr0n-microprobe analyses wen:: pcr
rormcd tu Qucen·s University on spincl i:ind oJivinc in 
chromiti1.cs. dunitC$ and cUnopyroxcni1es using an ARL-
SEMQ microanolyzcr filled wilh an eocrgy-dispersion spec
trometer and n Tracor Northern x-my analysis system. 
Ten-clement analyses were performed simullaneously using 
an acx:eleroling potential of 15 kV, a beam current of about 
20 nA. and counting time,; of 200 s. Material< used as stand
ards include synlhetic glass (Queen's University reference 
number S-204), chromite (S..164) and olivine (S-68). X-ray 
intensities were corrected for matrix effcccs using the JWO
ocdun,s of Bence and Albee (1968) and alpha correction 
factors of Albee ~nd RAy (1970). 

U/ 
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CLASSIFICATION OF ULTRAMAFIC ROCKS
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BULLETIN 93
Map 1

GEOLOGY OF THE LUNAR CREEK
ALASKAN-TYPE COMPLEX

NTS 94E/13,14

Geology by G.T. Nixon, J.L Hammack

Scale 1:20 000

W.P.E. Paterson and C. Nuttall

LEGEND
INTRUSIVE ROCKS

LATE TRIASSIC TO EARLY JURASSIC

Feldspar porphyry

Dark to pale grey, medium to coarse grained, predominantly hornblende
diorite or gabbro with subordinate clinopyroxene-hornblende gabbro or diorite,
minor clinopyroxene leucogabbro and hornblende-feldspar-quartz pegmatite;

     pale grey, medium grained biotite-hornblende quartz diorite/monzonite;
            well-foliated diorite or gabbro similar to unit HGD but older than units 

Undifferentiated medium to coarse grained, thickly layered hornblende
diorite or gabbro, hornblende clinopyroxenite, clinopyroxenite, hornblende-
olivine clinopyroxenite and olivine clinopyroxenite

Dark greenish grey, medium to coarse grained hornblende clinopyroxenite,
locally feldspathic
Dark to medium greenish grey, medium to coarse grained clinopyroxenite,
locally feldspathic

Dark to medium greenish grey, medium to coarse grained, olivine
clinopyroxenite with subordinate clinopyroxenite

Layered mixed units: thinly to thickly stratified, medium to coarse grained
dunite/olivine wehrlite and olivine clinopyroxenite/clinopyroxenite;

     replacement dunite/wehrlite locally crosscutting the layering

Chaotic mixed units: dark to medium greenish grey and buff weathering
mottled outcrops comprising irregular blocks and schlieren of medium 
grained dunite/olivine wehrlite and olivine clinopyroxenite/clinopyroxenite;

     dunite to wehrlite-rich domains;      clinopyroxenite-rich domains

Pale buff weathering, medium grained, weakly serpentinized dunite cut by
abundant olivine clinopyroxenite and clinopyroxenite dikes;

    contains minor chromitite schlieren;          contains minor olivine wehrlite

MIDDLE TRIASSIC TO LOWER JURASSIC
TAKLA GROUP

Middle greenischist to lowermost amphibolite grade volcanic, volcaniclastic,
and sedimentary rocks:

    dark grey to greenish grey augite and plagioclase-phyric actinolitic
schists, and amphibole-biotite wacke or tuff;

    dark grey to black well-foliated amphibolite

DEVONIAN TO LOWER PERMIAN
ASITKA GROUP (Basement of Stikine Terrane)

Greenschist grade volcanic, volcaniclastic, and sedimentary rocks; brownish
grey weathering, thinly bedded sandy limestone, medium grey chert, dark
grey-green quartz-actionlite schist, hornblende-plagioclase porphyry, actinolitic 
and saussuritized lithic wacke and/or feldspathic tuff

Fp

HM

HGD

Um

HPx

CPx

OPx

ImU

cmU

Du

DPA

TTJ

TaTJ

TbTJ

Dua: Dub:

ImUa:

cmUa: cmUb:

HGDa
HGDb
HGD

Hornblende monzodiorite-foilated

HGDa

 Geological boundary (defined or approximate, inferred or assumed)..............................

Magmatic layering................................................................................................................................

