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INTRODUCTION

Car bon ate-hosted, nonsulphide, base-metal (CHNSBM)
de pos its are com monly over looked dur ing the se lec tion of
ex plo ra tion tar gets. Un der fa vour able geo log i cal, cli ma tic,
top o graphic and hy dro log i cal con di tions, the weath er ing of 
a va ri ety of car bon ate-hosted, sul phide de pos its may re sult
in the for ma tion of eco nom i cally sig nif i cant CHNSBM de -
pos its. The pri mary ob jec tive of this pa per is to pro vide
con cep tual back ground on CHNSBM de pos its, sup ply
con crete ex am ples of di rect-re place ment, nonsulphide de -
pos its from the Salmo dis trict, Brit ish Co lum bia (NTS
082F/03) and dem on strate that the area has sig nif i cant po -
ten tial to host un dis cov ered wallrock-re place ment-type
CHNSBM de pos its. The sec ond ary ob jec tive is to ex plain
the im por tance of de posit mor phol ogy and its spa tial ori en -
ta tion in the pres er va tion of such de pos its within gla ci ated
ar eas of south east ern BC.

CARBONATE-HOSTED, NONSULPHIDE,
BASE-METAL DEPOSITS

Nonsulphide de pos its were the main source of zinc
prior to the1930s 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). The sit u a tion, how ever, is chang ing as ev i denced by
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-
liquid sep a ra tion, sol vent ex trac tion and elec tro win ning,
from nonsulphide and mixed ores mined at the Skorpion
mine, Namibia. Geo log i cal in for ma tion on CHNSBM de -
pos its was re viewed by Hitzman et al. (2003). The
CHNSBM de pos its are in ter preted to be of ei ther supergene 
or hypogene or i gin (Hitzman et al., 2003; Sangster, 2003).
The for ma tion of supergene de pos its is well established but

un cer tainty remains regarding hypogene CHNSBM
deposits.

In this pa per, we con cen trate on nonsulphide de pos its
formed in supergene en vi ron ments from car bon ate-hosted,
sul phide, base-metal de pos its (such as Mis sis sippi Val ley-
type [MVT], sed i men tary-ex ha la tive [SEDEX], Irish-type
or vein-type de pos its and, to lesser ex tent, skarns). When
car bon ate-hosted, base-metal sul phide min er al iza tion is
sub ject to in tense weath er ing, 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 (Heyl and Bozion, 1962; Hitzman et al., 2003) also
re ferred to as “residual” ore by Reichert and Borg (2008).

A sche matic sec tion of an ide al ized di rect-re place ment 
de posit is shown in Fig ure 1a. Dur ing the for ma tion of a
direct-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. De pend ing on the ex tent of re place -
ment of the 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). If the base met als lib er ated by the
ox i da tion of sul phide ore are not trapped lo cally, they are
trans ported by per co lat ing wa ters down and away from the
sul phide protore and may form wallrock-re place ment
CHNSBM de pos its (Fig ure 1b). Wallrock-re place ment de -
pos its can be lo cated in prox im ity to protore or sev eral hun -
dreds of metres away (Heyl and Bozion, 1962; Hitzman et
al., 2003; Reichert and Borg, 2008). Al ter na tively, if the
metal-bear ing so lu tions do not en coun ter con di tions fa -
vour able for trap ping within nonsulphide min er als (by
direct- or wallrock-re place ment pro cesses), met als are
dispersed in low concentration over large areas (i.e., with -
out forming economic ore deposits).

Heyl and Bozion (1962) and Hitzman et al. (2003) also
de scribed re sid ual and karst-fill, supergene, nonsulphide,
base-metal de pos its formed by me chan i cal or chem i cal
trans port fol lowed by ac cu mu la tion of pre vi ously formed
nonsulphide min er al iza tion in karst de pres sions and un der -
ground sys tems. These de pos its are typ i cally high grade
and small ton nage. We do not dis cuss these de posit types
here. The main nonsulphide Zn-, Pb- and Fe-bear ing min er -
als and their char ac ter is tics are listed in Ta ble 1. The reader
is re ferred to Hitzman et al. (2003) for a more complete list.

His tor i cally, most CHNSBM de pos its were thought to
be small; some de pos its and dis tricts, how ever, have ton -
nage com pa ra ble to world-class sul phide de pos its, es pe -
cially if mixed ores are also con sid ered (Fig ure 2). The
Balmat de posit (New York), which is a large stratiform,
car bon ate-hosted, Zn sul phide de posit, is shown for com -
par  i  son.  The Balmat de posi t  has  a  near-sur  face
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nonsulphide com po nent of <100 000 tonnes at 10–29% Zn
(too small to show on Fig ure 2). Skorpion (Namibia),
which has 60 mil lion tonnes of mixed re source grad ing 6–
8% Zn and 1–2% Pb and 24.6 mil lion tonnes of ox ide re -
source grad ing 10.6% Zn, and Mapimi (Mex ico), which
has 6 mil lion tonnes at 15% Zn, 10% Pb and 500 g/t Ag, are
ex am ples of large, high-grade, nonsulphide deposits
(Corrans et al., 1993; Titley, 1993).

A sum mary of Zn and Pb grades of ma jor CHNSBM
de pos its is pre sented in Fig ure 3. Where the data are avail -
able, the Pb and Zn con tent of sul phide protore and mixed
(nonsulphide and sul phide) ores that are ge net i cally re lated
to CHNSBM min er al iza tion are also shown. CHNSBM
min er al iza tion has higher Zn and lower Pb con tent than
mixed ore and/or the sul phide protore (Fig ure 3) from
which it was de rived. Wallrock-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 deposits.

