
Mag matic Evo lu tion, Min er al iza tion and Al ter ation of the Red Chris Cop per-Gold
Por phyry De posit, North west ern Brit ish Co lum bia (NTS 104H/12W)

J.R. Norris, Mineral Deposit Research Unit, University of British Columbia, Vancouver, BC, jnorris@eos.ubc.ca

C.J.R. Hart, Mineral Deposit Research Unit, University of British Columbia, Vancouver, BC

R.M. Tosdal, Mineral Deposit Research Unit, University of British Columbia, Vancouver, BC

C. Rees, Imperial Metals Corporation, Vancouver, BC

Norris, J.R., Hart, C.J.R., Tosdal, R.M. and Rees, C. (2011): Mag matic evo lu tion, min er al iza tion and al ter ation of the Red Chris cop per-
gold por phyry de posit, north west ern Brit ish Co lum bia (NTS 104H/12W); in Geoscience BC Sum mary of Ac tiv i ties 2010, Geoscience
BC, Re port 2011-1, p. 33–44.

Introduction

The Red Chris por phyry Cu-Au de posit in Brit ish Co lum -
bia has geo log i cal fea tures that are typ i cal of both alkalic
and calcalkalic por phyry de posit types. Quartz-vein
stockworks, typ i cally ab sent in most alkalic por phy ries,
char ac ter ize the best min er al ized zones at Red Chris. In -
tense late-stage clay al ter ation, such as illite and kaolinite,
is pres ent at Red Chris. Per haps the most cu ri ous fea ture is
the wide spread and in tense late car bon ate al ter ation (Baker
et al., 1999), which is not a com mon fea ture of por phyry Cu
sys tems (Seedorff et al., 2005). None the less, Red Chris is
hosted in monzonitic rocks, has char ac ter is tic he ma tite al -
ter ation, and has the high Au grades typ i cal of BC alkalic
por phyry de pos its (New ell and Peatfield, 1995; Baker et
al., 1999; Holliday and Cooke, 2007).

The Red Chris de posit is in north west ern BC (Fig ure 1), ap -
prox i mately 80 km south of the town of Dease Lake and
12 km east of the Stew art-Cassiar High way (High way 37).
It is ac cessed by a 23 km gravel road. The de posit is sit u ated 
at lat i tude 57°42'N and lon gi tude 129°47'W, in NTS area
104H/12W. The rock units, min er al iza tion, as so ci ated
veins and al ter ation at Red Chris were pre vi ously de scribed 
by Schink (1977), Ash et al. (1995), Blanchflower (1995)
and Baker et al. (1999).

The prop erty has been ex plored in ter mit tently by sev eral
com pa nies since the mid-1950s, with a hi a tus be tween
1981 and 1994 when more fo cused drill pro jects dom i nated 
(New ell and Peatfield, 1995). Ex plo ra tion drill ing cam -
paigns con tin ued un til 2005 and re sulted in a cal cu lated
open-pit re serve by bcMetals Cor po ra tion. This re serve
(proven and prob a ble) has been re cently up dated to

301.5 mil lion tonnes grad ing 0.359% Cu and 0.274 g/t Au
(Im pe rial Met als Cor po ra tion, 2010). Fol low ing a take over 
by Im pe rial Met als Cor po ra tion in Feb ru ary 2007, drill ing
be tween 2007 and 2009 tar geted deeper min er al iza tion in
the ‘East zone’ and ‘Main zone’, re sult ing in new di men -
sions to the po ten tial shape, depth, size and grade of the Red 
Chris de posit. The most no ta ble re sults came from the East
zone: 1) RC07-335 in ter sected 1024.1 m of 1.01% Cu,
1.26 g/t Au and 3.92 g/t Ag over the en tire length of the hole 
(Im pe rial Met als Cor po ra tion, 2007), and 2) RC09-350 in -
ter sected 152 m of 4.12% Cu, 8.83 g/t Au and 10.46 g/t Ag
at a depth of 504 m (Gillstrom and Rob ert son, 2010). More
im por tantly, these deep drillholes dem on strated ver ti cal
con ti nu ity at Red Chris and had sig nif i cant im pli ca tions for
fur ther ex plo ra tion and mine plan ning. An up dated re -
source es ti mate of 619 mil lion tonnes (mea sured and in di -
cated) at 0.38% Cu and 0.36 g/t Au (at 0.1% Cu-equiv a lent
cut-off, with in ferred re sources of more than 619 mil lion
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Fig ure 1. Ma jor tec tonic ter ranes and as so ci ated Me so zoic por -
phyry de pos its of the Ca na dian cor dil lera in Brit ish Co lum bia.
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tonnes at 0.30% Cu and 0.32 g/t Au) was re leased in May
2010 (Gillstrom and Rob ert son, 2010). On a broader scale,
re sults from these deep drillholes in di cate sig nif i cant po -
ten tial for high Au and Cu grades in BC’s alkalic por phyry
sys tems. Giroux and Bellamy (2004) re ported in ferred re -
sources at the Far West and Gully zones con tain ing 76.8
mil lion tonnes of 0.17 % Cu and 0.33 g/t Au (at 0.1 % Cu-
equiv a lent cut-off) and 230.3 mil lion tonnes of 0.22 % Cu and
0.20 g/t Au (at 0.1 % Cu-equiv a lent cut-off), re spec tively.