Schistosity or foliation attitude (inclined, vertical)......................................................................

Dike attitude (inclined, vertical)................................................................................................

Fp-feldspar porphyry; Md-hornblende microdiorite; Qf-quartz-feldspar leucogranite;

Chromitite localities.........................................................................................................................................

SYMBOLS

Limit of extensive outcrop................................................................................................

Dike: We-wehrlite; Cp-clinopyroxenite; Mz-hornblende-biotite monzonite/monzodiorite:

High-angle fault or shear zone (defined or approximate, inferred or assumed)............. 

Bedding attitude (tops unknown, inclined, vertical)....................................................................

Mineral lineation......................................................................................................................................

Lm-leuco-monzodiorite; Lg-leucodiorite/leucogabbro
(Qf, Lm and Lg may be differentiates of the gabbroic rocks; Mz is

probably related to HBM; and Fp and Md are of dubious affinity)
Strike and dip of quartz vein..................................................................................................................

Geochemical assay site (see report for details)........................................................................................
Field station.....................................................................................................................................................

Contours (every 20m)...............................................................................................................

and

LUNAR CREEK COMPLEX
MID-TRIASSIC 

STIKINE SUITE(?) GRANITOID

GUICHON SUITE GRANITOIDS

STRATIFIED ROCKS

U-Pb isotopic date (zircon) ± 2   error............................................................................................. 237±2Ma

Hornblende-biotite quartz monzonite, monzonite and monzodioriteHBM

Note: The geology was mapped and fitted to a 1:50 000 NTS (NAD 27) digitized topographic base.
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CLASSIFICATION OF ULTRAMAFIC ROCKS
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CPXOPX
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HD
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OPx
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Du
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HPx

HPxDu

Du

Du

Du

Du

QM

HD
QM

QM

HPxDu

QM

uCPx

QM

QM

QM

QM

B EAP

TTJ

HPx

HD

Geological boundary (defined or approximate, inferred or assumed)...................................................
Geological boundary inferred from aeromagnetic data..............................................................................

High-angle fault or shear zone (defined or approximate, inferred or assumed)..........................................

Magmatic layering........................................................................................................................................................
Schistosity or foliation attitude (inclined, vertical)............................................................................................
Dike attitude (Di, diorite, quartz diorite, monzonite and quartz monzonite;

(inclined, vertical)..........................................................................................................................................

Chromitite schlieren (inclined, vertical)...........................................................................................................
Geochemical sample site (see report for details)............................................................................................................
Chromitite geochemical sample site (see report for details)............................................................................................
Other chromitite localities.....................................................................................................................................................
Outcrop.........................................................................................................................................................................
Contours (every 20m).....................................................................................................................................

Bedding attitude (tops unknown, inclined, vertical)...........................................................................................

 We, wehrlite; Du, dunite; Hb, hornblende-feldspar pegmatite)

SYMBOLS

Geological Survey Branch

BULLETIN 93
Map 2

GEOLOGY OF THE WREDE CREEK
ALASKAN-TYPE COMPLEX

NTS 94D/9

Geology by J.L. Hammack, G.T. Nixon

Scale 1:20 000

R.H. Wong, W.P.E. Paterson, and C. Nuttall

LEGEND
INTRUSIVE ROCKS

MIDDLE JURASSIC
Hornblende-bearing quartz monzonite/monzonite/quartz diorite/diorite:
buff-white weathering, white to pale grey, medium grained, equigranular;
includes rare plagioclase porphyry

LATE TRIASSIC (?)
Hornblende diorite or gabbro/clinopyroxene-hornblende diorite or gabbro (10-40% 
plagioclase; 50-90% hornblende; 0-30% clinopyroxene) and hornblendite/
clinopyroxene hornblendite (0-10% plagioclase; 50-100% hornblende; 0-50% 
clinopyroxene); pale grey to black weathering, fine to coarse grained

Hornblende clinopyroxenite (50-90% clinopyroxene; 10-50% hornblende): 
medium brown weathering, coarse grained