The above sum mary is an over sim pli fi ca tion. The ox i -
da tion of base-metal ore is com monly a multicyclic pro cess
(Hitzman et al., 2003). Di ver sity in the type of protore, and
the multicyclic na ture and vari a tions in near-sur face geo -
log i cal pro cesses re sult in a wide spec trum of CHNSBM
ores. Reichert and Borg (2008) pro posed two ex tremes of
CHNSBM ores, “red ores” and “white ores”. Red ores con -
sist com monly of Fe-oxyhydroxides, goethite, he ma tite,
hemimorphite, smithsonite, hydrozincite and cerussite.
They typ i cally con tain >20% Zn, >7% Fe and Pb±As.
White ores, con sist ing com monly of smithsonite,
hydrozincite and mi nor Fe-hy drox ides, con tain <40% Zn,
<7% Fe and very low con cen tra tions of Pb. The sta bil ity of
hemimorphite is largely dic tated by the ac tiv ity of sil ica
within the sys tem. Hemimorphite may be pres ent within
red or white ores. Red ores are found largely in the set tings
where the di rect-re place ment pro cess (Fig ure 1a), as de -
fined by Hitzman et al. (2003), pre dom i nates. White ore, at
the op po site end of the spec trum, may be found as re place -
ment of brec cia clasts and wallrock or as brec cia ce ment or
open-space fill ing. It may be lo cated tens to sev eral hun -
dreds of metres from the near est sul phide ore, mixed ore,
red ore or gos san. From met al lur gi cal and environmental
considerations, white ores are simpler and preferable.

REGIONAL GEOLOGY

The area of in ter est is lo cated in the Kootenay Arc of
south east ern BC (Fig ure 4). 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 (Fig ure 4). The Arc con sists of a thick suc -
ces sion of thrust-imbricated Pro tero zoic to Lower 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 Group and Mohican For ma tion.
These are over lain by the archaeocyathid-bear ing car bon -
ate rocks of the Lower 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 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 Lower Pa leo zoic Lardeau
Group (Colpron and Price, 1995). Polyphase de for ma tion
has trans posed bed ding and lo cally ob scured pri mary
strati graphic relationships (Colpron and Price, 1995).

GEOLOGICAL SETTING OF THE
CARBONATE-HOSTED SULPHIDE
DEPOSITS

The Kootenay Arc hosts nu mer ous car bon ate-hosted
Zn-Pb de pos its (Höy, 1982; Nel son, 1991). The car bon ate-
hosted Zn-Pb de pos its are dis trib uted along the Kootenay
Arc. The main con cen tra tions de fine the Salmo and
Duncan camps in south ern BC. Smaller de pos its char ac ter -
ize the north ern part of the Kootenay Arc (Fig ure 4). The
de pos its, com monly re ferred to as “Kootenay Arc-type de -
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Fig ure 1. Ide al ized sec tions of car bon ate-hosted, nonsulphide, base-metal de pos its: a) di rect-re place ment de posit; b) wallrock-
replacement de posit (modified from Heyl and Bozion, 1962; Hitzman et al., 2003).
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Formula Colour Lustre Density Hardness Comments

Smithsonite ZnCO3 white earthy, dull 4.5 4.4 soluble in HCl, botroidal, reniform, earthy 
or granular; may be fluorescent, greenish 
or bluish or whitish in ultraviolet light

Hemimorphite Zn4Si2O7(OH)2.H2O white, brown, greenish grey vitreous 3.6 5 weakly soluble in HCl, massive, botroidal, 
stalactitic

Hydrozincite Zn(CO3)2(OH)6 white, pale yellow, pale grey pearly 3.6–3.8 2–2.5 massive, fibrous, bladed aggregates; 
fluorescent pale blue or lilac in ultraviolet 
light; soluble in acids and amonia

Sauconite Na0.2Zn3Si3AlO10(OH)2.4(H2O) white, pale brown, reddish brown dull, earthy 2.45 (variable) 1.0–2.0 earthy, clay-like texture 

Willemite ZnSiO4 white, green, red, brown, black, 
pinkish, bluish

vitreous/resinous 3.9–4.2 5.5 massive, granular, prismatic; fluorescent 
green in short ultraviolet light

Zn-bearing aragonite (Zn,Ca)CO3 white, grey, yellowish vitreous 3 3.5–4.0 fluorescent green in short ultraviolet light; 
effervesces in HCl; fibrous, prismatic, 
columnar

Minrecordite CaZn(CO3)2 white to colourless, brown, blue-
green

vitreous to pearly 3.5 3.5–4 rhombohedral, sometimes saddle-shaped

Cerussite PbCO3 colourless, white, tan, grey adamantin 6 3 massive granular, reticulate, well-formed 
prisms; fluorescent yellow in long wave 
ultraviolet light

Anglesite PbSO4 white, colourless, grey, bluish, 
yellow

vitreous to adamantin 6.3 3–3.5 granular, anhedral to subhedral crystals; 
commonly fluorescent yellow in ultraviolet 
light

Pyromorphite Pb5(PO4,AsO4)3Cl green, brown, yellow resinous to adamantin 6.7–7 4 prismatic or reniform and globular textures

Plumbojarosite PbFe6(SO4)4(OH)12 golden to dark brown vitreous to dull 3.6 1.5–2.0 soluble in HCl, earthy, concretionary, 
encrustations, lumps

