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Introduction

Nonsulphide de pos its were the main source of zinc prior to
the 1930s, but fol low ing the de vel op ment of dif fer en tial
flo ta tion and break throughs in smelt ing tech nol ogy, the
min ing in dus try turned its at ten tion to sul phide ore. To day,
most zinc is de rived from sul phide ore (Hitzman et al.,
2003; Simandl and Paradis, 2009), yet re cently, the suc -
cess ful op er a tion of a ded i cated pro cess ing plant to ex tract
zinc metal (through di rect acid leach ing, solid-liq uid sep a -
ra tion, sol vent ex trac tion and elec tro win ning) from non sul -
phide and mixed ores, mined at the Skorpion mine in Nam -
ibia, has put nonsulphide Zn-Pb de pos its back into the
lime light.

Car bon ate-hosted, nonsulphide base-metal (CHNSBM) de -
pos its form in supergene en vi ron ments from sul phide de -
pos its such as Mis sis sippi Val ley–type (MVT), sed i men -
tary ex ha la tive–type (SEDEX), Irish-type and vein-type
de pos its and, to lesser ex tent, skarns. Sev eral car bon ate-
hosted sul phide de pos its in the Kootenay terrane, ad ja cent
Cariboo terrane and, else where in BC, have near-sur face
Zn- and Pb-bear ing iron-ox ide gos sans (Simandl and
Paradis, 2009; Paradis et al., 2010). Such gos sans form
when car bon ate-hosted base-metal sul phide min er al iza tion 
is sub ject to in tense weath er ing and met als are lib er ated by
the ox i da tion of sul phide min er als. The met als can be
trapped lo cally, form ing di rect-re place ment, nonsulphide
ore de pos its, or they can be trans ported by per co lat ing wa -
ters down and away from the sul phide protore (pri mary
ore), form ing wallrock-re place ment CHNSBM de pos its
(Heyl and Bozion, 1962; Hitzman et al., 2003; Simandl and
Paradis, 2009). Wallrock-re place ment de pos its can be lo -

cated in prox im ity to protore or up to sev eral hun dreds of
metres away (Heyl and Bozion, 1962; Hitzman et al., 2003;
Reichert and Borg, 2008; Reichert, 2009). The di rect-re -
place ment nonsulphide de pos its are also known as ‘red
ores’ be cause they con sist com monly of iron oxyhydrox -
ides, goethite, he ma tite, hemimorphite, smithsonite, hydro -
zincite and cerussite; they typ i cally con tain >20% Zn,
>7% Fe and Pb±As. The wallrock-re place ment de pos its,
also known as ‘white ores’, con sist of smithsonite, hy dro -
zincite and mi nor iron oxyhydroxides, and con tain <40% Zn,
<7% Fe and very low con cen tra tions of Pb. Wall rock-re -
place ment de pos its are com monly rich in Zn and poor in Pb
rel a tive to the di rect-re place ment CHNSBM de pos its
(Simandl and Paradis, 2009) and, from a met al lur gi cal and
en vi ron men tal per spec tive, white ores are sim pler and pref -
er a ble.

His tor i cally, it was as sumed that Brit ish Co lum bia did not
have a sig nif i cant po ten tial to host eco nomic CHNSBM de -
pos its be cause it had been sub jected to sev eral pe ri ods of
gla ci ation. It is now well es tab lished, that given fa vour able
mor phol ogy and ori en ta tion, CHNSBM de pos its can sur -
vive glaciations (Simandl and Paradis, 2009; Paradis et al.,
2010), mak ing these de pos its le git i mate exploration targets 
in the province.

The pri mary ob jec tive of this pa per is to de fine the geo log i -
cal and min er al og i cal at trib utes of rep re sen ta tive
CHNSBM de pos its in south ern and cen tral BC (Fig ure 1),
which will also pro vide the foun da tion for the B.Sc. hon -
ours the sis of H. Keevil. These at trib utes could be used as a
tool for the iden ti fi ca tion of ar eas of max i mum prospectiv -
ity in south ern and cen tral BC, as well as elsewhere in the
province.

Regional Geology

The ar eas of in ter est are lo cated in the Salmo camp of the
south ern Kootenay Arc in south eastern BC (NTS 082F/03)
and at the Cariboo Zinc prop erty in the Quesnel Lake area
of east-cen tral BC (NTS 093A/14E, 15W; Figure 1).
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The Kootenay Arc is an ar cu ate belt of comp lexly de -

formed rocks ex tend ing at least 400 km from near

Revelstoke to the south west across the Can ada–United

States border (Fyles, 1964). The Kootenay Arc lies be -

tween the Purcell Anticlinorium in the Purcell Moun tains

to the east and the Monashee meta mor phic com plex to the

west, and it is part of the Kootenay terrane (Fig ure 2). The

arc con sists of a thick suc ces sion of thrust-imbricated Pro -

tero zoic to Early Me so zoic miogeoclinal to basinal strata of 

sed i men tary and vol ca nic protoliths (Brown et al., 1981).

Colpron and Price (1995) out lined a re gion ally co her ent

strati graphic suc ces sion in the Kootenay Arc. The lower

part is com posed of siliciclastic and car bon ate rocks of the

Eocambrian Hamill/Gog Group and Mohican For ma tion.

These are over lain by the archaeocyathid-bear ing car bon -

ate rocks of the Early Cam brian Badshot For ma tion and its

equiv a lent, the Reeves Mem ber of the Laib For ma tion

(Fyles and East wood, 1962; Fyles, 1964; Read and

Wheeler, 1976), which host a num ber of Zn-Pb sul phide

de pos its. The Badshot For ma tion is char ac ter ized by

calcitic to dolomitic mar ble. Schist is lo cally interlayered

with the mar ble. In the south ern part of the Kootenay Arc,

the car bon ate rocks are over lain by siliciclastic, basinal

shale and mafic vol ca nic rocks of the Early Pa leo zoic

Lardeau Group (Colpron and Price, 1995). Polyphase de -
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Fig ure 1. Lo ca tion of the pro ject area, south-cen tral Brit ish Co lum bia, with re spect to other sig nif i cant car bon ate-hosted sul phide and
nonsulphide oc cur rences in the north ern cor dil lera, (mod i fied from Nel son et al., 2002, 2006). Ab bre vi a tions: CC, Cache Creek terrane; Q,
Quesnel terrane; SMRT, Southern Rocky Moun tain Trench.



for ma tion has trans posed bed ding and locally obscured pri -
mary stratigraphic relationships (Colpron and Price, 1995).

The Quesnel Lake area in cen tral BC is com posed of rocks
of the Cariboo terrane, North Amer i can miogeocline and
the Barkerville subterrane (Fig ures 2 and 3). To the east, the 
Cariboo terrane is in fault con tact with the west ern mar gin
of the North Amer i can miogeocline along the Rocky
Moun tain Trench. To the west, it is in fault con tact (along
the west erly verg ing Pleas ant Val ley thrust) with rocks of
the Barkerville subterrane, which rep re sent a north ern ex -
ten sion of the Kootenay terrane.

The Cariboo terrane com prises thick se quences of Pre cam -
brian to Early Me so zoic siliciclastic and car bon ate rocks
that show sim i lar i ties with rocks of the North Amer i can
miogeocline. In the Quesnel Lake area, the Cariboo terrane

is rep re sented by the Late Pro tero zoic Kaza Group, the Late 
Pro tero zoic to Late Cam brian Cariboo Group and the Or do -
vi cian to Mis sis sip pian Black Stu art Group (Fig ure 3). The
Cariboo Group in cludes argillite, slate and phyllite of the
Isaac For ma tion; car bon ate of the Cunningham For ma tion;
argillite and phyllite of the Yan kee Belle For ma tion; white
quartz ite of the Yanks Peak For ma tion; shale, phyllite and
micaceous quartz ite of the Mi das For ma tion; car bon ate of
the Mu ral For ma tion; and slate, phyllite and mi nor lime -
stone of the Dome Creek For ma tion (Struik, 1988). Sed i -
men tary rocks of the Isaac, Cunningham and Yan kee Belle
for ma tions cor re late with those of the Windermere
Supergroup, and the quartz ite of the Yanks Peak For ma tion
cor re lates with that of the Hamill Group in south ern BC
(Struik, 1988). The archaeocyathid-bear ing car bon ate of
the Mu ral For ma tion is biostratigraphically cor re la tive
with the Badshot For ma tion of the Kootenay Arc, which
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Fig ure 2. Sim pli fied geo log i cal map of south east ern Brit ish Co lum bia and sur round ing re gion, show ing the Kootenay Arc and lo ca tion of
car bon ate-hosted Zn-Pb de pos its (mod i fied from Wheeler and McFeely, 1991; Lo gan and Colpron, 2006; Paradis, 2007). The Cam brian-
De vo nian car bon ates in clude the Early Cam brian Badshot For ma tion and its equiv a lent, the Reeves Mem ber of the Laib For ma tion, which
hosts the Zn-Pb sul phide and nonsulphide de pos its. Ab bre vi a tions: MC, Monashee com plex.



hosts nu mer ous stratabound car bon ate-hosted Zn-Pb sul -
phide and nonsulphide deposits and polymetallic Pb-Zn
(±Ag) veins (Struik, 1988; Paradis, 2007).