Undifferentiated clinopyroxenite includes hornblende clinopyroxenite (50-90%
clinopyroxene; 10-50% hornblende)/clinopyroxenite (90-100% clinopyroxene)/
olivine clinopyroxenite (60-90% clinopyroxene; 10-40% olivine)/olivine-hornblende
clinopyroxenite (50-90% clinopyroxene; 10-50% hornblende; 5-15% olivine):
dark to medium grey-green weathering, medium to coarse grained

Olivine clinopyroxenite (10-40% olivine; 60-90% clinopyroxene): medium to pale
grey-green weathering, medium to coarse grained

Wehrlite (40-65% olivine; 35-60% clinopyroxene): dark to medium brown
weathering, predominantly medium grained or medium to coarse grained

Dunite (90-100% olivine; 0-10% clinopyroxene): pale buff-orange weathering,
dark grey to black, fine to medium grained

MIDDLE TRIASSIC TO LOWER JURASSIC
TAKLA GROUP

Brown to dark grey weathering, medium grey-green and dark grey augite
and augite-plagioclase crystal tuffs, flows and volcanic breccia

UPPER PALEOZOIC (Mississippian-Permian)
LAY RANGE ASSEMBLAGE (HARPER RANCH SUBTERRANE)

Phyllite, phyllitic quartzite, chlorite schist, chert, lithic tuff, volcanic breccia
and minor pillow basalt

UPPER PROTEROZOIC TO PALEOZOIC
EAGLE BAY ASSEMBLAGE (KOOTENAY TERRANE)

Metamorphosed mafic to intermediate volcanic rocks, chlorite schist and 

QM

HD

HPx

uCPx

OPx

We

Du

MP

P limestone

STRATIFIED ROCKS

TTJ

LA

EAB

WREDE CREEK COMPLEX

Note: The geology was mapped and fitted to a 1:50 000 NTS (NAD 27) digitized topographic base.
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*Geology east of Polaris taken from Ferri, F., Dudka, S., Rees, C. and Meldrum, D. (1993):

 (defined or approximate, inferred or assumed)..........................................................................................

(defined or approximate, inferred or assumed).........................................................................................

Magmatic layering (inclined, vertical)...............................................................................................................
Schistosity or foliation attitude (inclined, vertical)...........................................................................................
Chromitite schlieren (inclined, vertical)...........................................................................................................

Geochemical assay site (see report for details).................................................................................................................
Chromitite geochemical assay site (see report for details)................................................................................................
Other chromitite localities.....................................................................................................................................................

Contours (every 20m)....................................................................................................................................

SYMBOLS

Limit of extensive outcrop...................................................................................................................

Andalusite locality................................................................................................................................................................

U-Pb isotopic date (zircon)................................................................................................................................... 186±2Ma

Field station..........................................................................................................................................................................

High-angle fault or shear zone 

Geological boundary 

Reverse fault (defined or approximate, inferred or assumed)...........................................................

Normal fault (defined or approximate, ticks on downthrown side)..............................................................

Bedding attitude (facing unknown: inclined, vertical; facing known: inclined).........................................
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CLASSIFICATION OF ULTRAMAFIC ROCKS

Preliminary Geology of the Aiken Lake and Osilinka River Areas, British Columbia 
(NTS 94C/2,3,5,6 and 12); Ministry of Energy, Mines and Petroleum Resources, Open File 1993-2
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Map 3

GEOLOGY OF THE POLARIS
ALASKAN-TYPE COMPLEX

NTS 94C/5

Geology by G.T. Nixon, J.L. Hammack, C.H. Ash

Scale 1:20 000

J.N. Connelly, G. Case, W.P.E. Paterson and C. Nuttall*

LEGEND

POLARIS COMPLEX
EARLY JURASSIC

Felsic intrusions: syenite/leucomonzonite, pale grey to cream weathering; many
thin, medium grained to locally pegmatitic dikes (not shown) in western part of
complex

Hornblende-bearing diorite or gabbro, equigranular to locally mylonitic, dark to
medium grey weathering, fine to medium grained, rare local layering, includes
minor clinopyroxene-hornblende diorite or gabbro and feldspathic hornblendite

Hornblende clinopyroxenite (90-50% clinopyroxene; 50-10% hornblende) 
clinopyroxene hornblendite (90-50% hornblende; 50-10% clinopyroxene) and
minor hornblende-olivine clinopyroxenite, hornblendite and feldspathic hornblendite:
dark to medium grey-green or black weathering, medium to coarse grained