Litharge PbO red greasy 9.14–9.3 2 encrustations

Mimetite Pb5(AsO4,PO4)3Cl brown, yellow, tan, brown, white resinous 7.1–7.3 3.5–4 reniform, globular, sometimes prismatic

Goethite FeO(OH) dark or rusty brown, black dull, resinous 4–4.4 3.5–4 earthy, botroidal, stalactitic

Hematite Fe2O3 red to nearly black typically dull 5.2 5 coatings, stains, fracture filings

Main Pb-bearing minerals

Main Fe-bearing minerals

Main Zn-bearing minerals

Ta ble 1. Se lected nonsulphide Zn-, Pb- and Fe-bear ing min er als and their char ac ter is tics.
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Fig ure 3. Zinc and lead grades of car bon ate-hosted, nonsulphide, base-metal (CHNSBM) de pos its. Where data are avail able, Pb and Zn
con tent of ge net i cally re lated, sul phide protore and mixed (nonsulphide and sul phide) ore are con nected by a tie line. In most cases,
CHNSBM ore has higher Zn con tent than re lated mixed ore and nonoxidized sul phide protore (based on com pi la tion of Hitzman et al.,
2003). 1. Lead ville (U.S.A.), 2. Si erra Mojada (Mex ico), 3. Mapimi (Mex ico), 4. Accha (Peru), 5. Mina Grande (Peru), 6. Touissit (Mo rocco),
7. San Giovanni (It aly), 8. Um Gheig (Egypt), 9. Zamanti dis trict (Tur key), 10. Jabali (Ye men), 11. Augouran (Iran), 12. Mehdiabad (Iran), 13.
Irankuh (Iran), 14. Kuh-e-Surmeh (Iran), 15. Padaeng (Thai land), 16. Long Keng (Myanmar), 17. Cho Dien (Viet nam), 18. Jinding (China),
19. Qiandong Shen Shen (China), 20. La Cal a mine (Bel gium), 21. Tynagh (Ire land), 22. Silvermines (Ire land), 23. Reocin (Spain), 24.
Silesian-Crakow dis trict (Po land), 25. Shaimerden (Kazakhstan), 26. Skorpion (Namibia), 27. Balmat (U.S.A.), 28. Vazante (Brazil). All de -
pos its, with the ex cep tion of Vazante, are con sid ered supergene in or i gin.

Fig ure 2. Ton nages of se lected car bon ate-hosted, nonsulphide, base-metal de pos -
its, as so ci ated nonoxidized sul phide protore and mixed ores (based on com pi la tion of
Hitzman et al., 2003).



pos its” (Höy, 1982; Nel son, 1991), oc cur in the Badshot
For ma tion or its equiv a lent, the Laib For ma tion (Reeves
Mem ber). They are in ter preted to be meta mor phosed Mis -
sis sippi Val ley-type or Irish-type Pb-Zn de pos its (Paradis,
2007, 2008). They 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
stratabound and stratiform lens-shaped con cen tra tions of
sulphides (sphalerite, ga lena, py rite, lo cal pyrrhotite and
rare ar seno py rite) 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,
Blue bell) and oth ers have seen ad vanced ex plo ra tion work
(e.g., Duncan, Wigwam), although none are presently in
production.

CARBONATE-HOSTED SULPHIDE
DEPOSITS OF THE SALMO CAMP

The Salmo camp com prises nu mer ous car bon ate-
hosted Zn-Pb de pos its. With the ex cep tion of Lomond and

Cav iar (which are hosted by the Cam brian Nelway For ma -
tion), the de pos its are hosted by fine-grained, poorly
lay ered or mas sive do lo mite 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 do lo mite 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 dolomitic en ve lopes, and the lime stone hostrock gen -
er ally lie within sec ond ary iso cli nal folds along the limbs of 
re gional an ti cli nal struc tures. They form stratiform, tab u lar 
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). Some of the de pos its are
de scribed be low. Their de scrip tion is based on our field in -
ves ti ga tions (2007, 2008) and de scrip tions of Fyles and
Hewlett (1959), Fyles (1964, 1970), Höy (1982) and Legun 
(2000).
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Fig ure 4. Sim pli fied geo log i cal map of south east ern Brit ish Co lum bia show ing the Kootenay Arc and lo ca tion of car bon ate-hosted Zn-Pb
de pos its (modified from Wheeler and McFeely, 1991; Lo gan and Colpron, 2006; Paradis, 2007).



CARBONATE-HOSTED NONSULPHIDE
DEPOSITS

The near-sur face por tions of the sev eral pre vi ously de -
scribed 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 are
par tially de lim ited and were not ex ploited in the past. The
min er al ogy and paragenesis of ox i dized zones are poorly
known but in dic a tive of di rect-re place ment of sulphides by
nonsulphide 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 Fe-
rich gos san (Fig ures 1a, 1b, 5). 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 1b). 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 prob a bly 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-replacement CHNSBM min er al iza tion. The
ev i dence for di rect-re place ment or i gin is stron gest where
the tran si tion of nonsulphide to sulphide mineralization
with increasing depth is well documented. Detailed
descriptions of selected deposits are given below.

Lomond Deposit (MINFILE 082FSW018)4

This group of oc cur rences is lo cated ap prox i mately
56 km south of Nel son, 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 Nelway For ma -
tion, which con sists of cream and grey banded do lo mite
with dis con tin u ous lenses of darker do lo mite and dolomitic 
siltstone (Fyles and Hewlett, 1959). The main show ing
(Fig ure 5) is pre dom i nantly goethite. It was mined be tween
1947 and 1948 and in the 1950s as a source of iron for ce -
ment making and a small quan tity of hand-sorted ga lena
was shipped to the smelter at Trail, BC. Col lapsed rem nants 
of ore bins and rails are vis i ble in Lomond Creek upstream
from the main showing.