Re sults from the 2007 drill ing pro gram en cour aged a joint
re search pro ject be tween the Min eral De posit Re search
Unit at the Uni ver sity of Brit ish Co lum bia, Im pe rial Met als
Cor po ra tion and Geoscience BC. Ob ser va tions and re sults
pre sented herein are from in ves ti ga tions of the sec ond field
sea son at the Red Chris de posit in the sum mer of 2010,
when 11 833 m of di a mond-drill core were logged. Re sults
pre sented here build upon observations of Norris et al.
(2010).

This pa per fo cuses on in creas ing the un der stand ing of the
mag matic evo lu tion, min er al iza tion styles and al ter ation of
the de posit, with par tic u lar em pha sis on the deeper parts of
the East zone. Spe cif i cally, the em pha sis is along a 500 m

long sec tion trending N50°E, where the na ture of the in tru -
sive rocks, min er al iza tion, veins and al ter ation were in ves -
ti gated in eight di a mond-drill holes in 2010. Ad di tion ally, a 
di a mond-drill hole stud ied in 2009 (RC07-335) lies on this
sec tion (Norris et al., 2010). Sam ples were taken roughly
ev ery 50 m as 10–15 cm slabs of pre vi ously cut drillcore,
for a total of 324 samples along the N50E section.

Tectonic Setting

Much of BC is un der lain by sev eral tec tonic blocks that
were accreted to the grow ing mar gin of west ern North
Amer ica dur ing the Me so zoic. Three of these accreted ter -
ranes, the Quesnel terrane (or Quesnellia), the Stikine
terrane (or Stikinia) and the Cache Creek terrane form most
of the Intermontane Belt that un der lies much of cen tral BC
(Mon ger and Price, 2002). Stikinia and Quesnellia are
dom i nated by Late Tri as sic to Early Ju ras sic is land-arc ter -
ranes that host most of BC’s por phyry de pos its and are sep -
a rated from each other by the in ter ven ing Cache Creek
terrane (McMillan et al., 1995; Fig ure 1). These dom i -
nantly Late Tri as sic vol ca nic is land-arc ter ranes, which
have sim i lar com po si tions and stra tig ra phy, formed out -
board from the west ern North Amer i can con ti nen tal mar gin 
and were sub se quently accreted to the mar gin dur ing the
Early Ju ras sic (Mon ger and Price, 2002). Por phyry Cu de -
pos its within Quesnellia and Stikinia formed largely in the
lat est Tri as sic prior to ac cre tion, but some de pos its con tin -
ued to form into the Mid dle Ju ras sic (e.g., Mount Milligan;
McMillan et al., 1995). The Late Tri as sic to Early Ju ras sic
Red Chris por phyry de posit is hosted in the Late Tri as sic to

Early Jurassic arc and arc-marginal sedimentary rocks in
the northern portion of Stikinia.