Chaotic mixed olivine wehrlite-wehrlite-minor dunite and olivine clinopyroxenite-
clinopyroxenite: mottled brown and pale grey-green weathering, medium to
coarse grained

Olivine clinopyroxenite (40-10% olivine; 90-60% clinopyroxene) to clinopyroxenite
(10-0% olivine; 100-90% clinopyroxene): medium to pale grey-green weathering,
medium to coarse grained, locally pegmatitic

Undifferentiated olivine wehrlite to wehrlite: dark to medium brown weathering,
medium to coarse grained, rare clinopyroxene megacrysts

Wehrlite (65-40% olivine; 60-35% clinopyroxene) with minor olivine clinopyroxenite:
dark to medium brown weathering, medium to coarse grained, rare pegmatitic 
clinopyroxene

Olivine wehrlite (90-65% olivine; 35-10% clinopyroxene): dark to medium brown
weathering, generally medium grained

Dunite (100-90% olivine; 10-0% clinopyroxene): pale buff weathering, generally
medium grained

STRATIFIED ROCKS
UPPER PALEOZOIC 

Metasedimentary and metavolanic rocks including flows, tuffs and subvolcanic
intrusions (augite and/or plagioclase-phyric and hornblende-phyric),laminated
to thickly bedded, tuffaceous siltstone and sandstone, phyllite, shale and 
mudstone, minor impure limestone, chert and conglomerate; predominantly dark
grey to green weathering, generally fine grained, locally graded and cross bedded

Shale, mudstone, siltstone, sandstone, wacke, chert, conglomerate and minor
limestone and felsic tuff; predominantly black to dark grey; thinly bedded and 
wavy bedded

Fs

HD

HPx

cmU

OPx

uWe

We

OWe

Du

LA

Undifferentiated Cambrian to Devonian rocks of the Atan, Razor Back,
Echo Lake and Otter Lakes Groups, includes limestone and dolostone, shale,
siltstone, sandstone, impure quartzite, phyllite and minor schist

Ingenika Group
Limestone, sandstone, quartzite, siltdstone, slate, phyllite and schist

UPPER PROTEROZOIC

part includes minor sills of gabbro/diorite and clinopyroxenite
aureole, locally includes amphibolite and mica and andalusite schist; protolith in
Lay Range Assemblage; Hfs, strongly foliated rocks in the basal metamorphic 
Contact Metamorphic Aureole: Hf, Hornfelsed volcanic and sedimentary rocks of the Hf

DMBC

CDu

Hfs

 BIu

MP

Big Creek Group (Upper Devonian to Lower Mississippian)

Lay Range Assemblage (Mississippian to Permian)

Note: The geology was mapped and fitted to a 1:50 000 NTS (NAD 27) digitized topographic base.
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GEOLOGY OF THE
NORTHWESTERN PART OF THE

NTS 94C/5
Geology by G.T. Nixon, J.L. Hammack, C.H. Ash

Scale 1:10 000

J.N. Connelly, G. Case, W.P.E. Paterson and C. Nuttall
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JURASSIC (?)

Hornblende diorite: grey-brown weathering, medium grained, locally epidotized

EARLY JURASSIC
Hornblende-bearing diorite or gabbro, equigranular to locally mylonitic, dark to
medium grey weathering, fine to medium grained, rare local layering, includes
minor clinopyroxene-hornblende diorite or gabbro and feldspathic hornblendite

Hornblende clinopyroxenite (90-50% clinopyroxene; 50-10% hornblende) 
clinopyroxene hornblendite (90-50% hornblende; 50-10% clinopyroxene) and
minor hornblende-olivine clinopyroxenite, hornblendite and feldspathic hornblendite:
dark to medium grey-green or black weathering, medium to coarse grained

Chaotic mixed olivine wehrlite-wehrlite-minor dunite and olivine clinopyroxenite-
clinopyroxenite: mottled brown and pale grey-green weathering, medium to
coarse grained