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. 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). The zone was resampled in 2008 and re sults of the
chem i cal anal y ses are pend ing. As so ci ated show ings ap -
prox i mately 450 m to the north ap pear to be cov ered by de -
bris slides. They were de scribed as podiform, ox i dized sul -
phide zones a few metres across, spaced along a strike
length of 300 m. The Lomond show ings may be ox i dized
analogs of the Yellowhead-type min er al iza tion of the Pend
Oreille mine in northeast Washington.

Reeves MacDonald (MINFILE 082FSW026),
Annex (MINFILE 082FSW219), Red Bird
(MINFILE 082FSW024) and Related
Deposits

The Reeves Mac Don ald de pos its are lo cated 56 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 and An nex, 
and the Red Bird prospect.

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. From this ore, 19.9 t of Ag, 203 616 t of Zn, 57 693 t of
Pb, 1215 t of Cd and 27.6 t of Cu were re cov ered (MINFILE 
082FSW024, 082FSW026, 082FSW219). Like most
carbonate-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 do lo mite and the lime -
stone hostrock are folded and meta mor phosed to
greenschist facies.

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° east off set the
for ma tions and the min er al ized zones (Figure 6).

The Reeves, B.L. (MINFILE 082FSW026) and
O’Donnell (MINFILE 082FSW028) de pos its are in ter -
preted as faulted seg ments of the same orebody (Fyles and
Hewlett, 1959; Gorzynski, 2001). The Red Bird (MINFILE 
082FSW024), An nex (MINFILE 082FSW219), Mac Don -
a ld  (MINFILE 082FSW026) ,  Po in t  (MINFILE
082FSW027) and Pros pect (MINFILE 082FSW029) de -
pos its may be re lated by the style of fault ing to the above
min er al ized zones; they may, how ever, 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 con tin u ous over tens of metres, or dis con -
tin u ous and highly con torted. Lenses of nonmineralized
light grey do lo mite interlayered with thin bands of argillite
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Fig ure 5. The main ex po sure at the Lomond de posit, south east ern
Brit ish Co lum bia; an ex am ple of a car bon ate-hosted, nonsulphide, 
base-metal (CHNSBM) de posit (gos san com po nent).

4(MINFILE, 2008)



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, re spec tively. Gal lium and ger ma nium have
been reported in concentrations above background levels.

Only sul phide min er al iza tion was mined and the
nonsulphide base-metal-bear ing zones, con sist ing of
earthy yel low-brown gos san of li mo nite(?) and goethite
with vari able amounts of cerussite, angle site, smithsonite
and hemimorphite, 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 re moved by the
advancing ice.

Lo ca tions and pro jec tions of the main min er al ized
zones to the sur face are sketched on Fig ure 7. The de pos its
and pros pects (Fig ure 8) are ex posed over a dis tance of ap -
prox i mately 4 km. Some of these min er al ized zones, con -
sist ing at least in part of nonsulphide base-metal-bear ing
min er als, are described below.

MACDONALD ADIT

The por tal of the Mac Don ald adit col lapsed be fore
1954 and is now en tirely cov ered by over bur den. Fyles and
Hewlett (1959) re ported that the adit was driven within
“earthy cal car e ous and limonitic ma te ri als con tain ing sec -
ond ary Pb and Zn minerals”.

POINT (ZONE Z)

The Point oc cur rence (zone Z) is lo cated 450 m west of
the 1900 level por tal of the Reeves Mac Don ald mine (Fig -
ure 8), and most of it is cov ered by wa ters of the Pend-
d’Oreille River. A small faulted sec tion of ir reg u lar, tab u lar
masses of limonitic gos san is vis i ble on a roadcut be side the 
Reeves Mac Don ald mine road (Fig ure 9). The Zn-Pb min -
er al iza tion oc curs within ir reg u lar, tab u lar- or pod-shaped
en ve lopes of dolomitized Reeves Mem ber lime stone (Fyles 
and Hewlett, 1959). The de posit con sists of two sul phide
ho ri zons, each about 6 m thick and sep a rated by 20 m of
dolostone. Min er al iza tion con sists of bands and lenses of
mas sive and dis sem i nated py rite, honey-col oured
sphalerite and ga lena. Dis sem i nated, fine-grained, yel low
sphalerite and oc ca sional grains of ga lena also oc cur in a
ma trix of brecciated do lo mite. A small ton nage of ore,
grad ing 10% zinc was apparently extracted from this zone
in the past (Gorzynski, 2001).

PROSPECT ZONE

The Pros pect zone is lo cated in a wide spread dolomit -
ized unit in for mally called the “Pros pect do lo mite mem -
ber”. The Pros pect do lo mite is thought to be a sep a rate car -
bon ate unit from the Reeves Mem ber lime stone (G. Klein,
pers comm, 2007). It is host to scat tered oc cur rences of dis -
sem i nated and lay ered py rite, sphalerite and traces of ga -
lena par al lel to a faint lay er ing in the fine-grained, pale grey 
do lo mite. The high est con cen tra tions of sulphides are as so -
ci ated with coarse-grained grey do lo mite. The Pros pect
zone has been tested by two short adits, which ex posed ir -
reg u lar and sparse min er al iza tion con tain ing lo cally 10%
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Fig ure 6. Sim pli fied geo log i cal map of the Salmo area, south east ern Brit ish Co lum bia (mod i fied from Fyles and Hewlett, 1959).
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Fig ure 8. Sche matic lon gi tu di nal east-north east sec tion (look ing north) show ing the dis tinct nonsulphide zinc ox ide and sul phide zones.
Some of the nonsulphide zones were la belled A to H by ReMac Zinc Cor po ra tion (mod i fied from Addie, 1970; Price, 1987; Gorzynski,
2001). For lo ca tion of sec tion see Fig ure 7.