Carbonate-Hosted Sulphide and
Nonsulphide Deposits of the Salmo Camp

The sul phide de pos its of the Salmo camp are com monly re -
ferred to as ‘Kootenay Arc–type de pos its’ (Höy, 1982; Nel -
son, 1991). Most of the de pos its oc cur in Early Cam brian
shal low-wa ter plat form car bon ates of the Badshot For ma -
tion or its equiv a lent, the Laib For ma tion (Reeves Mem -
ber). Some oc cur in the Mid dle Cam brian to Early Ordovic -
ian Nelway For ma tion. They have been var i ously inter pret -
ed as meta mor phosed Mis sis sippi Val ley–type (MVT), sedi -
mentary ex ha la tive–type (SEDEX), and Irish-type Pb-Zn
de pos its (Sangster, 1970, 1990; Nel son, 1991; Goodfellow
and Lydon, 2007; Paradis, 2007, 2008). More re cently,
Paradis (2010) in ter preted them as Mis sis sippi Val ley–type
based on Re-Os dat ing on the min er al iza tion.
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Fig ure 3. Gen eral bed rock ge ol ogy be tween the Cariboo River and
Mitch ell Lake (af ter Camp bell, 1978; Struik, 1983a, b, 1988; Ferri
and O’Brien, 2003), east-cen tral Brit ish Co lum bia. The dot ted rect -
an gle (oc cur rences 1, 2 and 3) is the area cov ered by the Cariboo
Zinc prop erty (Fig ure 12). Min eral oc cur rences, ac cord ing to BC
MINFILE (BC Geo log i cal Sur vey, 2010): 1, Sil; 2, Griz zly Lake; 3,
Lam; 4, Comin Throu Bear; 5, Maybe; 6, Mt. Kimball; 7, Maeford
Lake; 8, Ace; 9, Mae; 10, Cariboo Schee lite.



The de pos its range in size from 6 to 10 mil lion tonnes with
av er age grades of 3–4% Zn, 1–2% Pb, 0.4% Cd and traces
of Ag (Höy, 1982; Höy and Brown, 2000). They are strata -
bound and stratiform lens-shaped con cen tra tions of sul -
phides (sphalerite, ga lena, py rite, lo cal pyrrhotite and rare ar -
senopyrite) in isoclinally folded dolomitized or si lici fied
car bon ate lay ers (Paradis, 2007). Sev eral de pos its are past-
pro duc ers (e.g., Reeves Mac Don ald, Jer sey, HB) and oth -
ers have seen ad vanced ex plo ra tion work (e.g., As pen,
Jack pot), al though none are pres ently in pro duc tion.

With the ex cep tion of Lomond (which is hosted by the Mid -
dle Cam brian–Early Or do vi cian Nelway For ma tion), the
de pos its are hosted by fine-grained, poorly lay ered or mas -
sive dolostone of the Reeves Mem ber, which is tex tur ally
dis tinct from bar ren, gen er ally me dium-grained, well-
banded, grey and white or black and white lime stone of the
same unit. The min er al ized dolostone is dark grey, poorly
lay ered and mot tled with black flecks, wisps and lay ers of
im pu ri ties (Fyles, 1970). The de pos its, their dolostone en -
ve lopes, and the lime stone host rock gen er ally lie within
sec ond ary iso cli nal folds along the limbs of re gional anti -
clinal struc tures. They form stratabound and stratiform, tab -
ular and lens-shaped con cen tra tions of py rite, sphalerite
and ga lena in dolomitized zones. Brecciated zones are com -
mon within the more mas sive sul phide min er al iza tion
(Fyles and Hewlett, 1959; Legun, 2000).

The near-sur face por tions of the sev eral car bon ate-hosted
sul phide de pos its are weath ered, strongly ox i dized and
con sist, in many cases, of ex ten sive Zn- and Pb-bear ing,
iron-ox ide gos sans and base-metal–bear ing nonsulphide
min er als. The weath ered zones of some of the de pos its are
par tially de lim ited and none have been ex ploited in the
past. The min er al ogy and paragenesis of ox i dized zones are 
in dic a tive of di rect-re place ment of sulphides by nonsul -
phide base-metal–bear ing min er als. The main ex po sure at
Lomond is an ex cel lent ex am ple of a CHNSBM iron-rich
gos san (Fig ure 4). The Ox ide de posit may cor re spond to
the hemimorphite por tion of a CHNSBM de posit formed
by wallrock-re place ment (Fig ure 5). There are not enough
data avail able to de ter mine con clu sively if the Ox ide de -
posit is of the di rect- or wallrock-re place ment–type, but the 
dom i nance of hemimorphite is linked to high sil ica ac tiv ity
(pro vided by the un der ly ing Reno For ma tion quartz ite)
dur ing base-metal trap ping. In most other oc cur rences, spa -
tial con ti nu ity and/or the close spa tial re la tion ships, in
com bi na tion with mor pho log i cal sim i lar i ties be tween sul -
phide and as so ci ated nonsulphide zones, sug gest di rect-re -
place ment CHNSBM min er al iza tion. The ev i dence for di -
rect-re place ment or i gin is strongest where the transition of
nonsulphide to sulphide mineralization with increasing
depth is well documented.

Brief de scrip tions of sam pled de pos its are given be low;
more de tailed de scrip tions can be found in Simandl and

Paradis (2009). The de scrip tions are based on our field in -
ves ti ga tions (2008, 2009) and de scrip tions of Fyles and
Hewlett (1959), Fyles (1964, 1970), Höy (1982) and Legun 
(2000).

Reeves MacDonald, Annex and Red Bird

The Reeves Mac Don ald de pos its are lo cated 30 km south-
south west of the vil lage of Salmo. They in clude the past-
pro duc ing de pos its of Reeves Mac Don ald (MIN -
FILE 082FSW026; BC Geo log i cal Sur vey, 2010) and An -
nex (MINFILE 082FSW219), and the Red Bird pros pect
(MINFILE 082FSW024). Com bined pro duc tion from
1949 to 1971 to talled 5 848 021 t of sul phide ore grad ing
3.50% Zn and 1.39% Pb. Like most car bon ate-hosted Zn-
Pb de pos its in the south ern Kootenay Arc, the min er al ized
zones are en closed by a dolomitized en ve lope within the
Reeves Mem ber lime stone. The sul phide orebodies, their
en vel op ing dolostone, and the lime stone host rock are
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Fig ure 4. The main ex po sure at the Lomond de posit; an ex am ple
of a CHNSBM de posit with an iron-rich gos san com po nent, south -
east ern Brit ish Co lum bia.

Fig ure 5. Hemimorphite-bear ing ma te rial, Ox ide de posit, south -
east ern Brit ish Co lum bia.



folded and meta mor phosed to greenschist fa cies. Struc ture
in the area is char ac ter ized by nearly east-strik ing fo li a tion
and south west erly trending fold axes. A se ries of north-
strik ing faults that dip 25–45°E off set the for ma tions and
the min er al ized zones.

The Reeves Mac Don ald mine con sisted of the Reeves, B.L. 
(MINFILE 082FSW026) and O’Donnell (MINFILE
082FSW028) de pos its, which are in ter preted as faulted
seg ments of the same orebody (Fyles and Hewlett, 1959;
Gorzynski, 2001). Other de pos its in the area, such as Red
Bird, An nex, Mac Don ald (MINFILE 082FSW026), Point
(MINFILE 082FSW027) and Pros pect (MINFILE
082FSW029) may be re lated by the style of fault ing to the
above min er al ized zones; how ever, they may be sep a rate
de pos its (Fyles and Hewlett, 1959; G. Klein, pers. comm.,
2007).