Olivine clinopyroxenite (40-10% olivine; 90-60% clinopyroxene) to clinopyroxenite
(10-0% olivine; 100-90% clinopyroxene): medium to pale grey-green weathering,
medium to coarse grained, locally pegmatitic

Undifferentiated olivine wehrlite to wehrlite: dark to medium brown weathering,
medium to coarse grained, rare clinopyroxene megacrysts

Wehrlite (65-40% olivine; 60-35% clinopyroxene) with minor olivine clinopyroxenite:
dark to medium brown weathering, medium to coarse grained, rare pegmatitic 
clinopyroxene

Olivine wehrlite (90-65% olivine; 35-10% clinopyroxene): dark to medium brown
weathering, generally medium grained

Dunite (100-90% olivine; 10-0% clinopyroxene): pale buff weathering, generally
medium grained

STRATIFIED ROCKS
UPPER PALEOZOIC 

Metasedimentary and metavolanic rocks including flows, tuffs and subvolcanic
intrusions (augite and/or plagioclase-phyric and hornblende-phyric),laminated
to thickly bedded, tuffaceous siltstone and sandstone, phyllite, shale and 
mudstone, minor impure limestone, chert and conglomerate; predominantly dark
grey to green weathering, generally fine grained, locally graded and cross bedded
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GEOLOGY OF THE TULAMEEN
ALASKAN-TYPE COMPLEX

NTS 92H/7, 10

Geology by D.C. Findlay (1963)* as modified by G.T. Nixon

Scale 1:20 000
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TERTIARY (Eocene)
Granodiorite (unfoliated)

LATE JURASSIC TO MID-CRETACEOUS
Eagle Plutonic Complex: granodiorite (foliated)

Mafic pegmatite (locally feldspathic)

'Syenodiorite' (monzonite-monzodiorite), variably saussuritized

Gabbro-'syenograbbo'(monzogabbro-monzodiorite), variably

Undifferentiated mafic-ultramafic rocks (gabbro or diorite/
hornblende clinopyroxenite/hornblendite)
Hornblende clinopyroxenite (includes minor hornblendite,
clinopyroxenite, mafic pegmatite and magnetite schlieren)
Hornblende-olivine clinopyroxenite

Olivine clinopyroxenite (includes minor olivine wehrlite/wehrlite

Dunite (variably serpentinized; includes minor olivine wehrlite/

STRATIFIED ROCKS
TERTIARY (Eocene)

PRINCETON GROUP
Shales,arkosic sandstones and conglomerates, coal seams and
seat earths, laharic breccias, rhyolitic to basaltic lava flows

UPPER TRIASSIC
NICOLA GROUP

Metasedimentary and metavolcanic rocks

MYLONITIC ROCKS
Undifferentiated ductily deformed Nicola and ultramafic-mafic rocks
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  (defined or approximate, inferred or assumed).....................................
Unconformity (inferred)............................................................................

Foliation strike and dip (inclined, vertical)...................................................................

Mineral lamination strike and dip (inclined, vertical).....................................................
Mineral lineation (plunge indicated)....................................................................................
Dike strike and dip (<2m width, >2m width).........................................................

Magnetite prospect.......................................................................................................................

SYMBOLS

  axial plane, folded chromitite schlieren....................................................

Dikes and minor intrusions: M=mafic; F=felsic; H=intermediate,

Sulphide occurrence.....................................................................................................................

High-angle fault (defined or approximate, inferred)................................

Minor fold attitude (plunge of axis, dip of axial plane, vertical

Chromite schlieren strike and dip (inclined, vertical)...................................................

Bedding strike and dip (inclined: tops unknown, tops known).....................................

 Geological boundary 

Contours (every 100 feet)........................................................................................

Geochemical assay site (see report for details).........................................................................

*Findlay, D.C. (1963): Petrology of the Tulameen Ultramafic Complex, Yale District, 
British Columbia, Unpublished Ph. D. Thesis, Queen's University, Kingston, Ontario.
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Chromitite/chromitiferous dunite assay site (see report for details)..............................................

LATE TRIASSIC
TULAMEEN COMPLEX

Egd

hornblende-phyric; Cp=clinopyroxenite
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Note: The geology was mapped and fitted to a 1:50 000 NTS (NAD 27) digitized topographic base.
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