Regional Geology

There are three main geo log i cal pack ages in the Red Chris
area: the late Tri as sic Stuhini Group, the late Tri as sic Red
stock and the Mid dle Ju ras sic Bow ser Lake Group
(Figure 2). The Stuhini Group (LTrS) con sists of Late Tri -
as sic vol ca nic and vol ca ni cally de rived sed i men tary rocks
that form part of Stikinia. These arc-vol ca nic rocks
(LTrSb) are dom i nated by augite-phyric ba saltic pil lowed
flows and flow brec cias to ba saltic an de site (Ash et al.,
1995). The vol ca nic rocks are in ter ca lated with fine-
grained mafic-de rived volcaniclastic siltstone, si li ceous
siltstone and feldspathic sand stone (LTrSss), on the or der
of metres to tens of metres in apparent thickness.

Plutonic rocks of the Late Tri as sic Red stock (LTrEJmd)
in truded the Stuhini Group and form an east-north east-
trending, 4.5 by 1.5 km body (Ash et al., 1995; Ferreira,
2009). The stock con sists of me dium- to coarse-grained
hornblende-plagioclase–por phy ritic monzodiorite (Ash et
al., 1995). A monzonite sam ple taken at a depth of ~105 m
in drillhole RC95-224 gave a U-Pb zir con crys tal li za tion
age of 203.8 ±1.3 Ma (Freidman and Ash, 1997). The South 
Bound ary fault trun cates the Red stock at its south ern mar -
gin and jux ta poses the plutonic rocks against the Bowser
Lake Group.

Sed i men tary rocks of the Mid dle Ju ras sic Bow ser Lake
Group (MJB) out crop south of the South Bound ary fault.
These ma rine clastic sed i men tary rocks, be long ing to the
Ashman For ma tion, were de pos ited un con form ably on top
of the Late Tri as sic vol ca nic and plutonic rocks. The sed i -
men tary rocks rep re sent the basal unit of the Bow ser Lake
Group and are com posed of siltstone, chert-peb ble con -
glom er ate and sand stone (Evenchick and Thorkelson,
1993).

Deposit Geology

The Red Chris de posit con sists of sev eral min er al ized
zones: the Main, East, Far West and Gully zones (Fig ure 2).
Cur rently only the Main and East zones host mea sured and
indicated re sources. The Main zone has a larger ar eal ex tent 
than the East zone, and their cen tres are ~600 m apart. Both
Main and East zones are ver ti cal to subvertical, ap par ent
pipe-like orebodies that are bounded to the south by the
gen eral east-north east erly-trending faults in the re gion
(Col lins et al., 2004).

The high-grade min er al ized zones are hosted en tirely with -
in the Red stock, a plagioclase-hornblende–por phy ritic
monzodiorite that prob a bly con sists of mul ti ple in tru sive
phases. The stock is cut by sev eral late-stage fel sic dikes.
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5 Fig ure 2. Re gional-scale ge ol ogy of the Red Chris de posit, north west ern Brit ish Co lum bia (from Im pe rial Met als Cor po ra tion). The planned open-pit out line is high lighted in white.



The drillholes logged dur ing this study are high lighted in
yel low on the drillhole plan (Figure 3).

Rock Units

Intrusive Rocks

His tor i cally, the com pos ite Red stock in the East zone (see
Schink, 1977) was con sid ered to com prise main and late in -
tru sive phases, both of which are cut by postmineral dikes.
How ever, this study has ob served that there is no dis cern -
ible tex tural dif fer ence be tween the main phase and late
phase of Schink (1977). Only a few cross cut ting re la tion -
ships be tween in tru sive phases are pre served. Most of these 
con tacts ap pear to have been re ac ti vated by later faults and
are in tensely car bon ate ce mented. There are ap par ent
changes in size and den sity of plagioclase and hornblende
pheno crysts in ad di tion to mi nor tex tural changes in the
groundmass; how ever, these changes do not distinguish
separate intrusive phases.

The Red stock in tru sive suite is monzonite to monzodiorite
in com po si tion (Ash et al., 1995). How ever, it is un cer tain if 
the K-feld spar in the groundmass is pri mary or of sec ond -

ary or i gin due to ex ten sive al ter ation. Through out this pa -
per, the Red stock will be re ferred to as a monzodiorite.