The sul phide bod ies are struc tur ally con form able and
stratabound. The sulphides form bands, lenses and lay ers of 
mas sive to dis sem i nated ma te rial, par al lel to compositional 
lay er ing within me dium to dark grey dolostone. Lay er ing
var ies from milli metre-scale to sev eral centi metres in
thick ness, and is ei ther con tin u ous over tens of metres, or
dis con tin u ous and highly con torted. Lenses of unmineral -
ized light grey do lo mite interlayered with thin bands of
argillite are com mon within the ore zones. Sulphides also
form a ma trix to brec cias, which con sist of rounded to platy
frag ments of do lo mite, lime stone and quartz. The sulphides 
con sist of fine- to me dium-grained py rite, honey-col oured
to brown sphalerite, mi nor ga lena and traces of chal co py -
rite. Cop per and cad mium con tent is typ i cally less than
0.5% and 1 g/t, respectively (S. Paradis, unpublished data,
2010).

Only sul phide min er al iza tion was mined at the Reeves
Mac don ald and An nex de posit, the nonsulphide base-
metal–bear ing zones, con sist ing of earthy yel low-brown
gos san of li mo nite, he ma tite and goethite, with vari able
amounts of hemimorphite, cerussite and pos si bly smith -
sonite, were left be hind. Ac cord ing to Höy et al. (1993), the
ox i da tion oc curred prior to gla ci ation and much of the ox i -
dized ma te rial was removed by the advancing ice.

The de pos its and pros pects (i.e., Reeves Mac Don ald, An -
nex and Red Bird) are ex posed over a dis tance of ap prox i -
mately 4 km.

Red Bird

The Red Bird pros pect lies south and west of the Pend
Oreille River along Red Bird Creek. It in cludes zones A, B,
C and D de scribed be low. The main work ings in clude four
adits, a shaft and sev eral more re cent trenches and roadcuts. 
All the un der ground work ings are in ac ces si ble. The in di -
cated re source (which pre dates Na tional In stru ment [NI]
43-101) within the Red Bird pros pect is re ported at

2 177 040 t grad ing 18.5% Zn, 6.5% Pb and 68.5 g/t Ag
(Price, 1987).

Zone A cor re sponds to a roadcut of the old Red Bird no. 4
tun nel. The trenches ex posed nar row zones of zinc-ox ide
min er al iza tion in dolostone of the Reeves Mem ber.
Gorzynski (2001) re ported val ues of 5.4% Zn over 1.6 m,
6.42% Zn over 1.3 m and 16.1% Zn over 1.5 m.

Zone B, also called the Beer Bot tle zone, is lo cated ap prox i -
mately 300 m east of zone A (Fig ure 6) and has been traced
over a strike length of 110 m. It is trun cated to the east by the 
Beer Bot tle creek fault and re mains open to the west (Klein, 
1999; Gorzynski, 2001). Trench B-2000-01 ex posed bands
and lay ers of red-brown iron-ox ide gos san in ter ca lated
with vari ably al tered and weakly min er al ized dolomitic
lime stone (Fig ure 7). Our as say re sults from sam ples se -
lected along trench B-2000-01 are given in Fig ure 7. Two
grab sam ples from the thick est part of the iron-ox ide gos san 
re turned highly vari able val ues of 0.5% and 23% Zn, and
0.12% and 2.8% Pb, re spec tively. An other sam ple (no. 181, 
Ta ble 1) from an iron-ox ide–rich band 0.5 m wide re turned
15.7% Zn and 3.0% Pb. Sam ples of the weakly min er al ized
dolomitic lime stone also re turned in ter est ing Zn and Pb
val ues (see Fig ure 7). In 2000, Redhawk Re sources Inc. an -
a lyzed a chan nel sam ple across the sec tion, which re turned
15.00% Zn over 12.8 m (Gorzynski, 2001). The footwall
por tion of this zone as sayed 22.16% Zn over 6.3 m, and the
hangingwall portion returned 8.08% Zn over 6.5 m
(Gorzynski, 2001).

Zone C, lo cated 150 m north east of Zone B (Fig ure 6), is
one of the main min er al ized zones of the Red Bird pros pect
ex posed at sur face. It is in ter preted as a down-faulted por -
tion of zone B. Red Bird tun nel no. 1 ex posed a nonsulphide 
sec tion of ap prox i mately 140 m in length, in clud ing a 75 m
long and over 6 m wide zone that has av er age grades of
18.55% Zn, 5.97% Pb and 36.7 g/t Ag (Emendorf, 1927;
Sorensen, 1942; Gorzynski, 2001). One of the re-ex ca vated 
road cuts (ap prox i mately 100 m in length; Fig ure 8), lo -
cated 85 m in el e va tion above tun nel no. 1, ex posed a
nonsulphide-rich sec tion that re turned 6.93% Zn over 21 m
(Gorzynski, 2001). High-grade zones in the footwall and
hangingwall of this sec tion as sayed 12.30% Zn over 4.4 m
and 9.75% Zn over 5.6 m (Gorzynski, 2001). As say re sults
of sam ples col lected in 2009 along trench C-2000-01 are
given in Fig ure 8. This sec tion ex poses high-grade iron-ox -
ide gos san, which re placed the weakly min er al ized dolo -
stone. Two smaller bands of iron-ox ide gos san are pres ent
in the ar gil la ceous lime stone or at the con tact be tween the
al tered dolostone and the lime stone. One sample at the
contact zone assayed 43.7% Zn and 0.68% Pb.

Zone D was found by deep drill ing. One drillhole re ported
an ox i dized in ter sec tion of 16.7 m that as sayed 7.2% Pb,
8.95% Zn and 23.5 g/t Ag, di rectly over ly ing a 1.5 m sul -
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Fig ure 6. Sche matic sur face plan of zones B and C, Red Bird pros pect, south east ern Brit ish Co lum bia (af ter Gorzynski, 2001).

Fig ure 7. Ver ti cal sec tion ori ented 316°, look ing north east of trench B-2000-01, Red Bird pros pect, south east ern Brit ish Co lum bia.
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Table 1. Chemical analyses of selected nonsulphide-rich samples from the Salmo district and Cariboo Zinc property, southeastern British Columbia.
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phide-rich do lo mite sec tion that as sayed 5.64% Zn,
0.38% Pb, 8.8 g/t Ag and 0.06% Cd (Price, 1987).

Lomond

The Lomond oc cur rence (MINFILE 082FSW018) is lo -
cated ap prox i mately 27 km south of Salmo, BC. Highly ox -
i dized Pb-Zn sulphides are ex posed within the mid dle and
up per part of the Mid dle Cam brian to Early Or do vi cian Nel -
way For ma tion, which con sists of cream- and grey-banded
do lo mite with dis con tin u ous lenses of darker dolostone and 
dolomitic siltstone (Fyles and Hewlett, 1959). The main
show ing (Fig ure 4) is pre dom i nantly iron ox ides (li mo nite
and goethite). It was mined be tween 1947 and 1948 as well
as in the 1950s, and a small quan tity of hand-sorted ga lena
was shipped to the smelter at Trail (BC).

Two ox i dized zones, 1.5 and 3.6 m thick and 3 m apart, are
de scribed by Fyles and Hewlett (1959) as con form able to
the dolomitic band ing, but lo cally dis cor dant. They con sist
of earthy brown, iron-ox ide li mo nite con tain ing harder ar -
eas of goethite. Within the soft earthy li mo nite are oc ca -
sional angle site-coated nod ules of ga lena. Trans par ent to
trans lu cent crys tals of cerussite (0.5–2 mm long) are lo -
cally pres ent within the open cav i ties (Fig ure 9). A sam ple
of the main ox i dized zone as sayed 10.3 g/t Ag, 1.2% Pb and 
2.7% Zn (Fyles and Hewlett, 1959). A 4.8 m long chan nel
sam ple as sayed 3.6% Zn, 1.41% Pb and 48.9% Fe (Fig -
ure 4), and var i ous grab sam ples as sayed from 0.4 to 2.4%
Zn and 0.13 to 2.5% Pb.

Jersey-Emerald

The Jer sey-Em er ald prop erty (MINFILE 082FSW009) lies 
ap prox i mately 11 km south east of the vil lage of Salmo. It

en com passes the for mer Jer sey and Em er ald Zn-Pb mines,
and the Em er ald, Feeney, In vin ci ble and Dodger tung sten
mines. Only the Zn-Pb de pos its will be con sid ered in this
study. Lead-zinc pro duc tion of over 8 mil lion tonnes grad -
ing 1.95% Pb and 3.83% Zn (Sul tan Min er als Inc., 2010)
was re corded for the Jersey and Emerald deposits.

The Jer sey-Em er ald Zn-Pb min er al iza tion oc curs within a
dolomitized zone, near the base of the Reeves Mem ber.
Five Zn-Pb do lo mite-hosted ore bands, rang ing in thick -
ness from 0.3 to 9 m, are rec og nized within the mine. Re -
cent drill ing in ter sected a Pb-Zn-bear ing do lo mite ho ri zon
lo cated 55–60 m be low the for mer Jer sey Zn-Pb de posit.
Sul phide ore con sists of fine-grained sphalerite and ga lena
with py rite and pyrrhotite. The ga lena-sphalerite-py rite-
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Fig ure 8. Ver ti cal sec tion ori ented 030°, look ing north west of trench C-2000-01, Red Bird pros pect, south east ern Brit ish Co lum bia.