Fig ure 7. Sche matic plan view of the main nonsulphide zinc ox ide zones within the Reeves Mem ber lime stone/dolostone unit of the Laib
For ma tion and the Nelway For ma tion, south east ern Brit ish Co lum bia (mod i fied from Redhawk Re sources Inc., 2005).



Pb and 9% Zn over widths of 60 cm (Walker, 1934). Sur -
face trench ing has ex posed ox i dized zones greater than 4 m
across (Fyles and Hewlett, 1959).

Redhawk Re sources Inc. drilled four holes in the Pros -
pect do lo mite mem ber (south of zone C), which in ter sected
13.7% Zn over 9 m, 8.24% Zn over 4 m and 2.02% Zn over
16.98 m (Klein, 1999).

ANNEX MINE

The An nex mine (con sist ing mainly of zones E and F),
lo cated on the west side of the Pend-d’Oreille River (Fig -
ure 7), op er ated from 1970 to 1975. It pro duced 763 314 t of 
sul phide ore at a re cov ered grade of 5.59% Zn, 0.93% Pb
and 44.61 g/t Ag, most of which came from the E and F
zones (Fig ure 8). Sev eral bore holes drilled from 1986 to
2000 re turned sig nif i cant Zn, Pb and Ag grades within the
nonsulphide por tions of the An nex min er al iza tion (George
Cross News Let ter, 1998; Klein, 1998). The last two holes
were drilled in 2000 to in ter sect the up ward pro jec tion of
the sul phide zone. The first hole av er aged 9.64% Zn over
21.0 m, with high-grade footwall (18.47% Zn over 3.9 m)
and hangingwall (23.75% Zn over 2.3 m) por tions and with
lower grade dolomitic sec tions. The sec ond hole av er aged
14.62% Zn over 15.0 m with out in ter nal dolostone sec -
tions. These are the only holes in the area that en coun tered
nonsulphide min er al iza tion be low the wa ter ta ble (Gor zyn -
ski, 2001). The po si tion of the sul phide-ox ide bound ary in
zone F is known and was es tab lished dur ing min ing. At
both of these holes, drill ing also en coun tered long sec tions
of low-grade min er al iza tion be low the main in ter sec tions
(21.4 m sec tion of dolostone grading 1–2.4% Zn and a
23.4 m section grading 1–5% Zn).

ZONE G

Zone G is an other faulted sec tion of the An nex mine.
The first 500 m from the por tal of the Reeves 1900 level is
in leached lime stone with iron ox ide zones that were
formed by ox i da tion of the Mac Don ald sul phide orebody
(Fyles and Hewlett, 1959). This ox ide zone was fur ther in -
ves ti gated by drill ing in 2000 (Gorzynski, 2001). The best
in ter sec tion was 8.21% Zn, 1.08% Pb and 6.5 g/t Ag over
11.6 m (Gorzynski, 2001). This con firms the pres ence of
base-metal nonsulphide min er al iza tion above the zones en -
coun tered in the 1900 level.

ZONE H

Zone H hosts zinc ox ide min er al iza tion. It is in ter -
preted to con tinue at depth where grab sam ples of zinc ox -
ides grad ing 20–25% Zn were col lected from un der ground
work ings in the early 1970s (G. Klein, pers comm, 2000;
Gorzynski, 2001). One of the two holes drilled in 2000 re -
turned 10.98% Zn over 8.9 m, in clud ing 14.71% Zn over
5.3 m of true width. A sec ond drillhole lo cated 55 m to the
east, re turned 6.35% Zn over 4.4 m of true width but the in -
ter sec tion was near sur face (Gorzynski, 2001).

ZONE P

Zone P is a zinc ox ide zone dis cov ered by drill ing in
2000. A drillhole re turned two min er al ized in ter sec tions,
6.68% Zn over 4.4 m (near the sur face) and 13.25% Zn over 
3.5 m at depth (Gorzynski, 2001).

Red Bird Prospect

The Red Bird pros pect lies south and west of the Pend-
d’Oreille River along Red Bird Creek. It in cludes zones A,
B, C and D de scribed be low (Fig ures 7, 8). 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

Zone A is lo cated near 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 16.11% Zn over 1.5 m.

BEER BOTTLE ZONE (ZONE B)

The Beer Bot tle zone, lo cated ap prox i mately 300 m
east of zone A (Fig ures 7, 8), 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).