The Red stock is me dium grey with pheno crysts of
plagioclase and hornblende in a very fine grained ground -
mass (Fig ure 4a). The groundmass typ i cally ac counts for
40% of the rock and con sists of anhedral microcrystalline
K-feld spar and mi nor quartz (Schink, 1977). The feld spar
pheno crysts are gen er ally buff-white, 2–4 mm euhedral to
subhedral crys tals (Fig ure 4b–d). Hornblende pheno crysts
are al tered to sec ond ary bi o tite and seri cite, mak ing the pri -
mary tex ture dif fi cult to as cer tain, but are typ i cally
euhedral, 2–10 mm crys tals with dis tinct crys tal bound aries 
(Fig ure 4b–d). The pheno crysts are ran domly ori ented
within the grey apha ni tic groundmass (Schink, 1977). Es ti -
mated vi su ally, phenocryst abun dance typ i cally var ies be -
tween 15 and 30%, but can be as low as 5% and as high as
45% (Figure 4a–d).

Stuhini Group Volcanic Rocks and Associated
Sedimentary Rocks

The Stuhini Group vol ca nic and re lated sed i men tary rocks
oc cur as septa within the Red Stock, as well as the ex ter nal
host rocks. They are typ i cally me dium to dark green, as
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Fig ure 3. Lo ca tion of N50E cross-sec tion (±85 m) across the East zone of the Red Chris de posit, north west ern Brit ish Co lum bia. Drillholes
ex am ined in 2010 and the N50E cross-sec tion are in yel low; drillholes ex am ined in 2009 and sec tion 452700E (dis cussed in Norris et al,
2010) are in or ange. Ge ol ogy and pro jected pit out line as per Fig ure 2.



well as dark brown and lo cally pale or ange near zones of K-
sil i cate al ter ation. The vol ca nic rocks are fine grained with
lo cal clasts up to 3 mm in di am e ter, abun dant <1 mm
microfractures filled with dark black min er als (prob a bly
chlorite) and lo cally py rite and chal co py rite. Sparse car -
bon ate and quartz veins cut the Stuhini Group rocks. This
unit oc curs as iso lated, 0.3–30 m thick ‘rafts’ within the
Red stock monzodiorite, be low 500 m depth on the flanks
of the East zone.

Postmineral Dikes

Two types of 1–20 m wide (mea sured in drillcore), diorite
to monzodiorite dikes in trude the Red stock. The amyg da -
loid al monzodiorite and bi o tite diorite dikes make up <2%
of the stock, are not min er al ized and are cut by mi nor, late,
buff-white car bon ate veins. The amyg da loid al monzo dior -
ite dikes are beige to lo cally light green and very fine
grained, with car bon ate>quartz amygdules 2–10 mm in
size. Euhedral hornblende pheno crysts (<3%), up to 4 mm
long, are al tered to clay and/or chlorite. The bi o tite diorite
dikes are light to me dium green and very fine grained, with
up to 10% hornblende and/or bi o tite pheno crysts, up to

5 mm long, that are lo cally al tered to clay and/or chlorite.
These dikes oc cur through out the Red stock, yet are mostly
lo cated be tween 400 and 800 m in depth.

Alteration

Al ter ation in the East zone along sec tion line N50E is dom i -
nantly potassic (herein called K-sil i cate al ter ation) and is
over printed by clay al ter ation (Fig ure 5). These rocks were
pre vi ously rec og nized as host ing seri cite al ter ation. ‘Seri -
cite’ is a field term widely used to de scribe al ter ation to
fine-grained hy drous white mica min er als and may in clude
mus co vite, pyrophyllite, paragonite, phlogopite and oc ca -
sion ally illitic mica and interlayered dis or dered micas with
other sheet-struc tured min er als such as mont mo ril lo nite,
chlorite and ver mic u lite (Meyer and Hemley, 1967). Re -
sults of shortwave-in fra red spec tros copy, us ing the An a lyt -
i cal Spec tral De vices (ASD) TerraSpec™ an a lyzer, on
sam ples from the 2009 field sea son iden ti fied the dom i nant
‘sericitic’ zone clay al ter ation min er als as illite and lesser
kaolinite. Mi nor chlorite and mod er ate per va sive car bon -
ate, as an ker ite-do lo mite, are as so ci ated with the illite-
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Fig ure 4. Ex am ples of the Red stock taken from di a mond-drill holes on the Red Chris de posit, north west ern Brit ish Co lum bia, il lus trat ing
the vari abil ity in phenocryst size and abun dance (re pro duced from Norris et al., 2010): a) 10% plagioclase (Plag), up to 2 mm in length, and
mafic min er als al tered to he ma tite, drillhole RC79-003 (51.52 m); b) 15% plagioclase, up to 4 mm in length, al tered to illite-kaolinite and
10% hornblende (Hbl), up to 1 cm in length and al tered to illite-kaolinite, drillhole RC106-038 (405.51 m); c) 25% plagioclase, up to 4 mm in
length, and 5% hornblende, up to 7 mm in length, drillhole RC335-036 (461.90 m). d) 10% plagioclase, up to 3 mm in length, and 15%
hornblende, up to 5 mm in length, drillhole RC224-006 (124.48 m). Drillhole lo ca tions are shown on Fig ure 3.
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kaolinite clay al ter ation. Through out this paper, the
‘sericite’ alteration overprint will be referred to as illite-
kaolinite.