Fig ure 9. Cerussite crys tals in open cav i ties of a goethite sam ple,
Lomond de posit, south east ern Brit ish Co lum bia.



pyrrhotite ore is banded and sim i lar to ore from the HB
deposits, where Pb dominates.

Un like many of the other car bon ate-hosted Pb-Zn de pos its
in the Salmo area, there is no re cord of a near-sur face ox i da -
tion zone at Jer sey. Gen er ally, this agrees with the au thors’
field ob ser va tions. The mine is dry and only two of the ten
ore zones, B and D, were ex posed at the sur face. Both of
these zones are elon gated ap prox i mately north ward and
plunge gently south. Only the south ern-most and top o -
graph i cally low est por tions of these orebodies out cropped.
An iron-rich gos san (Fig ure 10) was noted and sam pled at
1394 m of el e va tion, west of the Em er ald Zn-Pb mine por tal 
no. 1; a grab sam ple from this zone assayed 3.08% Pb and
0.8% Zn (49.4% Fe).

HB

The HB mine (MINFILE 082FSW004) is lo cated 8 km
south east of the vil lage of Salmo. It con sists of the HB and
Gar net de pos its. The HB de posit con tains at least five
orebodies and the Gar net de posit is a sin gle lens. The mine
pro duced a to tal of 6 656 101 tonnes of ore be tween 1912
and 1978. Mea sured and in di cated re serves, pub lished in
1978 (pre dat ing NI 43-101) by Ca na dian Pa cific Lim ited,
were 36 287 tonnes grad ing 0.1% Pb and 4.1% Zn (Anon y -
mous, 1983).

The orebodies, hosted by the Reeves Mem ber lime stone,
are lo cated less than 100 m west of the Argillite fault. Sed i -
men tary rocks in the mine area are folded into a broad
synclinorium, and the lime stone-dolostone beds host ing
the orebodies are on the west limb of this struc ture. The
main min er al iza tion at HB con sists of three elon gated,
crudely el lip soid orebodies dip ping steeply to ward the east
and plung ing 15–20° south ward. These steeply dip ping
orebodies are con nected by two gently dip ping tab u lar sul -
phide brec cia bod ies, which also plunge 15–20° south ward
(MINFILE 082FSW004). The steeply dip ping orebodies

con sist of con cen tra tions of dis con tin u ous string ers that
have a Pb:Zn ra tio of 1:5, whereas the tab u lar brecciated
min er al ized zones have a Pb:Zn ra tio of ap prox i mately
1:2.5 (MINFILE 082FSW004). The sul phide con cen tra -
tions within steeply dip ping ore zones ap pear to be par al lel
to cleav age in the host dolomitic lime stone (Mac Don ald,
1973). Sul phide min er al iza tion within the tabular zones
appears to follow the bedding.

Sul phide min er als con sist pre dom i nantly of fine-grained
py rite and sub or di nate sphalerite, ga lena and lo cally mi nor
pyrrhotite. The sul phide min er al iza tion is en vel oped by a
broad zone of dolomitization, which is bor dered along its
con tact with lime stone by a nar row silica-rich zone.

The north ern por tions of the min er al ized zones are ex posed
at sur face and ox i dized to a depth of 100 m (Fyles and
Hewlett, 1959). Avail able ev i dence points to the or i gin by
the di rect-re place ment pro cess. Nonsulphide min er als in -
clude hemimorphite {Zn4Si2O7(OH)2·H2O}, cerussite
{PbCO3} and goethite {FeO(OH)}. Fyles and Hewlett
(1959) also men tioned the fol low ing phos phates: pyromor -
phite {Pb5(PO4,AsO4)3Cl}, hopeite {Zn3(PO4)2·4H2O},
spencerite (an un com mon zinc phos phate) {Zn4(PO4)2

(OH)2×4H2O)} and tar but tite {Zn2(PO4)(OH)}. A grab
sam ple from the ox i dized zone as sayed 30.6% Zn, 5.1% Pb
and 19.3% Fe.

Oxide

The main show ings of the Ox ide pros pect (MINFILE
082FSW022) out crop to the west of the north-strik ing Ox -
ide pass, 5.5 km east-south east of Ymir, BC. The area is un -
der lain by black argillite and slate of the Early(?) to Mid dle
Or do vi cian Ac tive For ma tion, grey lime stone of the
Reeves Mem ber of the Laib For ma tion, and micaceous and
white quartz ite re sem bling the lower Navada Mem ber of
the Quartz ite Range For ma tion (Fyles and Hewlett, 1959).

Min er al iza tion is hosted by the Ox ide fault, which strikes
010° and dips 75 to 80°E. The fault zone (up to 9 m wide)
con sists of crushed and sheared rocks, con tain ing a muddy
clay-like gouge about 0.5 m thick (Fyles and Hewlett,
1959; MINFILE 082FSW022). The nonsulphide base-
metal–bear ing zone at the Ox ide adit was re ported to be
highly ox i dized and was ex posed along strike for 458 m
with a max i mum width ap proach ing 9 m. Past drill ing and
un der ground de vel op ment con firmed that the ox i dized
zone ex tends more than 180 m in depth. The In ter na tional
adit, lo cated ap prox i mately 830 m to the south of the Ox ide
adit, in ter sects an ox ide zone up to 7.3 m in width, which is
also re ported to host nonsulphide Zn-Pb mineralization.

Fig ure 5 shows the typ i cal ex po sure in the vi cin ity of the
Ox ide fault. The limonitic gos san con tains hemimorphite
(Fig ure 11) and hydrozincite as the ma jor Zn-bear ing min -
er als. Parahopeite, ga lena nod ules and pyromorphite have
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Fig ure 10. Iron-rich gos san on the Jer sey-Em er ald prop erty,
south east ern Brit ish Co lum bia.



also been re ported by McAllister (1951). The high est as say
from the Ox ide adit in 1948 was 15.7% Zn, 1.4% Pb, 0.34 g/t
Au and 3.4 g/t Ag (Fyles and Hewlett, 1959). Grab sam ples
from var i ous iron-ox ide gos sans and base-metal–bear ing
nonsulphide out crops as sayed from 1.55 to 49.8% Zn, 0.13
to 1.02% Pb, 0.72 to 56.2% Fe and 0.14 to 9.8% P (Ta ble 1).

Carbonate-Hosted Sulphide and
Nonsulphide Deposits of the Cariboo Zinc

Property

The car bon ate-hosted sul phide and nonsulphide oc cur -
rences (Flip per Creek, Do lo mite Flats, Main, Gunn and
Que) of the Cariboo Zinc prop erty (NTS 093A/14E and
15W; Fig ure 12) be long to a num ber of stratabound Zn-Pb
oc cur rences in Late Pro tero zoic to Early Pa leo zoic plat -
form car bon ate units and car bo na ceous shale units of the
Cariboo terrane, such as Comin Throu Bear (MINFILE
093A  158) and Maybe (MINFILE 093A  110).

The Cariboo Zinc prop erty en com passes sev eral Zn-Pb sul -
phide and nonsulphide oc cur rences in a south east-trending
belt about 8 km long. The main oc cur rences, from west to
east, are Canopener, DeBasher, Flip per Creek, Do lo mite
Flats, Main, Gunn and Que (Fig ure 12). In the BC MIN -
FILE da ta base, DeBasher cor re sponds to the LAM show -
ing (MINFILE 093A  050), Flip per Creek, Do lo mite Flats,
and Main are en com passed by the Griz zly Lake pros pect
(MINFILE 093A  065), and Gunn and Que cor re spond to
the Sil show ing (MINFILE 093A  062).

The Cariboo Zinc prop erty is un der lain by folded and
interlayered Late Pro tero zoic car bon ate and pelitic
metasedimentary rocks of the Cunningham and Isaac for -
ma tions of the Cariboo Group (Fig ure 3). The car bon ates
and interlayered metapelitic sed i ments strike 240º and dip
to the north west in the north ern part of the prop erty, and
strike 310º and dip to the north east in the south ern part
(Murrell, 1991; McLeod, 1995). This sug gests the pres ence 
of a ma jor open fold, with a hinge lo cated near the Griz zly
Lake area. A strong south west- to north west-strik ing fo li a -
tion is pres ent in metapelitic units on the east ern limb of the
fold. The west ern limb is char ac ter ized by a south west-
strik ing fo li a tion that gen er ally dips north west. Sev eral
north- to north east-trending faults are in ter preted to cross -
cut the metasedimentary rocks (Figure 12).