The zone has been known since the 1920s and was
drilled and re trenched in 1998 and 2000. One of the
trenches ex posed a sec tion of red-brown li mo nite in ter ca -
lated with dolostone (Gorzynski, 2001) and re turned
15.00% Zn over 12.8 m. The footwall por tion of this zone
as sayed 22.16% Zn over 6.3 m and the hangingwall por tion
re turned 8.08% Zn over 6.5 m (Gorzynski, 2001). Four
other trenches re turned dis ap point ing re sults but one of the
roadcuts ex posed a 10 m long sec tion in ter preted as a col -
lapse brec cia (Gorzynski, 2001). Ac cord ing to Gorzynski
(2001), the brec cia con sists of an gu lar dolostone and lime -
s tone and rounded clasts  of  zinc  ox ide  (mainly
hemimorphite) vary ing in size from peb bles to boul ders.
Five hemimorphite-rich boul ders sam pled on the prop erty
con tained 18–32% Zn. Four ver ti cal chan nel sam ples taken 
over the 10 m brec cia ex po sure averaged 17.76% Zn
(Gorzynski, 2001).
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Fig ure 9. Limonitic gos san is vis i ble on a roadcut be side the
Reeves Mac Don ald mine road, the Point oc cur rence (zone Z),
south east ern Brit ish Co lum bia.



Based on the above de scrip tion, this nonsulphide zinc
ox ide sec tion is very dif fer ent from other typ i cal
nonsulphide min er al iza tion of the Salmo area. Other
nonsulphide, karst-re lated, Zn oc cur rences are known else -
where (Hitzman et al., 2003).

ZONE C

Zone C, lo cated 150 m north east of zone B, 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 (Fig ure 8). 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 an av -
er age grade 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 roadcuts (60 m in length), lo cated 85 m
in el e va tion above tun nel no. 1, ex posed a li mo nite 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.
This zone in cludes two lenses of low-grade dolostone and a
lower grade, iron ox ide-rich, cen tral sec tion (3.32% Zn
over 11.0 m), which is in ter preted as di rect-re place ment of
the pyrite-rich protore.

ZONE D

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 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). Con se -
quently, the po si tion of this zone (Fig ure 8) is based en tirely 
on interpretation.

Caviar Showing (MINFILE 082FSW060)

The Cav iar show ing con sists of two zones lo cated west 
of the Pend-d’Oreille River and 200 m north of the United
States border (Fig ure 7). These zones con sist of lenses and
string ers of sphalerite in dolomitic sec tions of lime stone of
the Nelway For ma tion (Fyles and Hewlett, 1959;
Gorzynski, 2001). The best of four drillholes re turned an
in ter sec tion of 6.5% Zn over 6 m (Crosby, 1956). The
nonsulphide (near sur face) por tion of the min er al iza tion is
be lieved to be lim ited to a few metres.

Jersey-Emerald Deposits (MINFILE
082FSW009)

The Jer sey-Em er ald prop erty 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. Other de -
posit types, such as a gold-bis muth zone, SEDEX-type
zinc-sil ver-cop per de pos its and mo lyb de num por phyry de -
pos its are also pres ent on this prop erty. Only the Zn-Pb
deposits will be considered here.

The his toric Jer sey Zn-Pb de posit was a small but
steady pro ducer from 1906 to 1925. Dur ing that pe riod
25 850 t of ore were mined and 705 292 g of Ag,
6 788 936 kg of Pb and 19 771 kg of Zn were re cov ered.
Dur ing 1948, when the Em er ald tung sten mine was in pro -
duc tion, a large ton nage of lead-zinc ore was out lined by
drill ing at the Jer sey Zn-Pb mine. The Jer sey Zn-Pb mine
op er ated con tin u ously un til 1973. Lead and zinc was pro -

duced from Jer sey and Em er ald orebodies. Be tween 1949
and 1973, over 8 mil lion tonnes of ore grad ing 1.95% Pb
and 3.83% Zn were mined and 115 000 t of Pb, 263 000 t of
Zn and 21 500 kg of Ag were recovered (MINFILE
082FSW009; Sul tan Min er als Inc., 2008).

The Jer sey and Em er ald Zn-Pb min er al iza tion oc curs
within a dolomitized zone, near the base of the Reeves
Mem ber and var ies from 8 to 30 m in thick ness. The Tru -
man Mem ber of the Laib For ma tion forms the mine
footwall rocks (Fyles and Hewlett, 1959). It con sists of
dense, red dish green skarns and a brown argillite host ing
tung sten and mo lyb de num min er al iza tion. Five Pb-Zn
dolomite-hosted ore bands, rang ing in thick ness from 0.3 to 
9 m, are rec og nized within the mine. Sul phide ore con sists
of fine-grained sphalerite and ga lena with py rite, pyrrhotite 
and mi nor ar seno py rite. The ga lena-sphalerite-py rite-
pyrrhotite ores are banded and sim i lar to ores from the HB
de pos its, ex cept that Pb dom i nates. Cad mium is as so ci ated
with low-iron sphalerite and sil ver with ga lena. In 1995,
dur ing a tung sten ex plo ra tion pro gram, di a mond drill ing
en coun tered a sec ond Pb-Zn-bear ing do lo mite ho ri zon lo -
cated 55–60 m be low the Jer sey mine, cur rently re ferred to
as the Lower Jer sey zone (Sul tan Min er als Inc., 2008). The
wid est min er al ized in ter cept was 9 m, and the best sin gle
intersection graded 8.1% Zn and 3.8% Pb across 1 m
(George Cross News Letter, 1997).

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. Gen er ally, this agrees with our field ob ser -
va tions. The mine is dry and only two of the ten ore zones, B 
and D, were ex posed at 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 on Iron Moun tain.
A Fe-rich gos san 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. Re sults 
of geo chem i cal analyses of this oxide zone are pending.

HB Deposit (MINFILE 082FSW004)

The HB mine is lo cated 8 km south east of the vil lage of
Salmo. It con sists of two dis tinct zones, the HB and the Gar -
net de pos its. The HB de posit con sists of 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 t 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 t grad ing 0.1% Pb and 4.1% Zn (Anonymous,
1983).