The K-sil i cate–dom i nant al ter ation zone has a broadly
arch ing ge om e try, deep est in the wes tern most por tion of
the sec tion (~1000 m depth) and shal low est in the east ern -
most (~600 m depth). The shal lower por tions of K-sil i cate
al ter ation are over printed by illite-kaolinite al ter ation,
mak ing it dif fi cult to de ter mine the orig i nal ex tent of the K-
sil i cate zone. A tran si tional zone of weak, re sid ual K-sil i -
cate al ter ation with a mod er ate to strong illite-kaolinite
over print oc curs di rectly above the in tense K-sil i cate zone
and be low a zone of in tense illite-kaolinite al ter ation. The
up per con tact of the tran si tional zone is ir reg u lar, varying in 
depth between 200 and 400 m (Figure 5).

The K-sil i cate al ter ation zone is char ac ter ized by sec ond -
ary bi o tite, mag ne tite and tex tur ally de struc tive K-feld spar
that re placed the groundmass and pri mary plagioclase feld -
spar pheno crysts (Fig ure 6a, b). Baker et al. (1999) noted
that the por phy ritic ig ne ous tex ture may be com pletely de -
stroyed by fine-grained orthoclase and albitic feld spar
(Ab80–94; Schink, 1977). Pri mary mafic min er als were re -
placed by sec ond ary bi o tite and mag ne tite, and lo cally by
later chlorite (Fig ure 6c); lo ca tions in which they dom i nate
are mapped along sec tion line N50E (heavy dashed lines in
Fig ure 5). In tense sec ond ary bi o tite and chlorite oc cur be -
low a depth of 950 m in the east ern por tion of the sec tion
and at 600 m in the west ern por tion, cre at ing a sharp bound -
ary be tween holes RC09-349 and RC09-350. A lo cal ized
zone of mod er ate sec ond ary bi o tite and chlorite al ter ation,
oc cur ring in holes RC07-335 and RC09-348 at depths of
400 and 450 m, re spec tively, is con tin u ous to the west
through holes RC09-352 and RC09-351 at a depth of 800
m. Chlorite is pres ent in mi nor amounts within the mafic
sites above the strong and moderate alteration zones and
extending to the surface.

Anhydrite veins are part of the min eral as so ci a tion that de -
fines the K-sil i cate al ter ation zone. Gen er ally oc cur ring be -
low 1000 m in depth, anhydrite oc curs as me dium pur ple to
lav en der veins where the monzodiorite is vis i bly K-sil i cate
al tered. In ar eas of weak to mod er ate illite-kaolinite over -
print ing, the anhydrite is pale pink to peach. Anhydrite is
ab sent in zones of in tense illite-kaolinite al ter ation, per -
haps no lon ger vis i ble due to ex ploi ta tion by later quartz
veins. Mod er ate anhydrite vein ing oc curs deep est in the
cen tre of the East zone (depth of 1100 m in drillholes RC09-

345, RC09-348, RC09-349 and RC09-354) and shal low est
on the flanks of the zone (800 m depth in RC09-350, RC09-
351 and RC09-354). Trace epidote is as so ci ated with
anhydrite veins and also within mafic sites of the fresh est
look ing monzodiorite, be low a depth of 1100 m on the
flanks of the East zone. Epidote is not ob served in the cen tre 
of the East zone, in drillhole RC09-345. The oc cur rence of
epidote may in di cate that zones of propylitic alteration
flank the K-silicate core of the East zone.