The sul phide and nonsulphide oc cur rences are hosted by a
dolostone–dolomitic lime stone unit ad ja cent to a ‘phyllite’
unit of the Cunningham For ma tion (Paradis et al., 2010).

Brief de scrip tions of sam pled de pos its are given be low;
more de tailed de scrip tions can be found in Paradis et al.
(2010). The de scrip tions are based on field ob ser va tions
(Paradis et al., 2010) and re ports of Murrell (1991) and
Brad ford and Hock ing (2008).

Flipper Creek

Min er al iza tion of the Flip per Creek pros pect, hosted by
me dium-grained white dolostone, con sists of clots and
pods of sphalerite, veins, and dis tinc tive brec cia zones ap -
prox i mately 0.5 m thick con tain ing bar ite, ga lena and
sphalerite. The brec cia is cross cut by a white, fine- to

coarse-grained bar ite vein trending 185°, which has seams
and pods of ga lena and sphalerite within and along the mar -
gin of the vein. Bar ite-as so ci ated min er al iza tion post dates
some ear lier sphalerite- and galena-bearing veinlets.

Ac cord ing to Murrell (1991), min er al iza tion is pref er en -
tially lo cated at the con tact be tween phyllite to the north
and un der ly ing cream dolostone to the south. This con tact
may cor re spond to a north west-trending fault along Flip per 
creek. Murrell (1991) re ported patchy green sphalerite,
hosted within the cream dolostone and as so ci ated with
white bar ite in prox im ity to the fault. Ir reg u lar dis sem i -
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Fig ure 11. Ox ide de posit, south east ern Brit ish Co lum bia: A)
Hemimorphite-rich sam ple; B) Close up of A) show ing ag gre gates
of white ra di at ing hemimorphite crys tals form ing bot ry oi dal struc -
tures.
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Fig ure 12. Re gional ge ol ogy of the Cariboo Zinc prop erty area, Quesnel Lake area, east-cen tral Brit ish Co lum bia (from Lormand and Al ford, 1990). Lake names with the ge neric in lower case
are un of fi cial.



nated blebs, wisps and veinlets of ga lena were un cov ered
by the au thors dur ing field work, and or ange-red sphalerite
was ob served within a dark grey brecciated dolostone.

Dolomite Flats

The Do lo mite Flats pros pect is lo cated ap prox i mately
800 m east-south east of the Flip per Creek oc cur rence and
600 m north west of the Main zone. The min er al iza tion is
pres ent in sev eral low-re lief dome-shaped out crops, up to
40 by 20 m in size, along the main ac cess road. White to
cream, fine- to me dium-grained crys tal line dolostone is the
dom i nant rock type. The dolostone is char ac ter ized by low
re sponse to ‘Zinc Zap’ (zinc in di ca tor so lu tion) and weak
acid re ac tion (largely lim ited to cal cite microfracture coat -
ings). The base-metal (Zn-Pb) sul phide and nonsulphide
min er al iza tion are con fined to the dolostone. The main sul -
phide min er als are or ange-brown to dark grey sphalerite
and py rite that are com monly (at least par tially) ox i dized

and ac com pa nied by some quartz grains. These are dis sem -
i nated within the dolostone or oc cur as frac ture fill ings
(Fig ure 13A, B). No ob vi ous struc tural con trol for the dis -
sem i nated sphalerite min er al iza tion is vis i ble on the scale
of the out crop; how ever, at hand-spec i men scale, sphalerite 
ap pears to be par tially con trolled by hair line frac tures.
Nonsulphide min er als typ i cally form soft red dish brown to
or ange patches that are wide spread through out the fine-
grained cream-col oured dolostone (char ac ter ized by a
weak re sponse to Zinc Zap); they also oc cur in low con cen -
tra tions as fine ag gre gates or min ute specks. Where pres ent
in above-av er age con cen tra tions, they form dull frac ture
coat ings and/or sug ary tex tured and po rous pods with
strong Zinc Zap re sponse. Lead is pres ent in the form of ga -
lena as iso lated short (<5 cm) and nar row (<2 mm) frac ture
fill ings and small pods (<3 cm). These galena fillings are
not common in the outcrops and are rather irregularly
distributed.
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Fig ure 13. Do lo mite Flats pros pect, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) or ange-brown patches cor re spond ing to ox i -
dized sulphides dis sem i nated in the dolostone; B) frac ture-fill ing ox i dized sulphides oc ca sion ally form ing boxwork tex ture in the dolostone;
C) stubby white trans lu cent crys tals of hemimorphite lin ing cav i ties; D) white trans lu cent fan-shaped crys tals of hemimorphite lin ing cav i -
ties.



Two grab sam ples from the Do lo mite Flats pros pect as -
sayed 0.25% Zn and 0.08% Pb, and 5.6% Zn and <0.02%
Pb, re spec tively (Ta ble 1).

Main

The Main pros pect is ex posed in a trench ap prox i mately
48 m long and 28 m wide. An other smaller trench is lo cated
230 m north west of the main trench. Min er al iza tion con -
sists of nu mer ous in ter sect ing 2–3 cm wide quartz veins
con tain ing ga lena and lesser sphalerite and nonsulphide
min er als (Fig ure 14A). Min er al iza tion is largely frac ture
con trolled. The main quartz-ga lena (±sphalerite±non -

sulphides) vein sys tem strikes 300–360° and dips east at

60–90°. It cross cuts bar ren quartz veins (2–3 cm wide) with 

ori en ta tions of 150°/80°W, 135°/50°S and 120°/45°S.

Ar eas (up to 1 by 0.5 m) con sist ing largely of mas sive ga -
lena (± euhedral sphalerite and ± ag gre gates of nonsulphide 
min er als) are pres ent along ex posed faces of ma jor frac -
tures within the prin ci pal trench of the Main zone (Fig -
ure 14B). The frac tures are less than 5 cm thick and, as the
ga lena con tent de creases, quartz con tent in creases. A grab
sam ple from the ga lena-rich vein brec cia sys tem as sayed
5.6% Zn and 43% Pb.

Gunn

Nu mer ous small trenches and larger trenches oc cur over a
350 by 125 m area south of the dirt road, ap prox i mately
150 m south east of the Main oc cur rence. Min er al iza tion con -
sists of quartz-ga lena (±sphalerite±nonsulphides) veins
and frac ture fill ings (Fig ure 15A), bar ite-ga lena-sphalerite
veins (Fig ure 15B), pods and ir reg u lar re place ment zones
of ox i dized sulphides (Fig ure 15C), and dis sem i nated fresh
and ox i dized sphalerite (Fig ure 15D). The car bon ate host is 
a fine- to me dium-grained recrystallized white dolostone.

The prin ci pal Gunn ex ca va tion, lo cated 250 m west of the
road, shows a com plex net work of quartz-ga lena (±sphal -
erite±nonsulphides) veins en closed in si li ceous cream-col -
oured dolostone that also lo cally hosts fine-grained, dis -
sem i nated, dark grey sphalerite and en closes ir reg u lar
zones of nonsulphide Zn-Pb min er al iza tion. The veins gen -
er ally trend north to north west and dip mod er ately to
steeply (000°/45°E, 280°/67°N, and 300°/80–90°N to 110–
130°/46°S). One set of min er al ized veins trends 040° and
dips 60°SE. Most of the veins are less than 5 cm thick and
vary in min er al ogy and min eral pro por tions along strike.
They con sist of quartz and ga lena with sub or di nate
amounts of cal cite, sphalerite and nonsulphide minerals.

At two lo ca tions within the main ex ca va tion, Pembrook
Min ing Cor po ra tion and Zincore Met als Inc., ge ol o gists re -
ported 16–30% Zn with much lower Pb val ues across
widths of 3–6 m. These zones most likely sam pled a com bi -
na tion of vein-type and nonsulphide re place ment-type

min er al iza tion. One grab sam ple of finely dis sem i nated
sul phides in dolostone as sayed 0.8% Zn and 0.3% Pb.