The orebodies, hosted by 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. Iso cli -
nal fold ing is de scribed within the trough of the
synclinorium and these folds are af fected by crossfolding at 
the north end of the HB mine and south of the main orebody.

The HB main min er al iza tion con sists of three elon -
gated, crudely el lip soi dal 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
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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 mar ble (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 sil ica-
rich zone. Talc and tremolite are re ported to be found
mainly near the sil ica-rich zone, sug gest ing that these min -
er als formed along the front pro duced by synmetamorphic
el e ment ex change be tween sil ica-rich and dolomitic rocks.
Al ter na tively, tremolite and talc may be part of a
metasomatic front cre ated by the in tro duc tion of sil ica-
bear ing fluids into the dolomitic carbonates.

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}, smithsonite
{ZnCO3}, cerussite {PbCO3} and angle site {PbSO4}.
Fyles and Hewlett (1959) also men tioned the fol low ing
phos phates: pyromorphite {Pb5(PO4,AsO4)3Cl}, hopeite
{Zn4(PO4)2(OH)2·3H2O}, spencerite {an un com mon zinc
p h o s  p h a t e ;  Z n 4 ( P O 4 ) 2 · 4 H 2 O }  a n d  s a l m o i t e
{Zn2(PO4)(OH)}.

Oxide Prospect (MINFILE 082FSW022)

The main show ings of the Ox ide pros pect 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 Lower(?) 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).

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. Fig ure 10 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 parahopeite as the ma jor Zn-
bear ing min er als (McAllister, 1951). Ga lena nod ules and
pyromorphite are the prin ci pal Pb-bear ing min er als
(McAllister, 1951). The high est as say from the 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). Up to 23% man ga nese and mi nor py -
ritic quartz, with low gold as says, are re ported in MINFILE
(082FSW022). 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 reported to
host nonsulphide Zn-Pb mineralization.

DISCUSSION

The Reeves Mac Don ald group of de pos its rep re sent
the best doc u mented ex am ples of CHNSBM de pos its in
BC. Fig ure 8 sum ma rizes re la tion ships be tween the base-
metal, nonsulphide min er al iza tion and the sul phide ore
within the Reeves Mac Don ald area. Sul phide zones were
ox i dized at least up to 450 m be low the sur face. Sev eral
CHNSBM zones are un der lain by sul phide min er al iza tion,
sug gest ing that they formed by di rect-re place ment of sul -
phide de pos its. This is also sup ported by their mineralogy
and Pb and Zn content.

The key con trols on the for ma tion of CHNSBM de pos -
its are cli mate, na ture and avail abil ity of near-sur face
protore, li thol ogy, fa vour able hy drol ogy and the rate of
uplift.

Cli mate and paleoclimate are im por tant fac tors in the
se lec tion of any given area for ex plo ra tion tar get ing
supergene CHNSBM de pos its (Hitzman et al., 2003;
Reichert and Borg, 2008). The cli mate con trols the ox i da -
tion con di tions and the trans port of met als. The most fa -
vour able con di tions for ox i da tion are achieved in an arid
cli mate, which max i mizes the quan tity of met als avail able
for trans port by supergene so lu tions. This is done by min i -
miz ing biogenic ac tiv ity within the soil, mak ing more ox y -
gen avail able for sul phide ox i da tion and max i miz ing the
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Fig ure 10. Hemimorphite-bear ing ma te rial, Ox ide de posit, south -
east ern Brit ish Co lum bia.

Fig ure 11. Cut through a hemimorphite nod ule from Ox ide de posit, 
south east ern Brit ish Co lum bia, dis play ing char ac ter is tic tex ture.



quan tity of met als that are avail able for trans port by so lu -
tions (Reichert and Borg, 2008). Dry cli mate also fa vours a
low wa ter ta ble, pre vent ing pre ma ture di lu tion of metal-
bear ing supergene so lu tions by bar ren ground wa ter within
aqui fers and dis per sion of the ore-form ing met als (Reichert 
and Borg, 2008). There is no de tailed in for ma tion re gard -
ing the paleoclimate in the Salmo area but stud ies from
south ern BC in di cate that af ter the last gla cial max i mum
(from 17 000 to 14 000 BP) there was a rel a tively warm and
dry cli mate around 10 000–7 000 BP (Palmer et al. 2002;
Hebda, 2007). This warm dry period may have been ideal
for development of CHNSBM deposits.

Ar eas not af fected by gla ci ation have higher po ten tial
to con tain pre served, soft, CHNSBM de pos its than gla ci -
ated ones. The Late Wisconsinan Cordilleran Ice Sheet
orig i nated in the Ca na dian Cor dil lera and its pro gres sion
south ward was to a large ex tent con trolled by to pog ra phy
(Clague and James, 2002). The last ice sheet started to de -
velop 30 000–25 000 BP and reached its max i mum ex tent
17 000–14 000 BP. Its re treat was ac com pa nied by brief re-
ad vances, down wast ing and pe ri ods of stag na tion. Ac -
cord ing to Clague (1991, Fig ure 12.1), the Salmo area is lo -
cated about 100 km north of the max i mum south ern limit of
this ice sheet. The gla ciers in the Salmo area may have been
thin. Iso static re bound, which started dur ing the gla cial re -
treat, was prob a bly less in the Salmo area than in areas
originally covered by thicker ice.