In the illite-kaolinite zone, illite and kaolinite per va sively
al ter both plagioclase and K-feld spars, hornblende pheno -
crysts and sec ond ary bi o tite of both the pri mary and K-sil i -
cate–al tered monzodiorite to buff-white, pale or ange (an -
ker ite-do lo mite) and lo cally pale green (illite; Fig ure 6d, e). 
Through out the illite-kaolinite zone, per va sive but mi nor
he ma tite oc cu pies the mafic sites and has both sharp and
dif fuse crys tal bound aries. The he ma tite is very fine
grained and dark grey to ma roon. Py rite within the illite-
kaolinite zone dom i nates in the up per east ern por tion of the
sec tion, oc cur ring as very fine to fine-grained anhedral
crys tals oc cur ring pref er en tially within the mafic crys tal
sites. Mag ne tite as so ci ated with the K-sil i cate al ter ation
zone is al tered to he ma tite by the illite-kaolinite al ter ation
flu ids. Per va sive car bon ate al ter ation is spa tially as so ci -
ated with the illite-kaolinite al ter ation in the up per por tions
of the sec tion. Baker et al. (1999) re ported a ferroan-do lo -
mite com po si tion for this car bon ate al ter ation (Fig ure
6e, f). The pres ence of py rite, he ma tite and mag ne tite
within the mafic sites has been mapped along sec tion line
N50E (Fig ure 5). Py rite within the mafic sites dom i nates in
the east ern por tion of the sec tion, oc cur ring at a depth of
580 m in RC09-353 (east ern most drillhole) and grad u ally
at shal lower depths west ward to ward RC07-348, where py -
rite oc curs in the mafic sites in the up per 10 m of the hole.
Im me di ately be low the py rite-dom i nant zone, he ma tite is
the dom i nant ox ide in the mafic sites, ex tend ing to a depth
of 900 m depth in RC09-348, mark ing the apex of a deeper,
mag ne tite-dom i nant zone. Mod er ate to abun dant amounts
of mag ne tite oc cur within the mafic sites be low this apex
and at grad u ally deeper depths to wards the flanks of the
East zone. This zone oc curs at a depth of ~1150 m in the
east ern por tion of the sec tion and at 1100–1400 m in the
west, with its apex at 950 m in hole RC09-348. Lo cal ized
iso lated pods of mag ne tite as the dom i nant ox ide in the
mafic sites oc cur through out the he ma tite-dom i nant zone,
likely re flect ing ar eas with a less in tense illite-kaolinite al -
ter ation over print. A zone of nearly equal he ma tite and
magnetite within the mafic sites indicates a transitional
zone between depths of 550 and 1100 m in the easternmost
part of the section, in drillholes RC09-353 and RC09-350.

Mineralization

Cop per and gold grades in the East zone at Red Chris are
con cen trated in dis sem i nated and vein-hosted bornite and
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Fig ure 5. Cross-sec tion N50E show ing al ter ation of fel sic min er als 
to K-feld spar and illite-kaolinite, and al ter ation of mafic min er als to
sec ond ary bi o tite (Bt) and chlorite (Chl), py rite (Py), he ma tite (Hm)
and mag ne tite (Mt) in the East zone of the Red Chris de posit,
north west ern Brit ish Co lum bia. Drillhole depths are shown in
200 m in cre ments.



chal co py rite that are mostly within banded quartz-
stockwork veins. Bornite and chal co py rite are dom i nantly
fine anhedral grains but lo cally form ag gre gates in quartz
veins with mi nor to mod er ate white car bon ate. Sul phide-