Que

The Que show ing con sists of a large num ber of shal low ex -
plor atory trenches and stripped out crops and subcrops lo -
cated at the ex treme south east cor ner of the Cariboo Zinc
prop erty, ap prox i mately 750 m south of the Gunn zone. The 
show ing con sists of ir reg u larly dis trib uted dolostone-
hosted frac ture-filled sphalerite, ga lena and nonsulphide
min er al iza tion (Fig ure 16A, B). Boul ders of Zn-bear ing
nonsulphide min er al iza tion are scat tered through out the
area (Fig ure 16C). At least at one lo cal ity, the pres ence of
sev eral large an gu lar and fri a ble nonsulphide-bear ing
blocks (>1 m in di am e ter), which strongly re act to Zinc
Zap, sug gests a lo cal or i gin. White-coated ga lena (sphal -
erite-free) nod ules up to 4–5 cm across were ob served in a
north-flow ing stream less than 50 m up stream from an oc -
cur rence of high-grade nonsulphide-rich boul ders. Grab
sam ples from trenches, subcrops and boul ders assayed
17.3–51% Zn, 0.14–1.5% Pb, and 0.07–0.76% Fe.
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Fig ure 14. Main pros pect, Cariboo Zinc prop erty, east-cen tral Brit -
ish Co lum bia: A) quartz-ga lena-nonsulphide-sphalerite vein; B)
pod of ga lena, nonsulphides and sphalerite that form part of a vein-
brec cia sys tem cross cut ting the host dolostone.



Samples and Methods

Our work is pri mar ily based on prop erty ex am i na tions, lim -
ited prop erty-scale map ping, and sam pling done in 2007,
2008 and 2009. Be fore sam pling, a rough eval u a tion of the
high-grade zones was made both vi su ally and by test ing
with Zinc Zap re ac tant (a so lu tion of 3% po tas sium ferri -
cyanide {K3Fe(CN)6} and 0.5% diethylaniline dis solved in
3% ox alic acid), which causes a bright red colouration on
the rocks when zinc is pres ent (Fig ure 17). This was com -
ple mented by pe trog ra phy, X-ray pow der dif frac tion
(XRD) and scan ning elec tron mi cro scope (SEM) anal y ses,
and whole rock geo chem is try. Eighty-nine sam ples were
taken from key out crops from the Red bird, Lomond, Ox -
ide, Jer sey and HB prop er ties in the Salmo dis trict of south -
ern BC, and forty sam ples were col lected from key out -
crops from the Cariboo Zinc property in the Quesnel Lake
area of central BC.

Most of the sam ples were ex am ined by con ven tional op ti -
cal mi cros copy; how ever, some were too fri a ble to al low

the prep a ra tion of a good thin sec tion and were ob served as

frag ments un der a ste reo scopic mi cro scope. Ap prox i -

mately 25 sam ples were an a lyzed by XRD and SEM at the

Uni ver sity of Brit ish Co lum bia Earth and Ocean Sci ences

microbeam lab o ra tory, to ac quire a broad sum mary of the

min eral phases pres ent and re cord their hab its and tex tural

re la tion ships. Finely ground aliquots of sam ple were

smear-mounted onto petrographic slides with an hy drous

eth a nol and al lowed to dry at room tem per a ture. X-ray dif -

frac tion data for min eral iden ti fi ca tion were col lected with

a scan ning step of 0.04° 2q and count ing time of 2 s/step on

a Siemens D5000 q-2q diffractometer over a range of 3°–

70° 2q, with each scan tak ing 55 min utes. Min er als were iden -

tified with ref er ence to the In ter na tional Cen tre for Dif frac -

tion Data (ICDD) PDF-4 da ta base us ing the pro gram

DIFFRACplus EVA (Bruker AXS, 2004, Karlsruhe, Ger -

many). The nor mal-fo cus Cu X-ray tube was op er ated at

40 kV and 40 mA.
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Fig ure 15. Gunn show ing, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) quartz–ga lena–nonsulphides (±sphalerite) veins; B)
bar ite-ga lena-sphalerite vein cross cut ting the dolostone (only bar ite is clearly vis i ble in the pho to graph); C) ir reg u lar re place ment zones of
ox i dized sulphides in dolostone; D) dis sem i nated ox i dized (or ange) and fresh (yel low ish) sphalerite in the fine-grained white dolostone.



Min eral hab its and the tex tural re la tion ships among min er -
als were char ac ter ized us ing a Philips XL-30 scan ning elec -
tron mi cro scope (SEM), equipped with a Bruker Quantax
200 en ergy dispersive X-ray spec trom e ter (EDS) sys tem.
Back scat tered elec tron im ag ing was used to ob serve tex -
tural re la tion ships in thin sec tion. EDS was used for the
identification of minerals.

Con ven tional whole-rock geo chem i cal anal y ses were done 
on ‘red’ and ‘white’ ores to as sess their com po si tion. The
anal y ses were done at ACME An a lyt i cal Lab o ra to ries Ltd.
(Van cou ver, BC). Ma jor ox ides and sev eral mi nor el e ments 
are re ported on a 0.2 g sam ple an a lyzed by in duc tively cou -
pled plasma–emis sion spec trom e try (ICP-ES) fol low ing a
lith ium metaborate/tetraborate fu sion and di lute ni tric di -
ges tion. Loss-on-ig ni tion (LOI) is by weight dif fer ence af -
ter ig ni tion at 1000°C. To tal car bon and to tal sul phur were
done by LECO anal y sis. High-grade min er al ized sam ples
were analyzed by ICP-ES fol low ing a hot four-acid di ges -
tion for sul phide and sil i cate ores. Rare earth and re frac tory
el e ments (e.g., Ba, Co) are de ter mined by in duc tively cou -

pled plasma–mass spec trom e try (ICP-MS) fol low ing a lith -
ium metaborate/tetraborate fu sion and ni tric acid di ges tion
of a 0.2 g sam ple. In ad di tion a sep a rate 0.5 g split is di -
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Fig ure 16. Que show ing, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) ga lena veinlets cross cut ting nonsulphide-rich dolostone;
B) frac ture filled by coarse-grained do lo mite, iron oxyhydroxides, ox i dized sulphides (pre sum ably sphalerite) and ga lena; C) large an gu lar
nonsulphide-bear ing blocks; D) trans lu cent ra di at ing tab u lar crys tals of hemimorphite in cav ity.

Fig ure 17. Typ i cal bright red re ac tion of Zinc Zap so lu tion in a zinc-
rich ex po sure, east-cen tral Brit ish Co lum bia.



gested in aqua regia and an a lyzed by ICP-MS to re port the
pre cious and base-metal con tent.

Mineralogy of the Carbonate-Hosted
Nonsulphide Occurrences

Salmo Camp

The in te gra tion of the an a lyt i cal meth ods iden ti fied the fol -
low ing nonsulphide min er als in the de pos its of the Salmo
re gion: Hemimorphite {Zn4Si2O7(OH)2·H2O}, cerussite {PbCO3},
hydrozincite {(Zn5(CO3)2(OH)6}, and iron oxyhydroxides
(goethite {FeO(OH)}, and he ma tite {Fe2O3}). Among the
gangue min er als, do lo mite is ubiq ui tous, fol lowed in abun -
dance by cal cite, quartz, iron oxyhydroxides, and traces of
anhydrite/gyp sum. Rem nants of sphalerite and py rite are
noted oc ca sion ally. Ta ble 2 lists all ob served nonsulphide
Zn and Pb min er als oc cur ring with the de pos its.

The nonsulphide min er als are paragenetically late and re -
place the host car bon ates and the pri mary sulphides. They
are not de formed and post date meta mor phism and re gional
de for ma tion of the host rocks. Dolostone, which is an al ter -
ation prod uct of the re gional lime stone, is the pri mary host
rock to the nonsulphide min er als. This dolostone is in ter -
preted as hy dro ther mal in origin.

The sec tions at the Red Bird pros pect ex pose high-grade
semiconsolidated to con sol i dated iron-ox ide gos san, which 
re placed the dolostone. Petrographic, XRD and SEM anal -
y ses found var i ous iron oxyhydroxides with rem nants of
goethite, hemimorphite, and rem nants of fine-grained py -
rite and sphalerite grains in a groundmass of do lo mite, cal -
cite, iron oxyhydroxides, and oc ca sional quartz grains. Iron 
oxyhydroxides oc cur along frac tures and per va sively re -
placed the car bon ate host rock. Hemimorphite is the main
nonsulphide min eral at Red Bird. It oc curs as trans lu cent
white thin tab u lar crys tals and fan-like ra di at ing and con -
cen tric ag gre gates in open spaces, such as sec ond ary pores,
inter gra nu lar spaces and frac tures, and it also per va sively
re places the car bon ate groundmass (Fig ure 18A, B). When
pres ent, hydrozincite post dates de po si tion of hemimor -
phite and oc curs as thin whit ish crust on hemimorphite. The 
fine-grained py rite and sphalerite are al ways crosscut and
enveloped by a fine layer of iron oxyhydroxides.

The ex po sures at the Lomond de posit con sist of semicon -
solidated earthy brown, iron-ox ide li mo nite con tain ing
harder ar eas of goethite. Within the soft earthy li mo nite are
con cre tions of goethite and rare angle site-coated nod ules
of ga lena. Trans par ent to trans lu cent crys tals of cerussite
(0.5–2 mm long) are lo cally pres ent within the open cav i -
ties of goethite (Figure 9).