Sul phide min er al iza tion in the Salmo area is
premetamorphic and predeformational (pre-Mid dle Ju ras -
sic). From the field ev i dence, we know that the sul phide ox -
i da tion is post-Mid dle Ju ras sic, and may have started be -
fore or slightly af ter the last gla cial max i mum (17 000–
14 000 BP). The rel a tively warm and dry cli mate, which
pre vailed some 10 000–7 000 BP (Palmer et al. 2002;
Hebda, 2007), may have been par tic u larly fa vour able for
supergene ox i da tion of sulphides and for ma tion of
CHNSBM de pos its in the Salmo area. If this sce nario is
cor rect, the for ma tion of CHNSBM de pos its co in cided
with gla cial re treat, which also favoured their preservation.

EXPLORATION CONSIDERATIONS

The se lec tion of grassroot ex plo ra tion ar eas in volves
con sid er ing the con di tions re quired or fa vour ing the for ma -
tion of CHNSBM de pos its, such as the pres ence of known
sul phide min er al iza tion con tain ing base-metal-bear ing
sul phide de pos its, fa vour able cli mate and/or paleoclimate
(which in flu ences the po si tion of the wa ter ta ble and the
pre vail ing oxido-re duc tion con di tions), per mis sive hy dro -
log i cal char ac ter is tics (per me abil ity and po ros ity of the
hostrocks, karsts, and frac ture and fault zones), avail abil ity
of rocks with abil ity to con trol the pH of the metal-bear ing
so lu tions (carbonates), topography, rate of uplift and
glacial history.

Com mon nonsulphide ore min er als are Zn, Pb and Fe
ox ides, car bon ates, sil i cates and phos phates (Ta ble 1).
With the ex cep tion of the Fe-bear ing min er als that are com -
mon in gos sans (Fe-oxyhydroxites, goethite and he ma tite),
these min er als are un fa mil iar to to day’s field ge ol o gists.
Train ing in min er al ogy, use of a colometric field test for
zinc (“Zinc Zap”), use of por ta ble X-ray flu o res cence
(XRF) an a lyz ers and use of heavy min er al sur veys (most of
the nonsulphide base-metal ore min er als have high den si -
ties [Ta ble 1]) will im prove the odds for new dis cov ery.
Some of the nonsulphide base-metal-bear ing min er als may

flu o resce un der ul tra vi o let light (Ta ble 1). Hydrozincite
and smithsonite gen er ate dis tinct short-wave, in fra red-
spec tral re sponses, there fore un der fa vour able con di tions
the use of short-wave in fra red spec trom e try (SWIR) and
re mote sens ing may be jus ti fied. Mon i tor ing the wa ter ta ble 
dur ing an ex plo ra tion drill ing pro gram is es sen tial and ob -
tain ing re cords from wa ter well logs in neigh bour ing ar eas
may pro vide use ful in for ma tion. Elec tron i cally avail able
re sults of Re gional Geo chem i cal Sur veys (avail able on the
MapPlace website; BC Geo log i cal Sur vey, 2008) are use -
ful. Gla ci ation re duces the chances of pre serv ing the soft
CHNSBM de pos its. Trac ing min er al ized gla cial er rat ics
back to their source may help to lo cate such de pos its. From
a geo phys i cal point of view, nonoxidized sul phide zones
con tain ing pyrrhotite will have the best po ten tial to be de -
tected by air borne elec tro mag netic (EM) sur veys. The self-
potential (SP) method is ideal to detect zones of active
sulphide oxidation, unfortunately the method has a very
limited depth of penetration.

Re gard less of the in ten sity of the gla cial scour ing and
ero sion, the shape and ori en ta tion of the CHNSBM bod ies
ap pears to be key to their pres er va tion through the gla ci -
ation. Steeply plung ing, rod-shaped nonsulphide ox ide de -
pos its (such as those of the Reeves Mac Don ald area), with
their small est di men sion ex posed at sur faces (Fig ure 8), en -
closed in com pe tent rocks (i.e., dolomitized lime stone),
have ex cel lent 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 face have low est sur vival po ten tial. On the pos i tive side, 
lo cal, small-scale trans por ta tion of nonsulphide ore frag -
ments from steeply plung ing CHNSBM bodies is
considered beneficial for exploration.

CONCLUSION

The as so ci a tion of many known CHNSBM zones with
un der ly ing mas sive sulphides in com bi na tion with
nonsulphide ore char ac ter is tics sug gests that a large pro -
por tion of known CHNSBM min er al ized zones in the
Salmo area are of the di rect-re place ment type. Ge ol o gists
and pros pec tors look in stinc tively for red gos san, which is
com monly as so ci ated with near-sur face ox i da tion of
sulphides; how ever, high-grade Zn, white ores are more
dif fi cult to rec og nize. At least in some cases, mas sive,
nonsulphide white ores were not vi su ally dis tin guished in
the past from the com mon bar ren dolostone (Gorzynski,
2001). While the lo ca tions of a large pro por tion of out crop -
ping red ore nonsulphide de pos its in the Salmo area are
prob a bly al ready known, it is con ceiv able that eco nom i -
cally sig nif i cant Zn-rich CHNSBM de pos its con tain ing
white ore re main to be dis cov ered. There are many ge netic
fac tors, such as the tim ing of the ox i da tion of sulphides that
re main to be better con strained. The Salmo min ing camp
can be con sid ered an ex am ple of eco nom i cally sig nif i cant
near-sur face CHNSBM de pos its within a gla ci ated area.
Shape and ori en ta tion of a CHNSBM deposit may be the
key factor that determines if a given deposit survives
glaciation or not.
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