only veins of chal co py rite and/or bornite, 1–2 mm thick
with wavy char ac ter, are par tic u larly com mon in deeper
por tions of the N50E sec tion line where K-sil i cate al ter -
ation dom i nates. Trace amounts of very fine grained chal -
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Fig ure 6. Typ i cal ex am ples of K-sil i cate and illite-kaolinite al ter ation in the Red stock from drillholes in the East zone of the Red Chris de -
posit, north west ern Brit ish Co lum bia: a) strong K-sil i cate al ter ation of monzodiorite, with mafic min er als al tered to py rite, he ma tite and illite-
kaolinite, drillhole RC335-070 (985.37 m); b) in tense K-sil i cate al ter ation of the groundmass with quartz veins, drillhole RC335-060
(863.54 m); c) K-sil i cate al ter ation of the groundmass, with sec ond ary bi o tite pheno crysts (orig i nally hornblende) be ing al tered to mag ne -
tite and chlorite, drillhole RC335-034 (409.48 m); d) illite (light green) al ter ation of plagioclase pheno crysts and kaolinite (blotchy white) al -
ter ation of hornblende pheno crysts, drillhole RC335-041 (532.90 m); e) in tense kaolinite and illite al ter ation of plagioclase and hornblende
pheno crysts and of the groundmass, with the groundmass also be ing per va sively car bon ate al tered, drillhole RC335-035 (441.17 m); f)
per va sive car bon ate (an ker ite?) al ter ation of plagioclase and hornblende pheno crysts (or ange), along with in tense car bon ate al ter ation of
the groundmass, drillhole RC106-019 (151.31 m). Fig ure re pro duced from Norris et al. (2010).



co py rite are pres ent in the K-sil i cate–al tered mafic min eral
sites and sparsely as fine-grained ag gre gates within pur ple
anhydrite veins. Mo lyb de nite is ob served in mi nor and
mod er ate amounts as fine- to me dium-grained dis sem i na -
tions within quartz-car bon ate veins and locally along the
margins of quartz-carbonate±anhydrite veins.

Bornite, chal co py rite, py rite and mo lyb de nite in quartz,
quartz-car bon ate and/or anhydrite veins have vari able dis -
tri bu tions along sec tion N50E (Fig ure 7). A nar row, yet ver -
ti cally sig nif i cant zone of bornite+chal co py rite oc curs in
the cen tral re gion of the sec tion, with its deep est ex tent at a
depth of 1100 m in drillhole RC09-348. At 900 m in depth,
this zone is roughly 200 m wide and was in ter sected by four
ad ja cent drillholes. The bornite+chal co py rite zone grad u -
ally nar rows to wards the sur face, and is roughly 50 m wide
at a depth of 50 m. Out board of the bornite+chal co py rite
core, a zone of chal co py rite>py rite forms the bulk of the
N50E sec tion. A zone of py rite>chal co py rite in quartz
veins forms an asym met ric dome about the cen tre of the
sec tion (drillholes RC09-348, RC07-335). This py rite zone 
is con cen trated near the sur face in the west ern por tion of
the sec tion and ex tends down to a depth of 400 m. Mo lyb -
de nite oc curs through out the N50E sec tion (typ i cally
<10 ppm) but is con cen trated in mod er ate amounts (~50–
100 ppm) in the eastern portion of the section below 750 m
in depth.

Vi sual es ti mates of quartz-vein den sity across sec tion
N50E were re corded as per cent ages, di vided into five bins
(0–20%, 20–40%, 40–60%, 60–80% and 80–100%) and
plot ted as a his to gram for each hole. Sev eral iso lated re -
gions of quartz-vein den si ties greater than 20% clus ter in
the cen tre of the sec tion and are out lined by thick black
dashed lines on Fig ure 7. The wid est re gion oc curs in the
cen tre of the East zone around 800 m in depth. A re gion of
very high den sity of quartz veins oc curs iso lated within
drillhole RC09-350 be tween 540 and 700 m in depth. An -
other re gion of very high den sity of quartz veins oc curs at
the sur face and ex tend ing down to a depth of 65 m in
drillholes RC07-335 and RC09-354.

Grade

Cop per and gold in the East zone at Red Chris have an av er -
age ra tio of 1:1 (% Cu to g/t Au), and they are strongly cor -
re lated across all grades (co ef fi cient of de ter mi na tion, r2 =
0.89; Baker et al., 1999). Vis i ble gold was not ob served.
His to grams of cop per and gold grades across sec tion N50E
(Fig ure 7) show that the high est gold grades are as so ci ated
with the high est den si ties of banded quartz-stockwork
veins. The cen tral sec tion of the East zone has grades
>0.5% Cu and >0.1 g/t Au from sur face down to ~1000 m in 
depth, with lo cal ized sec tions of much higher grade val ues.
The east ern por tion of the sec tion has grades typ i cally
>0.5% Cu and >0.1 g/t Au from 400–550 m down to