The iron-ox ide gos san at the Jer sey-Em er ald prop erty con -
sists of goethite, he ma tite, quartz and mi nor amounts of

sphalerite and py rite. No zinc or lead car bon ates/sil i cates
were observed.

The ox i dized zones sam pled at the HB de posit con sist of
car bon ates, quartz, hemimorphite {Zn4Si2O7(OH)2·H2O},
cerussite {PbCO3}, goethite {FeO(OH)}, he ma tite, and
traces of sulphides (py rite, ga lena). Fyles and Hewlett (1959)
also men tioned pyromorphite {Pb5(PO4,AsO4)3Cl}, hope -
ite {Zn3(PO4)2·4H2O}, spencerite (an un com mon zinc
phos phate) {Zn4(PO4)2(OH)2·3H2O} and tar but tite {Zn2

(PO4)(OH)}. The nonsulphide min er als oc cur as frac ture
and cav ity-fill ing in a groundmass of car bon ate, quartz and
iron oxyhydroxides.

The Ox ide show ing con sists of un con sol i dated to semicon -
solidated limonitic gos sans (Fig ure 5) that con tain hemim -
orphite and mi nor hydrozincite as the ma jor Zn-bear ing
min er als. Hemimorphite con sists of white and red dish
brown fine-grained tab u lar, bot ry oi dal, colloform, and fan-
like ra di at ing and con cen tric crys tals that per va sively re -
place the car bon ate groundmass, and fills cav i ties and frac -
tures (Fig ure 18C, D). No sulphides are ob served in the
sam ples. Parahopeite {Zn3(PO4)2·4(H2O)}, ga lena nod ules
and pyromorphite {Pb5(PO4,AsO4)3Cl} have also been
reported by McAllister (1951).

Cariboo Zinc Property

The main nonsulphide min er als iden ti fied within the
Cariboo Zinc prop erty are hemimorphite {Zn4Si2O7

(OH)2·H2O}, smithsonite {ZnCO3}, wil lem ite {Zn2SiO4},
cerussite {PbCO3}, hydrozincite {Zn5(CO3)2(OH)6}, goe -
thite {FeO(OH)} and he ma tite {Fe2O3}. The gangue min -
er als are do lo mite, cal cite, quartz and iron oxyhydroxides.
Ta ble 2 lists all the nonsulphide Zn and Pb min er als ob -
served within the de pos its. Hemimorphite and wil lem ite
are the most com mon nonsulphide zinc min er als. Wil lem ite 
is pref er en tially as so ci ated with quartz-ga lena–bear ing
veins; whereas, hemimorphite is as so ci ated with iron
oxyhydroxides as re place ment of sphalerite crys tals and
car bon ate groundmass. The nonsulphide min er als are
paragenetically late and re place the pri mary sulphides and
the host car bon ates. They are not de formed and post date
meta mor phism and regional deformation of the host rocks.

Nonsulphide min er als within the Do lo mite Flats pros pect
are typ i cally soft red dish brown to or ange, dom i nated by
smithsonite and hemimorphite. These min er als are wide -
spread through out the fine-grained cream-col oured
dolostone in low con cen tra tions as fine ag gre gates or min -
ute specks. They also form dull frac ture coat ings and/or
sug ary tex tured and po rous pods. Lo cally, the nonsulphides 
are as so ci ated with quartz grains, and vis i ble relicts of
sphalerite and py rite crys tals. The most spec tac u lar oc cur -
rences of nonsulphides at this lo cal ity con sist of ra di at ing
hemimorphite nee dles lin ing cav i ties (Fig ure 13C, D).
Hemimorphite also oc curs as fine del i cate euhedral crys tals 
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along frac tures of the dolostone (Fig ure 19A). Smithsonite
is in con spic u ous in hand spec i mens but mi cro scop i cally it
grows as fine crys tals on a network of crosscutting iron-
oxyhydroxide seams (Figure 19B).

The main nonsulphide min er als within the Main pros pect
are iron oxyhydroxides, hemimorphite and smithsonite,
which prin ci pally oc cur as soft red dish brown to or ange ag -
gre gates in the quartz-ga lena veins, and in the sul phide
pods as so ci ated with the vein-brec cia sys tem (Fig ure 14).
Mi cro scop i cally, hemimorphite forms ag gre gates of eu -
hedral ra di at ing crys tals fol low ing the iron-oxyhydroxide
seams, fill ing cav i ties, or re plac ing the car bon ate ground -
mass (Fig ure 19C). Smithsonite oc curs where hemimor -
phite pre vails as a fine dust ing al ter ing sphalerite (Fig -
ure 19D). Hydrozincite, pres ent in small amounts,
post dates de po si tion of hemimorphite and smithsonite and
oc curs as thin whit ish crusts on the fine botryoidal
concretions of smithsonite.

The nonsulphide min er als at Gunn are prin ci pally as so ci -
ated with quartz–ga lena (±sphalerite) veins and frac ture fil -
l ings, and some ir reg u lar re place ment zones in the
dolostone. The nonsulphides in clude hemimorphite,
smithsonite, wil lem ite, cerussite, hydrozincite and iron
oxy hydroxide. Hemimorphite forms ag gre gates of white to
pale grey, trans lu cent to trans par ent ra di at ing euhedral
crys tals, 2–3 mm in length or less al ter ing sphalerite (Fig -
ure 19C), fill ing cav i ties, and re plac ing the car bon ate
groundmass. It also oc curs as white trans par ent crys tals,
1.5 mm in length and 0.5 mm in di am e ter fill ing cav i ties.
Smithsonite, wil lem ite and cerussite were only ob served
mi cro scop i cally. Smithsonite is a grungy look ing min eral
that is as so ci ated with the quartz–ga lena (±sphalerite)
veins. Wil lem ite oc curs as ag gre gates of gran u lar crys tals
form ing dis con tin u ous rims around ga lena crys tals in the
veins (Fig ure 19E). Cerussite oc curs in very small amounts
(<1%) in the sam ples and is associated with microfractures
of galena and iron oxyhydroxide.

Two types of nonsulphide oc cur rences are found at Que: 1)
dolostone out crops with microfractures and veinlets of iron 
oxyhydroxide, nonsulphides, and rem nants of ga lena,
sphalerite and py rite crys tals; and 2) scat tered high-grade
boul ders of Zn-bear ing nonsulphide min er al iza tion.
Hemimorphite can be found in both types of oc cur rences. It
is the prin ci pal nonsulphide min eral al ter ing sphalerite and
oc curs as scat tered crys tals along the iron-oxyhydroxide
microfractures. In the boul ders, it forms mas sive ag gre -
gates of coarse-grained euhedral ra di at ing crys tals (Fig -
ure 19F). Hydrozincite forms a thin white crust on the
hemimorphite-rich sam ples.

Discussion

Two dis tinct types of car bon ate-hosted, nonsulphide base-
metal (CHNSBM) min er al iza tion oc cur within the Salmo

camp: 1) the min er al iza tion ex posed at the sur face of the
Red Bird, Lomond, HB and Jer sey-Em er ald prop er ties con -
sist pre dom i nantly of red ore, and 2) the min er al iza tion ex -
posed at the sur face of the Ox ide pros pect is char ac ter ized
by white ore. The dom i nant min er al og i cal phases of the red
ore are iron oxyhydroxides and hemimorphite re plac ing
both pri mary sulphides and car bon ate host rocks.
Cerussite, smithsonite and hydrozincite are lo cally pres ent. 
Rem nants of pri mary sphalerite, py rite and ga lena are pres -
ent at all show ings. Inter growth crys tals of do lo mite (70–
90%) and cal cite (30–10%), and oc ca sional quartz form the 
gangue min er als, and rhombohedral and scalenohedral cal -
cites are also ob served as newly formed phase-fill ing cav i -
ties and frac tures. Based on his tor i cal de scrip tions, the
white ore of the Ox ide pros pect is made of soft earthy ma te -
rial con tain ing pre dom i nantly hemimorphite, mi nor
amounts of iron oxyhydroxides, and rare nod ules of ga lena. 
McAllister (1951) and Fyles and Hewlett (1959) also re -
ported the lo cal pres ence of pyromorphite and parahopeite.
The un der ground work ings at Ox ide are not ac ces si ble;
how ever, hemimorphite-rich ma te rial is found com monly
as rounded or ovoid-shaped, dense but po rous masses in
un con sol i dated over bur den. These masses are beige to pale
gray in col our, hard but po rous and char ac ter ized by in tri -
cate (commonly concentric) system of pores. No remnants
of sulphides have been observed within these masses.