~1000 m, also with lo cal ized sec tions that are much higher
in grade. An ex am ple is drillhole RC09-350, which has an
in ter sec tion of 152 m, at 504 m in depth, of 4.12% Cu and
8.83 g/t Au. In the west (RC09-352), grades are typ i cally
>0.5% Cu and >0.1 g/t Au be tween depths of 400 and
850 m. The wes tern most sec tion of the East zone (RC09-
351) has lo cal ized sec tions grad ing >0.5% Cu and >0.1 g/t
Au be tween 400 and 800 m in depth. The high est gold
grades are as so ci ated with the chal co py rite and bornite core 
in the cen tre of the East zone, and lo cally out board within
ar eas of dom i nantly chal co py rite. Cop per and gold grade is
con trolled by quartz veins and does not appear to be related
to one specific alteration association.

Discussion and Conclusions

Al though only one gen eral compositional type of the Red
stock was rec og nized by Schink (1977), changes in
phenocryst size and abun dance iden ti fied in this study in di -
cate that sev eral dif fer ent por phy ritic phases likely are
pres ent. The con tacts be tween these dif fer ent tex tural types 
are typ i cally marked by zones of brecciation, which make
cross cut ting re la tion ships dif fi cult to de ter mine. It is likely
that the brecciated zones rep re sent the orig i nal in tru sive
con tacts be tween dif fer ent por phyry units that were later
re ac ti vated by suc ces sive struc tural and fluid events, in -
clud ing de po si tion of the abun dant late car bon ate ce ment
that is char ac ter is tic of these brec cia zones. Some of these
por phyry phases have much higher den si ties of veins and
higher Cu and Au grades, and are in ter preted to be early
phases of the in tru sion. Sim ple use of Cu and Au grades
may there fore be use ful, in ad di tion to textural evidence, to
distinguish between different porphyritic phases.

The typ i cally high-grade min er al iza tion at Red Chris is
closely as so ci ated with ar eas that have mul ti ple gen er a tions 
of the banded quartz-stockwork veins. Al though most of
the high-grade min er al iza tion in the core of the East zone is
chal co py rite+bornite, the min er al iza tion in the in tense
zone of quartz vein ing at a depth of 504 m in drillhole
RC09-350 is al most en tirely chal co py rite. The dis tri bu tion
of high-den sity quartz veins may be lithologically con -
trolled by compositionally sim i lar yet paragenetically
different porphyry intrusions.

Con trols on the oc cur rence of he ma tite and mag ne tite re -
main am big u ous. The pres ence of he ma tite and mag ne tite
in veins is di rectly as so ci ated with the K-sil i cate–al tered
core. How ever, the dis tri bu tion of he ma tite and mag ne tite
within mafic sites is ir reg u lar due to the in ten sity of the
illite-kaolinite al ter ation over print. Hornblende is al tered
to mag ne tite and sec ond ary bi o tite lo cally within the K-sil i -
cate–al tered zones, whereas mafic sites are al tered to he ma -
tite within zones of the wide spread illite-kaolinite al ter -
ation over print. The flu ids in volved in the illite-kaolinite
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al ter ation of the monzodiorite may have altered the
magnetite to hematite.

The pres ence of illite and kaolinite as the dom i nant clay al -
ter ation min er als over print ing the K-sil i cate zone in di cate a 
lower tem per a ture as so ci a tion than the seri cite min eral as -
so ci a tion. X-ray dif frac tion tech niques will be used to con -
firm the re sults of the TerraSpec™ anal y ses and may in di -
cate dis tinct mus co vite-, illite- and kaolinite-dominant
alteration zones.

Nu mer ous cross cut ting re la tion ships be tween dif fer ent
vein types ob served in the East zone com pli cate the de vel -
op ment of a rel a tive paragenesis. Flu ids as so ci ated with in -
di vid ual por phy ritic in tru sions frac tured older phases of the 
Red stock. Evo lu tion of the mag matic com po si tions and
their re la tion ships to the veins, min er al iza tion and al ter -
ation, and char ac ter iza tion of paragenetic vein se quences,
are the fo cus of the next stage of research on the Red Chris
deposit.
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