The min er al og i cal and geo log i cal char ac ter is tics (i.e.,
CHNSBM zones un der lain by sul phide min er al iza tion) of
the nonsulphide Zn-Pb min er al iza tion at Red Bird,
Lomond, HB and Jer sey point to supergene di rect-re place -
ment of the sul phide-rich protore. Dur ing the for ma tion of a 
di rect-re place ment CHNSBM de posit, pri mary ore
(protore) is ox i dized, and base met als pass into so lu tion and 
are re dis trib uted and trapped within space orig i nally oc cu -
pied by the protore (Simandl and Paradis, 2009). De pend -
ing on the ex tent of re place ment of sulphides by base-metal
and iron-bear ing nonsulphide min er als (ox ides, sil i cates,
car bon ates and phos phates), the re sult ing ore is called
mixed (com bi na tion of sul phide and nonsulphide ore) or
nonsulphide ore (also re ferred to as ox ide ore). The geo log -
i cal and min er al og i cal ev i dence sug gests that the Zn-rich
white ore min er al iza tion at Ox ide may be of supergene
wallrock-re place ment type (Simandl and Paradis, 2009). In 
this sys tem, the base met als lib er ated by the ox i da tion of
sulphides are not trapped lo cally (as for the red ore), but
they are trans ported by per co lat ing wa ters down and away
from the sul phide protore and pre cip i tated un der more re -
duc ing con di tions (cf. Hitzman et al., 2003). In this par tic u -
lar case, be cause the de posit is lo cated at the con tact of car -
bon ate with quartz ite, high ac tiv ity of sil ica was prob a bly
the de ter min ing fac tor in crys tal li za tion of hemimorphite
rather than smithsonite-rich ore. Wallrock-re place ment de -
pos its can be lo cated in proximity to protore or several
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Table 2. Most common minerals occurring within properties of the Salmo camp and the Cariboo Zinc property, east-central British Columbia.
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hundreds of metres away (Heyl and Bozion, 1962; Hitzman 
et al., 2003; Reichert and Borg, 2008).

The car bon ate-hosted sul phide and nonsulphide min er al -
iza tion of the Cariboo Zinc prop erty oc curs as dis sem i na -
tions of fine specks and centi metre-size ag gre gates, irregu -
lar re place ment zones, and veins and frac ture fill ings lo cally
form ing nar row brec cia zones. Sphalerite oc curs mostly as
per va sive fine- to me dium-grained, low-grade dis sem i na -
tions in dolostone; ag gre gates form ing centi metre-size
clots; and, less fre quently, frac ture and brec cia fill ings. Ga -
lena oc curs mainly as frac ture and vein fill ings in as so ci a -
tion with quartz and/or cal cite, sphalerite and bar ite. Ga -
lena-rich crackle and mo saic dolostone brec cias (±
sphalerite) are less com mon. In all of the oc cur rences, ga -
lena and sphalerite are at least par tially or to tally trans -
formed into Zn-Pb nonsulphides.  The dom i  nant
nonsulphide min er als are hemimorphite and smithsonite,
with vari able amounts of iron oxyhydroxides and hydro -
zincite. Wil lem ite and cerussite were rec og nized only at

Gunn and Que oc cur rences. The nonsulphides form milli -
metre-scale or ange patches, ox ide boxworks (af ter
sphalerite), open-space fill ings, and ir reg u lar re place ment
pods and masses with or with out rem nants of sphalerite, ga -
lena and py rite. Hemimorphite and smithsonite re place
sulphides and host car bon ates, but wil lem ite and cerussite
only re place the sul phide as sem blages. Our pre lim i nary ob -
ser va tions sug gest that hemimorphite and smithsonite de -
vel oped at the ex penses of wil lem ite and cerussite in near-
sur face ox i da tion of the sulphides. They have all the char -
ac ter is tics of supergene ox i da tion prod ucts, whose
physicochemical con di tions of for ma tion re main un clear.
Sur pris ingly, iron sulphides (py rite and/or marcasite) are
pres ent in low con cen tra tions through out the area, with the
ex cep tions of the DeBasher and Do lo mite Flats oc cur -
rences, where py rite is found as so ci ated with ag gre gates of
sphalerite. This is sig nif i cant be cause un der ox i diz ing con -
di tions, py rite is more re ac tive in sur face en vi ron ments
than sphalerite or ga lena. The best and high est grade
nonsulphide min er al iza tion within the Cariboo Zinc prop -
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Fig ure 18. Mi cro pho to graphs taken un der crossed po lar light of Zn and Pb nonsulphide min er als from the Red Bird and Ox ide de pos its,
east-cen tral Brit ish Co lum bia: A) ag gre gates of tab u lar crys tals of hemimorphite re plac ing the car bon ate host rock; B) tab u lar crys tals of
hemimorphite lin ing cav i ties; C) ag gre gates of fine ra di at ing crys tals of hemimorphite per va sively re plac ing the car bon ate groundmass; D)
two gen er a tions of hemimorphite: con cen tric ag gre gates of ra di at ing crys tals; and coarse-grained tab u lar crys tals.



erty is found within subcrops and large an gu lar boul ders of
nonsulphide min er al iza tion scat tered through out the Que
show ing area. Three grab sam ples as sayed 51% Zn, 43.3%

Zn, and 17.32% Zn with low con cen tra tions of Pb and Fe
(Ta ble 1).
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Fig ure 19. Mi cro pho to graphs of Zn and Pb nonsulphide min er als from the Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) Do lo -
mite Flats show ing, fine euhedral crys tals of hemimorphite fol low ing the iron-oxyhydroxide microfractures in the dolostone, crossed polars;
B) fine-grained ag gre gates of smithsonite form ing a cross cut ting net work in the dolostone, crossed polars; C) ag gre gates of euhedral crys -
tals of hemimorphite, plane-po lar ized light; D) smithsonite al ter ing sphalerite, plane-po lar ized light; E) wil lem ite form ing a rim around ga -
lena, crossed polars; F) ag gre gates of ra di at ing hemimorphite crys tals al ter ing sphalerite and re plac ing car bon ates, crossed polars.



In sum mary, the nonsulphide min eral oc cur rences and as -
sem blages within the Salmo dis trict and the Cariboo Zinc
prop erty are dif fer ent; how ever, in both cases they fit the
supergene model de scribed by Simandl and Paradis (2009).

Ongoing Work and Applied Research
Aiming to Help the Exploration Community

The char ac ter iza tion of the nonsulphide de pos its of south -
ern and cen tral BC is es sen tial for the for mu la tion of in te -
grated ex plo ra tion pro grams tar get ing CHNSBM de pos its
in BC and else where. Zinc or lead ox ides, sil i cates and car -
bon ates are also in di rect in di ca tor min er als in ex plo ra tion
for MVT, SEDEX, Irish-type, and vein-type Zn-Pb de pos its
(i.e., Zn-Pb sul phide pre cur sors to CHNSBM de pos its). The
po ten tial for nonsulphide de pos its in BC is good re gard less
of the in ten sity of the gla ci ation. The ori en ta tion of the
nonsulphide min er al iza tion is a key fac tor. Steeply plung -
ing, rod-shaped nonsulphide ox ide de pos its (such as those
of the Salmo camp), with their small est di men sion ex posed
at sur face, en closed in com pe tent rocks (i.e., dolomitized
lime stone), have the best pres er va tion po ten tial. Flat-ly ing
ex posed de pos its, with the larg est di men sions coplanar
with ero sion sur faces, have lower sur vival po ten tial. The
com pact hemimorphite-rich masses within the over bur den
at the Ox ide de posit sug gest that, small-scale gla cial trans -
port of the nonsulphide ma te rial from steeply plung ing
CHNSBM bod ies in creases the foot print of the ex plo ra tion
tar get.

Pre lim i nary re sults of por ta ble XRF tests con ducted on
nonsulphide ores in di cate that this tech nol ogy could great -
ly fa cil i tate ex plo ra tion for nonsulphide de pos its, since
white ores are no to ri ously dif fi cult to rec og nize by tra di -
tional pros pect ing meth ods (Simandl and Paradis, 2009; S.
Paradis and G.J. Simandl, work in progress).

Char ac ter iza tion of the phys i cal prop er ties of the nonsul -
phide Zn, Pb, Fe ox ides, car bon ates and sil i cates is es sen -
tial for eval u a tion/se lec tion of geo phys i cal meth ods in ex -
plo ra tion for nonsulphide Pb-Zn de pos its. To the best of our 
knowl edge, such data is not avail able in the lit er a ture; and a
sis ter pub li ca tion to this doc u ment by Enkin et al. (2011)
will be the first one of its kind.
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